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ABSTRACT

Atherosclerotic renovascular disease (ARVD) is the most common type of renal artery stenosis. It represents a common health problem
with clinical presentations relevant to many medical specialties and carries a high risk for future cardiovascular and renal events,
as well as overall mortality. The available evidence regarding the management of ARVD is conflicting. Randomized controlled trials
failed to demonstrate superiority of percutaneous transluminal renal artery angioplasty (PTRA) with or without stenting in addition
to standard medical therapy compared with medical therapy alone in lowering blood pressure levels or preventing adverse renal
and cardiovascular outcomes in patients with ARVD, but they carried several limitations and met important criticism. Observational
studies showed that PTRA is associated with future cardiorenal benefits in patients presenting with high-risk ARVD phenotypes
(i.e. flash pulmonary oedema, resistant hypertension or rapid loss of kidney function). This clinical practice document, prepared by
experts from the European Renal Best Practice (ERBP) board of the European Renal Association (ERA) and from the Working Group
on Hypertension and the Kidney of the European Society of Hypertension (ESH), summarizes current knowledge in epidemiology,
pathophysiology and diagnostic assessment of ARVD and presents, following a systematic literature review, key evidence relevant to
treatment, with an aim to support clinicians in decision making and everyday management of patients with this condition.
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INTRODUCTION

Atherosclerotic renovascular disease (ARVD) represents the most
common type of renal artery stenosis (RAS), accounting for ~90%
of patients with RAS versus 10% of cases that are due to fibromus-
cular dysplasia (FMD) and other, more rare causes [1-4]. ARVD is
commonly clustered with various comorbidities, including hyper-
tension, chronic kidney disease (CKD), peripheral artery disease,
coronary artery disease and heart failure (HF), and its overall prog-
nosis is unfavourable [5]. Despite the fact that the pathophysi-
ological basis of RAS was originally described almost 100 years
ago [6, 7], the optimal treatment of ARVD is still highly contro-
versial [8]. Preliminary observational evidence indicated the effi-
cacy and safety of percutaneous transluminal renal artery angio-
plasty (PTRA) with or without stenting for the treatment of ARVD,
but subsequent randomized controlled trials failed to demon-
strate the superiority of revascularization in addition to standard
medical therapy compared with medical therapy alone in lower-
ing blood pressure (BP) levels or preventing adverse cardiovascu-
lar (CV) and renal outcomes in patients with ARVD [9-11]. How-
ever, these trials had several limitations in design or execution
flaws and met important criticism [2]. Recent observational stud-
ies in ARVD patients with high-risk clinical presentations have
demonstrated that successful restoration of blood flow is associ-
ated with the preservation of kidney function and decreased risk
of CV events and death [8].

This document was prepared by experts from the European
Renal Best Practice (ERBP) board of the European Renal Associa-
tion (ERA) and from the Working Group on Hypertension and the
Kidney of the European Society of Hypertension (ESH). It briefly
summarizes current knowledge in epidemiology, pathophysiology
and diagnostic assessment of ARVD and presents, following a sys-
tematic literature review, key evidence relevant to medical or in-
terventional treatment, with an aim to support clinicians in de-
cision -making and everyday management of patients with this
condition.

Epidemiology
Prevalence

The prevalence of ARVD differs considerably among studied popu-
lations. In a population-based cohort of 870 participants >65 years
of age, ARVD (defined as >60% stenosis) was identified by re-
nal duplex sonography in 6.8% of patients, with equal frequency
among White and Black participants [12]. Among hypertensives,
the prevalence of ARVD is probably ~1% in patients with mild hy-
pertension [13], but may be as high as 14-24% in patients with
severe or resistant hypertension [14-16]. Of note, among patients
with hypertension, ARVD is considered the second most common
cause of secondary hypertension [17].

The prevalence of ARVD is higher in individuals with
atherosclerotic lesions in other vascular beds [18]. It has been doc-
umented that ARVD prevalence ranges from 12 to 45% of patients
with peripheral artery disease (PAD) and from 5 to 30% in patients
evaluated for coronary artery disease (CAD) [18, 19]. Studies in pa-
tients with abdominal aortic aneurysm (AAA) report prevalence
rates of ARVD ranging from 2.6 to 30% depending on the crite-
ria used for case definitions [18, 20, 21]. Finally, a relevant study
reported that 54% of patients with HF and ejection fraction (EF)
<40% had RAS of >50% of the luminal diameter as assessed by
magnetic resonance angiography (MRA), while in the subgroup of
patients with HF and CKD, the prevalence increased to 68% [22].

The association of ARVD with CKD is well described; the kid-
ney disease resulting from stenotic lesions in the renal arteries

is termed ischaemic nephropathy [23]. In middle-aged patients
with advanced CKD, the prevalence of ARVD ranges from 5 to 22%,
while in dialysis patients it can go as high as 40.8% [24-28]. A pre-
vious report from the US Renal Data System suggested a gradual
increase in the diagnosis of ARVD from 9.2% to 11.2% in the 2-year
period before dialysis initiation, based on relevant claims [29].

Prognosis

The overall prognosis of ARVD is poor. In an analysis of a 5%
random sample of the US Medicare population, adverse event
rates after incident diagnosis of ARVD greatly exceeded those
in the general population, including atherosclerotic heart dis-
ease (303.9 versus 73.5 per 1000 patient-years), PAD (258.6 ver-
sus 52.2 per 1000 patient-years), congestive HF (CHF; 194.5 ver-
sus 56.3 per 1000 patient-years); cerebrovascular accident or tran-
sient ischaemic attack (175.5 versus 52.9 per 1000 patient-years),
death (166.3 versus 63.3 per 1000 patient-years) and renal replace-
ment therapy (28.8 versus 1.3 per 1000 patient-years) [30]. Patients
with ARVD and pre-dialysis CKD have 1.5 times and those on
dialysis 3.3 times higher mortality risk than patients with other
causes of CKD [31]. RAS prognosis varies considerably depending
on the underlying clinical presentation and comorbid conditions.
A prospective cohort study in 467 patients with RAS >50% showed
that among patients not treated with revascularization, those that
present with flash pulmonary oedema have a markedly increased
risk of death {hazard ratio [HR] 2.2 [95% confidence interval (CI)
1.4-3.5]} and CV events [HR 3.1 (95% CI 1.7-5.5)] compared with
patients with low-risk phenotypes (i.e. those without flash pul-
monary oedema, refractory hypertension or rapid loss of kidney
function) [32].

Pathophysiology

The pathogenesis of BP rise in RAS was first described 90 years
ago [7]. Currently it is widely accepted that ARVD with lumen
stenosis >70% will cause a reduction of renal blood flow and
hypoperfusion of the juxtaglomerular apparatus, which in turn
stimulates the release of renin followed by increased produc-
tion of angiotensin II and aldosterone [1, 2, 19, 33]. Stenoses of
lesser degrees are suggested to have minimal haemodynamic ef-
fects due to the compensatory mechanisms of renal autoregula-
tion [1, 19]. However, renal autoregulation may be compromised
in several groups of individuals, including the elderly and those
with diabetes mellitus or HF [34, 35], and thus it cannot be ex-
cluded that renal blood flow in such patient groups could be com-
promised in stenoses of lesser degrees. Furthermore, ischaemia
of even a few nephrons can cause the full syndrome of reno-
vascular hypertension, as shown in numerous cases of segmen-
tal RAS with excess unilateral renin release, striking hyperpla-
sia of the juxtaglomerular apparatus of affected glomeruli and
reversal of hypertension by partial nephrectomy or angiotensin-
converting enzyme inhibitor (ACEI) use [36-38]. In unilateral RAS,
the contralateral healthy kidney is expected to, at least partly,
compensate for the above adverse effects of renin-dependent hy-
pertension through pressure natriuresis. However, in the increas-
ingly common cases of bilateral RAS, this compensation cannot
be present, causing sodium/volume retention and leading to a
volume-dependent hypertension phenotype and higher risk of
‘flash’ pulmonary oedema [39, 40].

The compensatory increase in renin-angiotensin-aldosterone
system activity will have systemic effects, including increased
sympathetic activity, arterial remodelling and vasoconstriction,
activation of inflammatory and oxidative stress pathways and
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Table 1: Clinical phenotypes of ARVD that should prompt investi-
gations for this entity.

Hypertension Sudden onset or worsening of existing
hypertension

Grade III hypertension (especially in the presence
of other cardiovascular risk factors or
atherosclerotic disease in other circulatory
beds)

Resistant hypertension

Kidney disease Atrophic kidney or size difference >1.5 cm
between kidneys
Rapid, unexplained kidney function decline
Decline in kidney function (eGFR) >30% after
starting treatment with ACEIs/ARBs
Increased albuminuria/proteinuria due to
hypertensive damage in the non-stenotic
kidney in unilateral RAS

Heart failure Repeated hospital admissions for decompensated
heart failure with preserved left ventricular
function on echocardiography

Sudden unexplained (‘flash’) pulmonary oedema

sodium and water retention. All the above would be added to the
direct effects of glomerular hypoperfusion and adversely affect re-
nal oxygenation and mitochondrial and microvascular function,
leading to kidney fibrosis [1, 2, 19, 33]. In addition to the above,
excess angiotensin II and aldosterone directly affect gene regula-
tion in cardiac myocytes and fibroblasts, leading to excess inflam-
mation and oxidative stress, upregulation of trophic factors and
cytokines, myocardial cell hypertrophy, hyperplasia and apopto-
sis, extracellular matrix and collagen deposition and myocardial
fibrosis [41-43]. Other adverse CV effects of ARVD include athero-
matous plaque formation in the aortic arch, descending thoracic
aorta [44] and carotid arteries [45]; increased macrophage influx
and myocyte necrosis [46]; direct cardiac mitochondrial injury and
impaired mitophagy [47]. All these pathways lead to adverse left
ventricle (LV) remodelling/hypertrophy and diastolic dysfunction,
which can be considerably reversed by renal revascularization
[40, 48].

Clinical manifestations

Patients with ARVD may present with multiple clinical manifesta-
tions, ranging from asymptomatic disease to severe presentations,
including malignant hypertension, flash pulmonary oedema and
rapidly progressive kidney function decline. In some cases, ARVD
may be identified as an incidental finding during imaging studies.
Table 1 summarizes the most common clinical presentations and
changes in common laboratory tests related to ARVD that should
prompt clinicians to perform further investigations for this en-
tity. The most common clinical presentations are resistant hyper-
tension (defined as uncontrolled hypertension under office and
ambulatory conditions despite appropriate lifestyle measures and
optimal treatment with adequate doses of three or more anti-
hypertensive drugs of different classes, including a diuretic, or
controlled BP in the presence of adequate doses of more than
four antihypertensive drugs) [49, 50] and ischaemic nephropa-
thy, -CKD. Other clinical presentations of ARVD include a decline
in glomerular filtration rate (GFR) >30% within the first weeks
of initiating an ACEI or an angiotensin II receptor blocker (ARB),
unexplained rapid decline in kidney function [acute kidney in-
jury (AKID)] [51], ‘flash’ pulmonary oedema (known as Pickering
syndrome) or repeated hospitalizations for decompensated HF

with preserved EF, particularly in patients with hypertension and
CKD [52, 53]. In unilateral RAS, the non-stenotic kidney can have
damage associated with glomerular hypertension and hyperfiltra-
tion. Clinically, this can be associated with proteinuria that may
reach nephrotic levels in some patients with severe hypertension
[54], and can be reversed following BP reduction after revascular-
ization by surgery or PTRA [55-57]. Histology in the non-stenotic
kidney can reveal benign nephrosclerosis, focal and segmental
glomerulosclerosis or relevant types of damage [54, 57, 58]. In-
creased albuminuria or proteinuria is a poor predictor of renal and
cardiovascular outcome in patients with RAS [59].

Diagnosis

Duplex ultrasound is the most commonly used screening tool for
ARVD due to its lower cost and non-invasive nature [19]. It pro-
vides waveform and velocity data [peak systolic velocity (PSV)
and renal:aorta PSV ratio] [60], as well as data about kidney vi-
ability (resistive index) [61, 62]. A PSV >200 cm/sec is associated
with 95% sensitivity and 90% specificity for >50% stenosis; a re-
nal:aorta PSV ratio >3.5 has 92% sensitivity for 60% stenosis [63].
A renal-resistive index <0.8 indicates possible viability of renal
parenchyma. However, the method is largely operator dependent
and may be limited by the body habitus (obesity) and presence of
bowel gas. Renal scintigraphy with and without captopril can offer
useful information with regards to relevant blood flow in patients
with unilateral RAS, but can be difficult to interpret in bilateral
RAS and does not provide information on the degree of the steno-
sis [64].

Computed tomography angiography (CTA) or MRA are reliable
methods for diagnosing RAS [19]. In older studies, the sensitivity
and specificity of CTA and MRA were shown to be 64% and 92%
and 62% and 84%, respectively [65]; however, with higher resolu-
tions offered by newer devices and updated study protocols, the
sensitivity and specificity is suggested to be improved, ranging be-
tween 90-96% and 90-92% with CTA and 94-97% and 85-93% with
MRA [5, 19]. Both techniques are very useful for assessment of
renal branching/orientation patterns and renal accessory arter-
ies [19]. Contrast medium-induced nephropathy is considered the
major limitation of CTA, although the risk is ~#5% even in individ-
uals with stage 4 CKD [66, 67]. MRA is a reasonable alternative in
these patients, since the risk of nephrogenic systemic fibrosis pa-
tients with CKD stage 4 or 5 receiving a group II gadolinium-based
contrast agent was recently reported at <0.07% [68]. Apart from
evaluating the actual stenosis degree, several preliminary studies
suggest that the novel technique of blood oxygen level-dependent
(BOLD) magnetic resonance imaging (MRI) can efficiently de-
tect still viable ‘hibernating’ renal parenchyma and predict the
positive renal functional response to renal artery revasculariza-
tion [69-71]. Future developments in this area are awaited with
interest.

Despite improvements in the diagnostic accuracy of CTA and
MRA, invasive catheter angiography remains the gold standard
method for RAS diagnosis and evaluation and it should guide the
final decision to intervene. Catheter angiography additionally en-
ables measurement of pre- and post-intervention pressure gra-
dients to establish the haemodynamic severity of the stenosis
and the possibility of treatment in the same setting and time
[19]. By expert consensus and based on studies [72, 73], an an-
glographic RAS >70% lumen stenosis is considered severe or sig-
nificant, and stenoses of 50-70% are considered moderately se-
vere and of uncertain haemodynamic significance [74]. For mod-
erately severe stenoses, confirmation of the haemodynamic sever-
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Figure 1: Kaplan-Meier curves for overall mortality in individuals with ARVD and high-risk clinical phenotypes (A: flash pulmonary oedema; B:
resistant hypertension and rapidly declining kidney function). Groups compared are patients having received PTRA versus those receiving medical

therapy only. Modified from Ritchie et al. (with permission) [32].

ity of the RAS is recommended prior to stenting [74]. A resting or
hyperaemic translesional systolic gradient >20 mmHg, a resting
or hyperaemic mean translesional gradient >10 mmHg or a renal
fractional flow reserve (RFFR) <0.8 confirms haemodynamically
severe RAS [74].

Management

ARVD management includes medical therapy with or without
renal artery revascularization.

Medical therapy

Medical management of ARVD should aim to reduce CV risk and
protect kidney function. Hypertension control is a prominent goal.
Since no clinical studies examining different BP targets have been
performed in patients with RAS, the general recommendations
should be followed [17]. With regards to antihypertensive classes,
ACEIs and ARBs are considered first-line options, as observational
studies suggest that these agents can reduce mortality risk in pa-
tients with ARVD [75-77]. However, these agents should be initi-
ated with particular care, and an estimated GFR (eGFR) decline of
>30% should prompt further evaluation of the patient for revas-
cularization, as discussed below. In cases of bilateral RAS or RAS
in solitary kidneys, ACEIs and ARBs should generally be avoided
and the patient evaluated directly for revascularization, as they
may significantly compromise renal function and there is no rel-
evant evidence in support of their use. Most often, several anti-
hypertensive agents are needed to achieve the BP targets, selec-
tion of which should follow the general guidelines and include
dihydropyridine calcium channel blockers (CCBs), diuretics of ap-
propriate class and dose, B-blockers and second-line agents [17].
Lipid-lowering agents are needed to achieve cholesterol targets
depending on total CV risk [78]. The role of antiplatelet therapy
in mitigating adverse CV outcomes in patients with ARVD has not
been tested in clinical trials, but its role is established in patients
with atherosclerotic coronary or peripheral artery disease [79],
and observational studies have shown that the use of low-dose

aspirin is associated with reduced mortality risk in patients with
ARVD [80]. Additional measures to help BP control and CV risk
reduction include smoking cessation, weight loss, regular physi-
cal exercise and reduced sodium consumption [17, 19, 81]; for all
these measures, no hard evidence from randomized controlled tri-
als (RCTs) in patients with ARVD is available.

Renal artery revascularization

The evolution of evidence in the field of revascularization for
ARVD has gone through different phases [8]. During the early
1990s, a relative enthusiasm towards the benefit of revasculariza-
tion occurred, following observational data showing significant BP
reductions and stabilization of kidney function in many individ-
uals. In later years, a few RCTs attempted to properly test the su-
periority of standard medical therapy plus PTRA with or without
stenting compared with medical therapy alone in lowering BP lev-
els or preventing adverse renal and CV outcomes in patients with
ARVD. They largely showed that PTRA had no additional benefit on
BP control, renal function and adverse CV or renal outcomes when
compared with medical therapy alone [2, 8, 82]. However, these
trials met severe criticism due to numerous limitations in study
design, methodology and execution, as discussed in detail below.
To this end, a second round of observational cohort studies exam-
ined whether PTRA would be of benefit for patients with clinical
presentation highly suggestive of functionally critical ARVD, such
as those with flash pulmonary oedema, refractory hypertension
or rapid loss of kidney function, and helped to establish a clearer
picture for current recommendations.

Observational studies

Preliminary studies of surgical revascularization for ARVD showed
significant BP reductions and stabilization of kidney function
in some individuals [83-86]. With the expansion of endovascu-
lar revascularization procedures, PTRA with stent implantation
was subsequently widely applied for ARVD, allowing treatment
of individuals deemed to be at high surgical risk [2, 86]. Several
prospective observational studies published in the late 1990s
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showed that PTRA with or without stenting was effective for BP re-
duction, with decreases in systolic BP (SBP) levels of 20-25 mmHg
[87-89], and for stabilization or improvement of kidney function
[87, 88, 90]. In an international registry of 265 consecutive pa-
tients with ARVD (>50% stenosis) treated with PTRA with stent-
ing, BP levels were reduced from 160/86 mmHg to 135/75 mmHg
after a median follow-up of 23.8 months. In addition, eGFR im-
proved in 53.9% of patients, remained unchanged in 15.5% and
continued to deteriorate in 30.6%. Patients whose eGFR or BP
improved or stabilized had lower pre-procedural SBP and more
severe stenotic lesions at baseline (longer lesion and/or higher
stenosis degree) compared with patients with worsening renal
function [91].

In addition to the above, several reports of individual cases
and cohorts showed that patients with high-risk presentations of
AVRD (flash pulmonary oedema, refractory hypertension or rapid
loss of kidney function) were those that benefit the most from
revascularization. These patients often have nearly occluded re-
nal arteries or bilateral RAS or single RAS with a solitary kidney,
and revascularization had immediate beneficial effects with sub-
stantial decreases in BP and significant improvement in kidney
function [2]. Following the publications of relevant RCTs that al-
most entirely excluded patients with ARVD and high-risk clinical
presentations, as discussed in detail below, several observational
cohort studies examined whether PTRA with stenting might be
beneficial for these individuals.

A previous prospective cohort study evaluated 467 individuals
with RAS >50% who received either medical treatment or medi-
cal treatment plus PTRA with stentingin UK, and examined future
CV events and mortality depending on the clinical presentation,
as well as the relevant treatment. Among patients receiving only
medical treatment, those who presented with flash pulmonary
oedema had a markedly increased risk of death [HR 2.2 (95% CI
1.4-3.5)] and CV events [HR 3.1 (95% CI 1.7-5.5)] compared with
patients with low-risk phenotypes (i.e. those without flash pul-
monary oedema, refractory hypertension or rapid loss of kidney
function) [32]. In the same study, PTRA with stenting compared
with medical treatment was associated with large reductions in
therisk of death [HR 0.15 (95% CI 0.02-0.9)] and CV events [HR 0.23
(95% CI 0.1-0.6)] in patients with high-risk presentations (Fig. 1),
but no apparent benefit was observed in patients without the
above high-risk presentations [HR 0.8 (95% CI0.7-1.2) and 1.0 (95%
CI 0.8-1.2), respectively]. A recent prospective cohort study inves-
tigating the effects of PTRA with stenting on ambulatory BP levels,
eGFR and HF recurrence in a group of well-defined patients with
severe ARVD (defined as RAS >70% in CTA or MRA and at least
one of the following: resistant hypertension confirmed by 24-hour
ABPM, reduction in eGFR >5 ml/min/1.73 m?/year or hospitaliza-
tion for acute decompensated HF with no obvious explanation)
demonstrated that PTRA was associated with better ambulatory
BP levels [24-hour SBP change from baseline: —25.7 mmHg (95%
CI —30.8 to —20.6)] and BP control [change in the number of anti-
hypertensive drugs: —0.9 (95% CI —1.3 to —0.5)], improved kidney
function [eGFR change: +7.2 ml/min (95% CI 3.2-11.2)] at the 24-
month evaluation and reduced hospital admissions for HF/flash
pulmonary oedema (of 17 patients with a history of hypertensive
HEF, 14 patients had no new episodes after PTRA with stenting) [92].

RCTs

The major RCTs in the field of revascularization of ARVD are
summarized in Table 2. A systematic literature search in four
major databases (PubMed/MEDLINE, Cochrane/CENTRAL, Sco-
pus and Web of Science) up to February 2023 was conducted

using various combinations of the following keywords: ‘random-
ized controlled trial’, ‘atherosclerosis’, ‘atherosclerotic’, ‘renal
artery stenosis’, ‘endovascular’, ‘angioplasty’, ‘surgical interven-
tion’, ‘revascularization’, ‘stent’. An example of the search strat-
egy used is presented in Supplementary Table 1. In addition, a ref-
erence search was carried out to identify additional publications
by screening reference lists. Eligible studies were RCTs includ-
ing adult patients with ARVD randomized to either PTRA (with
or without stenting) or medical therapy. Non-randomized com-
parisons, observational studies or trials comparing surgical inter-
ventions with either PTRA or medical therapy were excluded. Two
authors (M.T. and P.S.) independently screened the records by title,
abstract and full text to identify eligible publications. The flow di-
agram of the study selection process is depicted in Supplementary
Fig. 1.

In the Dutch Renal Artery Stenosis (DRASTIC) study, 106 pa-
tients with ARVD (defined as lumen stenosis >50%) with normal or
mildly impaired renal function were randomly assigned to PTRA
or medical therapy [93]. No significant between-group differences
in BP levels were detected at 3 and 12 months. However, almost
half of the patients from the medical therapy group crossed over
to the intervention group after 3 months due to uncontrolled BP
despite treatment with three or more drugs or due to deterioration
in renal function [2, 8]. In the Essai Multicentrique Medicaments
vs Angioplastie (EMMA) [94] and the Scottish and Newcastle Re-
nal Artery Stenosis Collaborative Group studies [95], no additional
benefit from PTRA in addition to medical therapy in terms of BP
control was shown, although in EMMA a lower number of anti-
hypertensive medications was required in the active group and
PTRA was associated with lower BP levels in patients with bilateral
ARVD. These studies also had significant limitations, mainly rele-
vant to a properly followed patient inclusion process. In EMMA, 27
of 76 originally eligible patients were excluded because of unex-
plained ‘physician refusal’ [94], while in the Scottish and Newcas-
tle study, only 55 of the initial 135 eligible patients considered were
finally randomized in the study protocol; the remaining subjects
were not randomised because of unclarified ‘critical renal status’,
‘unstable BP’ or unexplained ‘multiple medical problems’ [95].
The Nephropathy Ischemic Therapy (NITER) trial [96] included pa-
tients with hypertension, GFR >30 ml/min and RAS >70%. It pre-
maturely terminated with only 51 patients being enrolled (of 80
participants that were initially planned) due to slow enrolment
and reported no primary results. A post hoc analysis [97] strati-
fied patients into two groups according to median urinary albu-
min levels (<0.04 g/24 h or >0.04 g/24 h) and showed no differ-
ences between PTRA with stenting and medical treatment alone
in the composite of all-cause mortality, dialysis and CV events in
the high albuminuria group, but event-free survival rates of 83%
versus 45%, respectively, in the low albuminuria group.

A decade later, two multicentre studies compared PTRA with
stenting plus medical therapy versus medical treatment alone
for the prevention of kidney disease progression in patients with
ARVD. The Stent Placement for Atherosclerotic Stenosis of Renal
Artery (STAR) trial randomly assigned 140 patients with ARVD
(defined as a reduction in the luminal diameter of the renal
artery >50%), normal or impaired renal function (estimated cre-
atinine clearance <80 but >15 ml/min/1.73 m?) and controlled
BP while receiving a stable medication dosage in the month be-
fore inclusion [9]. The primary outcome was a 20% decrease
in creatinine clearance during a 2-year follow-up. There was
no difference between the two groups in the primary and sev-
eral secondary endpoints, including changes in BP, incidence of
refractory or malignant hypertension, pulmonary oedema, CV
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Table 2: Major RCTs of PTRA with and without stenting versus medical therapy in ARVD.

Study ID Design N Endpoints Results
EMMA Multicentre RCT 49 Primary: mean 24-h BP No significant difference in ambulatory
Plouin et al., 1998 No blinding of intervention Secondary: number and DDD of BP
Standardized medical antihypertensive drugs, PTRA: fewer antihypertensive drugs (1.0
treatment creatinine clearance, rate of versus 1.78; P < .01), higher
FU: 6 months occluded arteries, complications complication rate
SNRASCG Multicentre RCT 55 Primary: office BP, serum creatinine PTRA: significant BP reduction only if
Webster et al., 1998 No blinding of intervention Secondary: number bilateral RAS; no significant difference
Standardized medical antihypertensive drugs, in CV events or renal function
treatment complications 20% participants assigned to PTRA had a
FU: 6 months surgery
DRASTIC Multicentre RCT 106 Primary: mean office BP No significant difference in SBP and DBP
Van Jaarsveld et al., No blinding of intervention Secondary: number and DDD of PTRA: fewer antihypertensive drugs (1.9
2000 FU: 12 months antihypertensive drugs, serum versus 2.4; P < .01)
creatinine, restenosis, 44% of participants assigned to medical
complications therapy underwent revascularization
at 3 months if DBP >95 mmHg despite
three or more antihypertensive drugs
Only 3.6% stenting
NITER Multicentre RCT, prematurely 51 Primary: composite of all-cause Low albuminuria group (n = 26):
Scarpioni et al., terminated mortality, CV events, dialysis event-free survival 83% in PTRA versus
2005 45% in medical therapy (P = .501)
*from post hoc High-albuminuria group (n = 25):
analysis published event-free survival 64% in PTRA versus
in 2018 52% in medical therapy (P = .644)
STAR Multicentre RCT 140 Primary: worsening of renal No significant difference in renal
Bax et al., 2009 No blinding of intervention function (>20% decline in eCrCl function, BP, CV mortality and
FU: 24 months with Cockcroft-Gault formula) morbidity
Secondary: office BP, incidence of 28% of participants allocated to PTRA did
refractory or malignant not undergo revascularization, mainly
hypertension, pulmonary due to minimal stenosis
oedema, CV morbidity, CV 1.3% crossover
mortality, total mortality
ASTRAL Multicentre RCT 806 Primary: renal outcome (reciprocal No significant difference in renal
Wheatley et al., No blinding of intervention of serum creatinine) function, BP, CV events and mortality
2009 Medical treatment was not Secondary: office BP, time to 17% of participants allocated to PTRA,
standardized renal and major CV events and did not undergo revascularization
Median FU: 34 months mortality, complications 6% crossover
RASCAD Single-centre RCT 84 Primary: change in No significant difference in change in
Marcantoni et al., Single-blinded echocardiographic LVMI LVMI, BP, eGFR, CV events and
2012 Standardized medical Secondary: LV function, CV events mortality
treatment and mortality, BP control, kidney
FU: 12 months function
CORAL Multicentre RCT 947 Primary: composite of adverse fatal No significant difference in primary
Cooper et al., 2014 No blinding of intervention and non-fatal CV and renal composite endpoint, any of individual
Standardized medical events components of primary endpoint or
treatment Secondary: all-cause mortality, SBP, all-cause mortality
Median FU: 43 months restenosis, renal resistance Almost 17% of participants either
index, QOL, cost-effectiveness withdrew or were lost to follow-up
5.4% of participants allocated to PTRA
did not undergo revascularization
4% of participants allocated to medical
therapy crossed over
RADAR Multicentre RCT 86 Primary: change in eGFR at 12 Non-significant between-group

Zeller et al., 2017

No blinding of intervention

Standardized medical
treatment

FU: 3 years

Prematurely terminated

months

Secondary: technical/procedural
success, LVMI, BP, renal
resistance index, kidney length,
restenosis, QOL, NYHA
classification, CV events and
mortality, renal events and
mortality, revascularization

differences in eGFR change at
12 months and the secondary
endpoints

At 3 years, 29.4% from the medical group
underwent revascularization (versus
3.0% in the PTRA group)

DDD: daily defined dose; eCrCl: estimated creatinine clearance; FU: follow-up; LVMI: left ventricular mass index; NYHA: New York Heart Association; QOL: quality

of life.
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events and all-cause mortality. Again, however, almost one-third
of the patients in the intervention group had a stenosis <50% at
the time of angiography and were not eventually treated. Further,
30% of patients included in the medical therapy group and 44%
in the stent group had arterial occlusion to a small or shrunken
kidney, or both, although renal size <8 cm was an exclusion
criterion [2, 9].

The Angioplasty and Stenting for Renal Artery Lesions (AS-
TRAL) trial assigned 806 patients with evidence of renovascular
disease and ‘substantial’ anatomical atherosclerotic stenosis
(degree of stenosis not predefined) in at least one renal artery
to revascularization plus medical therapy or to medical therapy
alone [10]. The primary outcome was renal function, as mea-
sured by the reciprocal of the serum creatinine level (a measure
that has a linear relationship with creatinine clearance). After
S years of follow-up, there were no significant improvements
in BP or reductions in the incidence of renal or CV events or
mortality in the revascularization group and the benefits in
terms of renal function were not clinically significant. However,
the ASTRAL trial did not answer the question of intervention
in severe ARVD. Patients were enrolled if there was a stenosis
of >70% by non-invasive evaluation only ‘if the physician was
uncertain if there would be benefit’ [10]. Thus patients considered
likely to benefit from revascularization were excluded [2, 8]. In
this context, <50% of the participants met current criteria for
resistant hypertension. Moreover, 40% of the patients at angiog-
raphy did not meet entry criteria for severe RAS. The average
degree of stenosis was 76% (range 40-100) and 75% (range 20-99)
in the revascularization and the medical treatment groups,
respectively [10].

In the Renal Artery Stenosis in Coronary Artery Disease (RAS-
CAD) trial [98], 84 patients undergoing cardiac catheterization
for ischaemic heart disease and who had renal artery steno-
sis >50% but <80% were randomized to revascularization plus
standard medical therapy versus medical therapy alone. After
1 year, there was no significant difference in the primary out-
come between groups, i.e. change in echocardiographic left ven-
tricular mass index. The study had no inclusion criterion rel-
evant to hypertension or other ARVD phenotypes, had slow
enrolment rates and a final population that was half of that
planned.

The multicentre Cardiovascular Outcomes with Renal
Atherosclerotic Lesions (CORAL) study [11] originally aimed
to enrol 947 patients with ARVD and either uncontrolled systolic
hypertension while taking two or more antihypertensive drugs
or CKD and RAS >80% but <100% of the diameter or RAS >60%
but <80% with a systolic pressure gradient >20 mmHg. The
primary endpoint was a composite of death from CV or renal
causes, myocardial infarction, stroke and hospitalization for CHF,
progressive renal insufficiency or the need for renal replacement
therapy. The CORAL study replicated the findings of the STAR and
ASTRAL trials and also showed no additional benefit in the com-
posite primary endpoint when compared with medical therapy
alone. However, again, several methodological issues appeared.
Similar to the other clinical trials, patients with a presentation
suggestive of critical RAS (flash pulmonary oedema, refractory
hypertension or rapid loss of kidney function after ACEI/ARB
use) were excluded. Several protocol modifications to expand
the inclusion criteria were made due to very slow enrolment.
Uncontrolled hypertension was no longer required and >25%
of patients were already at goal. Angiographically documented
stenosis was no longer an inclusion criterion and in one out of
four patients the diagnosis was based only on renal ultrasound.

Table 3: Major limitations of RCTs in the field of ARVD.

¢ Non-standardized inclusion criteria

e Inclusion of patients with mild/asymptomatic RAS, mild
hypertension or advanced CKD

e Exclusion of patients with clinical presentation suggestive of critical
RAS (recurrent flash pulmonary oedema, resistant hypertension,
progressive renal function decline)

e Great variability between and within study protocols in imaging
techniques of RAS diagnosis and evaluation, often resulting in
overestimation of the degree of stenosis

e Enrolment delays

e Protocol revisions during the trial

e High crossover rates between treatment arms

e Low event rates of major outcomes

As such, although a stenosis >70% was an inclusion criterion,
the CORAL cohort had a mean RAS of 67%, with <50% of patients
having severe disease (>80% stenosis). Lastly, the more recently
published RADAR trial [99], including 86 patients with ‘hemody-
namically relevant’ RAS and a follow-up period of 3 years, showed
no significant differences between PTRA with stenting plus best
medical treatment versus medical treatment alone in all studied
outcomes. However, this trial was also terminated due to very
slow enrolment (86 of the 300 initially scheduled participants)
and had high crossover rates (29.4% of patients in the medical
group underwent revascularization).

Major limitations of RCTs in the field and
evolution of treatment practices

The aforementioned RCTs attempted to properly examine
whether revascularization of the renal artery is superior or not
to medical treatment alone in ARVD. An objective reader should
note that investigators of more recent trials tried to avoid the
limitations of early RCTs; this is exemplified in the original de-
sign of the CORAL trial, which included a large population, a
clinically relevant cardiorenal primary endpoint and required
both resistant hypertension and angiographically documented
severe RAS [11]. However, the complexity of the disease under
study led to very slow recruitment and protocol amendments
that introduced bias. Overall, a set of major limitations are com-
mon for these RCTs [2, 32, 100-102] (Table 3). All of them had
non-standardized inclusion criteria, resulting in enrolment of
large numbers of patients with mild/asymptomatic RAS, mild hy-
pertension or advanced CKD with small kidneys, i.e. individuals
with almost certain absence of benefit from RAS revasculariza-
tion. The presence of systematic biases in radiological assess-
ment of RAS and poor laboratory proof of critical RAS is also
highly possible, as there was large variability not only between,
but also within study protocols in imaging techniques used for
RAS diagnosis and evaluation, often resulting in overestimation
of the degree of stenosis. Additional methodological limitations
include a large number of patients fulfilling the inclusion criteria
that were not randomized based on investigators’ judgment with-
out specific justification. Large enrolment delays were present
for all major trials and led to protocol amendments during the
trial that greatly changed the composition of the studied pop-
ulation. Further, high crossover rates between the study arms
and low event rates for major outcomes were present in several
cases [2, 32, 100-102].

Overall, the diverse trials also demonstrated the difficulties en-
countered in performing trials in subjects with ARVD, even before
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accounting for additional issues such as the potential variabil-
ity in the level of expertise of physicians performing the proce-
dures. In this regard, the few additional clinical trials examining
possible benefits of revascularization in the field of ARVD identi-
fied in a systematic search of databases of clinical trials (Supple-
mentary Table 2) appear to have been terminated without pub-
lishing results. As such, no major input in the field from major
trials can be anticipated in near future.

The most important problem arising from the aforementioned
RCTs is a large misinterpretation of their results by the medical
community. As discussed, they have almost entirely excluded pa-
tients with clinical presentations highly suggestive of functionally
important RAS, such as those with flash pulmonary oedema, re-
fractory hypertension or rapid loss of kidney function after use of
an ACEI or ARB. Although that this was a conscious and ethical
choice, on the basis that the investigators truly considered these
individuals to have a clear indication for revascularization, the
fact that their results cannot be extrapolated to these specific sub-
sets of patients with high-risk phenotypes was not properly em-
phasized. Thus these publications rather gave rise to widespread
doubt of the utility of PTRA and many selected patients that could
have significantly benefited, were deprived of the procedure [2, 8,
82]. To this end, several guideline and consensus documents in re-
cent years have provided detailed recommendations against this
nihilistic view of PTRA, indicating that revascularization should
be performed in specific patient groups [19, 74, 103-106], as dis-
cussed in detail below.

Clinical phenotypes of ARVD that may benefit
from revascularization

Based on the totality of the available evidence, there are several
clinical phenotypes of ARVD that may benefit from revasculariza-
tion: resistant hypertension, HF, patients with rapid deterioration
of renal function and kidney transplant recipients (KTRs).

Resistant hypertension

Resistant hypertension is associated with increased risk of CV
events and mortality and is most often due to secondary types of
hypertension [17, 40]. The prevalence of ARVD is estimated to be
14-24% in patients with severe or resistant hypertension [14-16],
but no RCT in the field included solely patients with properly
defined resistant hypertension. Multiple prospective and retro-
spective studies of patients with ARVD and resistant hypertension
who underwent PTRA indicate that BP levels and antihyperten-
sive pill burden were significantly reduced after revascularization
[2]. In a retrospective uncontrolled single-centre study in 72
patients with ARVD and resistant hypertension, PTRA with or
without stenting significantly decreased ambulatory BP levels by
14.0 £ 17.3/6.4 + 8.7 mmHg and the number of antihypertensive
drugs (from 4.0 &+ 1.0 to 3.6 £+ 1.4) [107]. In an international reg-
istry (2001-2009) including 265 consecutive patients with ARVD
(>=50% de novo stenosis) and at least one of the following: mean
SBP >160 mmHg on at least three anti-hypertensive medications
including a diuretic, eGFR <60 ml/min/1.73 m?, or unexplained
CHF or recurrent acute pulmonary oedema that was treated by
PTRA with stenting [91], BP was reduced from 160/86 mmHg
to 135/75 mmHg. Finally, in the aforementioned study of 467
patients from Ritchie et al. [32], revascularization was associated
with improved survival in patients with the combination of
rapidly declining renal function and refractory hypertension [HR
for death 0.15 (95% CI 0.02-0.9), P = .04].

HF

ARVD is highly prevalent in HF, occurring in 54% of outpatient in-
dividuals with HF with reduced EF [108] and in 34% of patients
>70 years of age with hospitalization for acute systolic HF [108].
Two small secondary analyses of ASTRAL showed no difference
between groups in cardiac structure and function, assessed ei-
ther by echocardiography or MRI [109, 110]. However, as discussed
above, HF was underrepresented in the large RCTs [2] and no
imaging RCTs including solely patients with HF and RAS are avail-
able. Several case reports reported significant improvements in
cardiac morphology and function after renal artery revascular-
ization in patients with severe bilateral renal artery stenosis pre-
senting with flash pulmonary oedema [111, 112]. Another obser-
vational analysis from the UK in 611 patients with RAS >50%
(of which 152 patients had coexisting HF without previous pul-
monary oedema) showed a large difference in mortality risk be-
tween PTRA and standard medical therapy for those with HF [HR
0.6 (95% C10.3-0.9)] and non-significant reductions for those with-
out [HR 0.8 (95% CI0.5-1.1)] [113]. Furthermore, the HR for hospital
admission for HF overall in revascularised patients was 0.2 (95%
CI0.0-1.1, P = .06). In 152 patients with HF but without previous
acute pulmonary oedema, the HR for death after revasculariza-
tion compared with medical therapy was 0.76 (95% CI 0.58-0.99)
[114]. In another observational study in 163 patients, PTRA with
stenting was associated with a significant decrease in the New
York Heart Association functional class (1.9 + 0.8 versus 2.6 & 1.0;
P < .04) and a 5-fold reduction in the number of hospitalizations
compared with medical treatment [53]. These data suggest that
revascularization of RAS in HF is associated with a substantial
reduction in all-cause mortality and hospital admission and call
for an RCT of renal artery revascularization versus medical ther-
apy in patients with RAS and HF. Until such evidence is avail-
able, on the basis of existing observational data and expert opin-
ion, recurrent hospitalizations for HF and/or pulmonary oedema
with severe ARVD are considered indications for PTRA. Of note,
all this published experience preceded the introduction of several
newer agents that constitute the current standard of therapy for
HF, such as sacubitril-valsartan or sodium-glucose cotransporter-
2 inhibitors [115, 116].

Patients with rapid deterioration of kidney function

Patients with rapid deterioration of kidney function and ARVD
may benefit from revascularization, as has been shown by sev-
eral small studies, case series and case reports [100, 117-120]. In
selected patients with advanced CKD or recent initiation of dialy-
sis, revascularization can also be beneficial in stabilization or sig-
nificant recovery of kidney function [100, 118, 120-122]. Of note,
participants who presented improved kidney function after PTRA
with stenting have a lower risk of death and multiple CV and re-
nal complications, as recently demonstrated in a subgroup analy-
sis of the CORAL trial [123]. Most reports of salvage of renal func-
tion apply to patients with renovascular disease affecting the total
functional mass (e.g. a solitary functioning kidney or high-grade
bilateral disease) [90, 124]. Some patients continue to have relative
preservation of renal size despite high-grade vascular occlusion.
Preservation of volume may be related to the presence of collat-
eral vessels that develop to replace a minimum level of perfusion,
but most commonly indicate a stenosis that has recently become
severe and functionally critical. As such, the reversibility of dam-
age is time dependent and, regarding the patients who were re-
celving dialysis, there is a consensus to avoid revascularization in
those on dialysis for >3 months [19].
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KTRs

The occurrence of transplant RAS ranges from 1 to 23% and is as-
sociated with poor graft and patient survival [125, 126]. Endovas-
cular treatment of transplant RAS is effective. Long-term graft
and patient survival after endovascular correction of transplant
RAS were similar to those without transplant RAS and most pa-
tients avoided returning to dialysis [127]. In a study from 1999,
the incidence of transplant RAS was 6.6%, the technical success
of angioplasty was 92.3% and restenosis occurred in 23.1%,; revas-
cularization resulted in improved BP control and improved renal
function. The 8-year patient (100% versus 98.6%, respectively) and
graft (88.1% versus 88.9%, respectively) survival rates were sim-
ilar in patients with and without transplant RAS [128]. In a re-
cent single-centre study including 62 patients undergoing PTRA
for transplant RAS, the patency rates were 85% at 1 year and al-
lograft survival rates were 97% at 1 year, 89% at 5 years and 85%
at 10 years [129]. In a recent study, 65 cases of RAS were identi-
fied from 1072 patients who underwent kidney transplantation.
One-year clinical success according to renal outcome and BP re-
duction was 78.5% and 49.2%, respectively. Both renal outcome
(79.4% versus 77.4%; P = .845) and BP reduction (40.6% versus
58.1%; P = .166) at 1 year were similar between the PTRA and PTRA
with stenting groups. Event-free survival for composite of kidney
transplant graft failure or transplant renal artery restenosis was
significantly higher in PTRA with stenting at 1 year, but similar
between groups at 10 years [130].

Antithrombotic therapy following PTRA

The type and duration of antithrombotic therapy after renal
artery PTRA has not been studied in specific RCTs. In the afore-
mentioned trials comparing PTRA with stenting to medical treat-
ment, different types of antithrombotics were used in most (but
not all) patients included in the intervention arm, such as low-
dose aspirin monotherapy [9] or combinations of low-dose aspirin
with clopidogrel or ticagrelor [11, 99]. One observational study re-
ported a trend towards fewer secondary procedures for revascu-
larization failure if the initial stenting was followed by dual an-
tiplatelet therapy [131]. Of note, the various stent devices (bare
metal, drug eluting etc.) require different types and duration of
antiplatelet treatment and the majority of patients with ARVD
have additional atherosclerotic lesions on other vascular beds
(coronary, carotid or peripheral arteries) that could have been pre-
viously treated with intravascular or open surgical procedures
and require antithrombotic therapy [104]. In the absence of tri-
als directly assessing the effects of dual versus single antiplatelet
therapy after renal PTRA with stenting, antithrombotic therapy
should be chosen in collaboration of the interventionists and the
treating nephrologists and cardiologists on an individualized ba-
sis, taking into account all the patient’s comorbidities, as well as
the thrombotic and bleeding risk. In everyday clinical practice,
a combination of clopidogrel and low-dose aspirin is empirically
prescribed in most centres, typically from 1 to 3 months, pro-
longed in some cases up to 1 year, after which single antiplatelet
therapy is used [104].

Complications of PTRA

With technical improvements in recent decades, complication
rates of PTRA have decreased and occur in ~5% of patients [132].
Most complications are minor and related with the vascular ac-
cess site, usually the femoral artery (i.e. haematoma). Catas-
trophic events such as atheroemboli, dissection, renal artery rup-
ture and thrombosis are rare [132]. Atheroembolism represents a

common complication of any patient with atherosclerotic disease
and may occur spontaneously irrespective of PTRA [133]; how-
ever, any catheter manipulation during the procedure increases
the relative risk. Some studies have demonstrated that atheroem-
boli can be prevented by using embolic prevention [134-138]. The
only prospective and randomized trial testing embolic prevention
device (EPD) efficacy showed no differences in kidney function be-
tween renal artery stenting alone, stenting with EPD and stenting
with glycoprotein IIb/IIIa inhibitors [139]. Arterial dissection and
arterial perforation or rupture are rare complications that usually
are successfully treated with an additional stent or a covered stent
graft, respectively, without requiring surgery [132]. Finally, con-
trast medium-induced nephropathy occurs in <5% of patients un-
dergoing PTRA,; regular prevention measures with normal saline
hydration should be incorporated if the patient is not fluid over-
loaded [140-142].

Surgical revascularization

High-quality evidence on the use of surgical revascularization
for ARVD is scarce, since all major RCTs examined the efficacy
and safety of PTRA [19]. A previous meta-analysis included 47
studies comparing open surgical revascularization versus PTRA
for ARVD and showed a higher rate of improvement in kidney
function with surgery but a 3.1% higher perioperative mortal-
ity [143]. In agreement with interventions in other vascular beds,
open surgical revascularization should be limited to patients
with recurrent stenosis after percutaneous interventions (as dis-
cussed below), patients not suitable for PTRA as a result of com-
plex anatomy [144] or patients undergoing scheduled open re-
pair for other diseases, most commonly with an abdominal aortic
aneurysm [145].

Follow-up after revascularization

The initial clinical response to PTRA should be evaluated within
the first week after the intervention [146]. Antihypertensive med-
ications, kidney function and/or cardiac symptoms should be re-
assessed at follow-up and screening for restenosis should be con-
sidered in case of unexplained BP increase, kidney function de-
cline, episode of pulmonary oedema or other symptoms/signs
suggestive of renovascular stenosis. Restenosis is one of the ma-
jor complications that can occur at any time after PTRA. The
incidence rates of restenosis are not clear and range from 6 to
60% [147]. Despite initial reports suggesting that in-stent steno-
sis occurs early after PTRA, studies with longer follow-up periods
showed that rates of restenosis within 1 year and within 5 years
were 20% and 32%, respectively [148]. A number of clinical (i.e.
smoking, obesity, non-adherence to standard medical therapy, fe-
male sex), technical (i.e. stent type, mismatched stent and le-
sion, high residual stenosis) and vessel-related (i.e. vessels with
a diameter <5 mm, long lesion/stent, fibrosis/plaque adjacent to
stent) risk factors have been identified [147]. Surveillance with
renal artery duplex ultrasound is suggested in all patients with
renal artery stents to assess patency. The presence of risk fac-
tors for in-stent stenosis can guide the timing and frequency of
screening. Previous ungraded recommendations suggest that all
patients should undergo duplex ultrasonography soon as after
PTRA is performed, to establish baseline parameters and patency;
surveillance studies at 6 months and 1 year, then at least yearly
thereafter, are suggested [147]. For patients in whom duplex ul-
trasonography does not provide accurate data regarding vessel
patency, CTA or angiography could be considered when clinical
questions on restenosis arise.
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Table 4: Evaluation of the possible viability of the kidney with ARVD following revascularization.

Variable Likely to benefit Unlikely to benefit
RAS degree >70% <50%
Kidney length (cm) >8 cm? <7 cm
Renal resistive index <0.8 >0.8

Cortical thickness

Cortex distinct, e.g. >0.5 cm

Loss of corticomedullary differentiation, no cortex

aThe suggested kidney length thresholds are relevant to individuals with average body habitus (i.e. body surface area ~1.73 m?). For patients with very high or very
low body mass, possibly consider the ratio of kidney length to the patient’s body mass index or body surface area to approximate kidney size in relation to patient’s

body habitus.

Table 5: Indications of PTRA in patients with ARVD.

Table 6: Areas for further clinical research in the field of ARVD

Strong indications
e High-grade (>70%) RAS in association with one of the following
criteria:

¢ Resistant hypertension
¢ New-onset or recently uncontrolled hypertension
¢ Acute pulmonary oedema or acute decompensated HF
¢ Rapid decline of eGFR (bilateral stenosis or solitary kidney)
* ACEI or ARB intolerance (>30% eGFR reduction)
¢ Renal replacement treatment (with possibly viable renal
parenchyma) if
stenosis detected <3 months after renal replacement treatment or
if uncontrolled hypertension with multiple (five or more)
antihypertensive agents
e AKI due to acute renal artery occlusion or high-grade stenosis
e Kidney transplant with RAS
Moderately strong indications
e High-grade (>70%) RAS in association with one of the following
criteria:

e Chronic HF

e Asymptomatic but either bilateral or supplying a solitary kidney
with viable renal parenchyma (non-atrophic kidney, distinct renal
cortex)

Clinical practice recommendations

As discussed above, in view of the results and the possible limita-
tions of RCTs in the field, as well as several pieces of observational
data showing that PTRA is associated with renal and CV benefits
in patients presenting with high-risk ARVD phenotypes, a progres-
sive shift in relevant recommendations from different bodies has
occurred in recent years [8]. The present group of experts suggests
a careful evaluation of the degree of the stenosis and the viability
of the renal parenchyma of the stenotic kidney in candidates for
revascularization, as described in Table 4. In addition, we suggest
a personalized approach to select patients who will benefit from
revascularization based on the strong and moderately strong in-
dications described in Table 5. Additional parameters that should
be taken into account to estimate overall renal and cardiovascular
benefit should include the patient’s age, duration of hypertension,
presence of proteinuria and presence of comorbid conditions from
other organs.

CONCLUSIONS AND FUTURE PERSPECTIVES

ARVD is a common clinical problem with clinical presentations
relevant to many medical specialties and important prognostic
associations. In contrast to previous RCTs, several pieces of obser-
vational data showed that PTRA in addition to medical therapy is
associated with future renal and CV benefits in patients present-

¢ RCTs enrolling patients with haemodynamically significant ARVD
and high-risk clinical presentations, with true renovascular
hypertension rather than patients with primary hypertension and
incidental RAS through a wider and more systematic use of the
translesional pressure gradient

e Studies testing the impact of functional non-invasive imaging, such
as BOLD MR, to identify patients more likely to benefit from
revascularization

¢ Studies examining the efficacy of PTRA on moderate versus advanced
CKD

e Studies establishing the optimal timeline of revascularization to
avoid delay-related ineffectiveness

¢ Studies identifying predictors of PTRA benefit

e Studies evaluating the efficacy of PTRA in combination with novel
therapeutic strategies (e.g. targeting inflammation-related pathways,
mesenchymal stem cells or angiogenic/growth factors)

ing with high-risk ARVD phenotypes. As such, based on the best
available evidence, PTRA should be offered in selected individuals
after careful evaluation. Future studies in the field should focus
on several issues requiring further investigation that include but
are not limited to those presented in Table 6.

SUPPLEMENTARY DATA

Supplementary data are available at ndt online.
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