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Abstract After three large neutral trials in which renal artery
revascularization failed to reduce cardiovascular and renal mor-
bidity and mortality, renal artery stenting became a therapeutic
taboo. However, this is probably unjustified as these trials have
important limitations and excluded patients most likely to benefit
from revascularization. In particular, patients with severe hyper-
tension were often excluded and resistant hypertension was either
poorly described or not conform to the current definition.
Effective pharmacological combination treatment can control
blood pressure in most patients with renovascular hypertension.
However, it may also induce further renal hypoperfusion and
thus accelerate progressive loss of renal tissue. Furthermore, case
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reports of patients with resistant hypertension showing substan-
tial blood pressure improvement after successful revasculariza-
tion are published over again. To identify those patients who
would definitely respond to renal artery stenting, properly de-
signed randomized clinical trials are definitely needed.
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Abbreviations

ACEi ACE inhibitors

AHA American Heart Association
ARAD Atherosclerotic renal artery disease
ARAS Atherosclerotic renal artery stenosis
ARB Angiotensin II receptor antagonists

BP Blood pressure

CKD Chronic kidney disease

CHF Congestive heart failure

CI Confidence interval

Ccv Cardiovascular

eGFR Estimated glomerular filtration rate

ESH/ESC European Society of Hypertension/
European Society of Cardiology

FMD Fibromuscular dysplasia

GFR Glomerular filtration rate

HF Heart failure

HTN Hypertension

HR Hazard ratio

MDRD Modification of Diet in Renal Disease

MRI Magnetic resonance imaging

NYHA New York Heart Association

PTRAS Percutaneous Transluminal Renal Angioplasty
and Stenting

RAAS Renin-angiotensin-aldosterone system
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RAS Renal artery stenosis

RCT Randomized controlled trial
RHTN Resistant hypertension
RVH Renovascular hypertension
uUsS Ultrasound

The authors of this review make the case for revascularization in
patients with atherosclerotic renal artery stenosis (ARAS) and
resistant hypertension (RHTN) and emphasize the need for
well-designed randomized trials to test benefits of stenting in this
poorly explored indication. Fibromuscular dysplasia (FMD) will
not be covered as all major trials refer to atherosclerotic disease.
Furthermore, hypertension (HTN) cure after revascularization is
much more common in FMD than in ARAS [1, 2¢].

Pathophysiology of Renal Artery Stenosis
and Rationale for Revascularization

The prevalence of renovascular hypertension (RVH) is estimated
at 5% of all hypertensive persons but varies depending on the
screened cohort from <1% in mild to >50% in severe HTN [3].
The most common causes of renal artery stenosis (RAS) are
atherosclerotic renal artery disease (ARAD) and FMD in a 9/1
ratio [2e, 3]. The prevalence of ARAS is particularly high in
patients with documented atherosclerotic disease (up to 18% in
coronary artery disease and 25% in peripheral artery disease),
end-stage renal failure (up to 41%), and heart failure (up to
54%) [4]. The prevalence of renal FMD varies between <1 to
6% depending on the cohort studied [5], but for aforementioned
reasons will not be discussed further.

Progressive atherosclerotic stenosis of the renal artery leads to
hypoperfusion of the juxtaglomerular apparatus, which in its turn
stimulates the renin-angiotensin-aldosterone system (RAAS) and
subsequently increases sympathetic nerve activity, synthesis of
intrarenal prostaglandin, aldosterone, and nitric oxide, and de-
creases renal sodium excretion, resulting in vasoconstriction
and secondly in sodium and water retention, causing HTN [6].
On the long run, impaired renal blood flow leads to rarefaction of
post-stenotic distal arterioles, renal fibrosis, kidney atrophy, and
decreased glomerular filtration rate (GFR) [7]. Furthermore, in
unilateral disease, the non-stenotic contralateral kidney may be
exposed to higher pressures and blood flows, resulting in hyper-
tensive arteriolosclerosis [8¢].

Notably, however, not every RAS is responsible for an eleva-
tion in blood pressure (BP). Since renal hypoperfusion is neces-
sary for the chain of events described above, BP elevation de-
pends on the degree of the lumen reduction [9]. Only a critical
degree of arterial stenosis produces kidney ischemia sufficient to
activate this hormonal system. This implies that the diagnosis of
RVH is based a priori on clinical and radiological arguments and
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can only be confirmed retrospectively when BP is lower than it
was before the intervention [10].

Revascularization of Stenotic Renal Arteries Did Not
Meet Its Expectations in Randomized Controlled
Trials

Until a recent past, the increasing incidence of chronic kidney
disease (CKD) due to ARAD, amplified by uncontrolled BP, the
associated higher risk of cardiovascular (CV) disease and mor-
tality, and the wide availability of endovascular revascularization
techniques have encouraged widespread use of Percutaneous
Transluminal Renal Angioplasty and Stenting (PTRAS) in hy-
pertensive patients with ARAS [11]. Renal revascularization for
RAS was anticipated to restore blood flow, improve BP and
kidney function, according to the pathophysiology of the
Goldblatt kidney [12]. Actually, this is the case for RAS due to
FMD, with a probability of HTN cure depending on age and
duration of HTN [1]. For ARAS Ilesions, the clinical response
to revascularization is much less predictable. Despite decades of
expertise in treating RAS, uncertainty still exists whether, besides
maximal medical therapy, revascularization is warranted or not
[13]. While observational and not randomized controlled studies
often showed a significant reduction in BP, and/or in the number
of antihypertensive drugs, and/or in serum creatinine after
PTRAS, the randomized controlled trials (RCT) were less con-
vincing (Tables 1, 2, and 3) [10, 14-16]. The meta-analysis of
Caielli et al. included seven studies comprising a total of 2155
patients (1741 at follow-up). Compared with baseline, diastolic
BP fell more at follow-up in patients in the endovascular than in
the medical treatment arm (standard difference in means —0.21,
95% confidence interval (CI) —0.342 to —0.078, p = 0.002) de-
spite a larger reduction in the mean number of antihypertensive
drugs (standard difference in means —0.201, 95% CI —0.302 to
—0.1, p < 0.001). However, these changes were of little clinical
relevance. Follow-up changes of systolic BP, serum creatinine,
and incident CV event rates did not differ between treatment arms
(Figs. 1 and 2) [14].

These disappointing results may be partly explained by the
complexity of interactions between the RAAS, oxidative stress
and inflammation, with accumulation of downstream irreversible
cortical damage via oxidative stress injury, vascular rarefication,
and the recruitment of profibrotic mediators [17¢, 18ee, 19].
However, at least in some subgroups of patients, the jury is still
out. Indeed, all randomized studies of renal artery revasculariza-
tion have been criticized on grounds of inadequate number of
participants, non-standardized inclusion criteria (e.g., in
ASTRAL, no clear definition of uncontrolled/refractory HTN
was given), inadequate selection of patients (exclusion of
“high-risk” patients, wide range of kidney function between 15
and 80 mL/min (see Table 1)), inclusion of patients with mild
RAS or poor assessment of stenosis severity (see Table 1), patient
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SYSTOLIC BLOOD PRESSURE

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper Relative

in means error Variance limit limit Z-Valuep-Value weight
EMMA -0.217 0316 0,100 -0.836 0.402 -0.688 0,492 247
DRASTIC -0.089 0.237 0,056 -0.553 0.374 -0.377 0,706 4,40
STAR -0.044 0.180 0,032 -0.396 0.308 -0.248 0.804 7.63
ASTRAL -0.033 0.078 0,006 -0.186 0.120 -0.425 0,671 40,41
CORAL -0.048 0.074 0,005 -0.192 0.097 -0.645 0,519 45,09

-0.048 0.050 0,002 -0.145 0.050 -0,959 0,338

-1,00 -0,50 0,00 0,50 1,00
Favours endovasc. tx Favours medical tx

A
DIASTOLIC BLOOD PRESSURE
Study name Statistics for each study Std diff in means and 95% Ci
Std diff Standard Lower Upper Relative
inmeans error Variance limit limit Z-Value p-Value weight
EMMA -0.549 0.320 0,103 -1.177 0.079 -1.712 0,087 4,40
DRASTIC -0.404 0.239 0,057 -0.872 0.064 -1694 0,090 = 7,94
STAR -0.279 0.180 0,033 -0.633 0.074 -1548 0,122 = 13,88
ASTRAL -0.155 0.078 0,006 -0.309 -0.002 -1.986 0,047 ' 73,77
-0.210 0.067 0,005 -0.342 -0.078 -3,119 0,002 ‘
-1,00 -0,50 0,00 0,50 1,00
Favours endovasc. tx  Favours medical tx
B
NUMBER OF ANTIHYPERTENSIVE DRUGS
Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper Relative
inmeans error Variance limit limit Z-Valuep-Value weight
DRASTIC -0.653 0.242 0,059 -1.128 -0.179 -2.699 0,007 - 4,49
STAR -0.194 0.180 0,032 -0,546 0.159 -1.075 0,282 = 8,05
ASTRAL -0.204 0.077 0,006 -0,355 -0.053 -2.652 0,008 -.- 40,57
NITER -0.297 0.280 0,078 -0,845 0.251 -1.062 0,288 3,37
CORAL -0.146 0.074 0,005 -0.291 -0.001 -1972 0,049 -.-' 43,52
-0.201 0.052 0,003 -0.302 -0.100 -3.900 0,000 ‘
-1,00 -0,50 0,00 0,50 1,00
Favours endovasc. tx  Favours medical tx
C
Fig. 1 Forest plot showing the standard differences in means with 95% randomized controlled studies including patients with renal
CI for systolic BP (a), diastolic BP (b), and drug requirement (c) in the atherosclerotic stenosis [14]. Reproduced with permission from Caielli
endovascular treatment arm versus medical therapy arm in different et al. [14]

@ Springer



Curr Hypertens Rep (2017) 19:5

Page 13 of 21 5

SERUM CREATININE

Study name

Statistics for each study

Std diff Standard
inmeans error

Lower Upper
Variance limit

limit Z-Value p-Value

EMMA 0043 0315 0,099 -0660 0574 -0136 0,892
SNRASCG  -0282 029 0,088 -0863 0,299 -0951 0,342
DRASTIC  -0228 0237 005 -0693 0237 -0961 0337
STAR 0351 0181 0,033 -0,706 0,003 -1941 0,052
ASTRAL 0037 0077 0006 0,189 0,114 -0485 0,628
NITER 0,000 0278 0,077 -0,545 0,545 0,000 1,000

0099 0063 0004 -0222 0025 -1,560 0,119

Std diff in means and 95% ClI

Relative
weight

o 403

@ 454

& 7,10

& 12,19

66,99

5,16

4,00  -0,50 0,00

Favours endovasc. tx

0,50 1,00
Favours medical tx

Fig.2 Forest plot showing the standard differences in means with 95% CI for serum creatinine in endovascular treatment arm versus medical therapy arm in
different randomized controlled studies including patients with renal atherosclerotic stenosis [14]. Reproduced with permission from Caielli et al. [14]

enrollment delays, protocol revisions during the trial, and high
crossover rates and low event rates [20]. Even worse, several
subgroups with clinical presentation highly suggestive of func-
tional RAS (malignant or accelerated HTN, flash pulmonary
edema, acutely worsening of kidney function after RAAS block-
ade) in whom expert would expect a substantial benefit from
revascularization have been systematically excluded from
RCTs. Therefore, the key point nowadays is to identify proper
indications and to select subgroups of patients who would defi-
nitely benefit of PTRAS in terms of BP control and CV and renal
outcomes, while avoiding unnecessary procedures and
complications.

Another problem is that there is no established consensus
about the degree of renal arterial narrowing that justifies re-
vascularization. A 50-60% diameter stenosis has been consid-
ered significant and used as inclusion criterion in clinical trials
[21]. However, due to normal autoregulation, at least 80%
lumen stenosis is needed to elicit a >50% reduction in renal
perfusion pressure in half of the patients [9]. Moreover, reduc-
tion in renal blood flow and activation of the RAAS are only
obvious for luminal occlusions of >70-80% [22]. Several oth-
er approaches have been proposed to assess the hemodynamic
significance of RAS. Peripheral plasma renin activity,
unstimulated or after stimulation by a captopril challenge test,
is not very sensitive or specific. Determination of plasma renin
activity, in blood from renal veins compared to the contralat-
eral or the peripheral veins, again with and without captopril
stimulation, has a better predictive value for BP response after

revascularization. However, the procedure is invasive and the
measurements are influenced by sodium intake, volume sta-
tus, and circulating antihypertensive drugs. Accordingly, this
procedure has been abandoned. Also renal scintigraphy, using
9ch-DTPA, 131Ifhippurate, or 9ch-MAG3, with and without
captopril, is not reliable in patients with bilateral RAS and/or
decreased renal function, and as such is no longer recommended
by the American College of Cardiology/American Heart
Association [10, 23]. The most specific diagnostic criterion for
RVH is an ACEl-induced change in the renogram, with a high
sensitivity and specificity in patients with normal or minimally
reduced renal function (creatinine <1.7 mg/dL). However, the
DRASTIC trial failed to show a relationship between the
ACEl-induced renographic findings and BP response after revas-
cularization [24]. By contrast, a translesional systolic pressure
gradient (i.e., the ratio of distal renal pressure to aortic pressure
or Pd/Pa) of <0.9, a resting translesional mean pressure gradient
of >10 mmHg, a hyperemic peak systolic pressure gradient of
>20 mmHg, or a renal fractional flow reserve (Pd/Pa ratio during
maximum hyperemia) <0.8 are highly predictive of a marked
improvement of BP after PTRAS [18ee, 22, 25-27¢, 28].
Despite their invasive character and the lack of randomized ev-
idence, pressure gradient measurements are thus the most prom-
ising approach. Useful information can also be derived from
renal Duplex. In particular, a renal resistance-index ([1-(end-dia-
stolic velocity ~ maximal systolic velocity)] x 100) of at least 80
reliably identifies patients with RAS in whom angioplasty or
surgery will not improve BP, kidney function, or survival [29].
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The other Duplex ultrasonography parameters have a high sen-
sitivity in detecting RAS, but their specificity for detecting he-
modynamically relevant RAS is low [10].

Are There Indications Left for Revascularization
of Stenotic Renal Arteries?

According to classical textbook knowledge, patients with resis-
tant or accelerated HTN, flash pulmonary edema, or important
decline of kidney function after RAAS blockade or BP lowering
are those with the highest possibility of underlying RAS [30].
The Pickering syndrome, a clinical entity consisting of HTN,
flash pulmonary edema, and bilateral RAS or unilateral stenosis
with a single kidney, is still one of the most widely accepted
indications for renal revascularization [31]. Multiple observation-
al studies have documented a substantial improvement of BP and
decreased incidence of flash pulmonary edema after PTRAS in
patients with this condition [32]. In the single available matched
controlled cohort study, PTRAS, compared to medical therapy,
improved heart failure (HF) symptoms, reduced HF-related hos-
pitalizations, and increased BP control as well as the ability to use
ACE inhibitors (ACEi) or angiotensin II receptor antagonists
(ARB) without the risk of causing a decline in kidney function
[33]. A systematic review including the aforementioned studies
reported that 76% of patients with RAS and flash pulmonary
edema did not have any recurrence after angioplasty.
Recurrence was associated with either restenosis of the renal
artery or cardiac arrhythmias. In patients with congestive heart
failure (CHF) and renal insufficiency, the severity of HF symp-
toms, expressed as New York Heart Association (NYHA) func-
tional class, improved after angioplasty. Evidence derived from
this systematic review justifies a weak recommendation in favor
of angioplasty in patients with ARAS and either flash pulmonary
edema or CHF and renal insufficiency [34].

Patients with a rapid deterioration of renal function, defined
as a >30% decrease in eGFR over <3 months and ARAS may
also benefit from revascularization, as has been shown by
several small trials, case series, and case reports [35]. Even
in dialysis-dependent patients, PTRAS may potentially im-
prove renal function [36]. Moreover, in a single-center pro-
spective cohort study, patients presenting with a combination
of rapidly declining kidney function and refractory HTN, re-
vascularization was associated with reduced risk of death (HR
0.15; 95% CI 0.02-0.9; p = 0.04) and CV events (HR 0.23;
95% CI 0.1-0.6; p = 0.02) [37¢]. Finally, in accelerated or
malignant HTN, with or without acute kidney injury, and
caused by ARAD, surgical revascularization improved BP
control and improved or stabilized renal function in most pa-
tients [38]. However, no clinical trial has evaluated the effica-
cy of PTRAS compared to medical therapy alone in this indi-
cation. Only a few case reports are available [39].

@ Springer

Rationale of Renal Revascularization in Patients
with Drug-Resistant Hypertension

Treatment RHTN is defined as a BP above goal (>140/
90 mmHg) despite appropriate lifestyle measures and optimal
treatment with adequate doses of >3 antihypertensive drugs of
different classes, including a diuretic [40, 41], or controlled
BP in the presence of adequate doses of >4 antihypertensive
drugs [42, 43+]. Resistant HTN is associated with an increased
incidence of target organ damage and CV risk as well as end-
stage kidney disease [44]. Depending on cohorts and defini-
tion used, the prevalence of RHTN in the general hypertensive
population varies between 10 and 20%, but may prove much
lower (<5%) after ruling out pseudo-resistance (poor BP mea-
surement technique, non-adherence to medications, white-
coat hypertension, lifestyle) and secondary causes of HTN
[41-43e,45¢]. Tt is two to three times more frequent in patients
with CKD than in patients without CKD [46, 47]. Notably,
ARAS is present in 5.5% of patients with CKD of the US
Medicare population [48], and the prevalence of RAS in
RHTN is between 5 and 25% [41, 49]. Not only the preva-
lence of RAS is higher in RHTN but also the stenosis per se is
more likely to be functional in RHTN. Besides increased sym-
pathetic tone, the mechanisms underlying RHTN include ex-
cessive salt and fluid retention [50]. Accordingly, the combi-
nation of ARAS, the associated higher risk of CV morbidity
and mortality, and RHTN represents a deadly cocktail [11].
More effective and appropriate drug treatment in the recent era
has made possible BP control in most initially resistant hyper-
tensive patients [51]. However, complex drug treatments are
not always well tolerated in the long run, can negatively in-
fluence drug adherence, and impose additional costs.
Furthermore, in the presence of functional unilateral and bi-
lateral RAS, BP control with a proper combination of drugs
may aggravate hypoperfusion of the post-stenotic kidney(s)
and thus lead to progressive loss of viable renal tissue.
Therefore, neutral RCTs performed outside the specific setting
of RHTN or functional RAS cases should not lead to the end
of proper diagnostic evaluation of RAS and revascularization
in appropriate patients [52].

Case Reports

Despite the fact that all published RCTs to date excluded patients
who are more likely to benefit from revascularization, case re-
ports of typical patients continue to be published and many cli-
nicians have witnessed reversal of RHTN after successful
PTRAS [39, 53-55]. An example of such a patient is illustrated
below. A 72-year-old man, known with a well-controlled HTN
and treated with a beta-blocker (metoprolol 190 mg OD), was
referred for recent deterioration of BP. He was a former smoker,
and had untreated dyslipidemia and hyperuricemia. He consulted
his general practitioner for severe headache. His BP was as high
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as 216/150 mmHg. Blood tests showed an elevated serum creat-
inine of 2.13 mg/dL (MDRD-eGFR of 31 mL/min/1.73 m?).
Urinalysis did not show proteinuria or hematuria. His general
practitioner increased antihypertensive medication to a combina-
tion of a beta-blocker (metoprolol 190 mg OD), a calcium chan-
nel blocker (amlodipine 10 mg OD) and a diuretic
(chlorthalidone, 25 mg OD), and referred him for further inves-
tigation. Physical examination was unremarkable, no abdominal
bruit was heard. A renal ultrasound revealed only a slightly
smaller left kidney (9 vs 10 cm), but on duplex, a specific tardus
parvus wave was found. The angiography showed a bilateral
RAS of 35% on the right side and of >85% with a post-
stenotic dilatation at the left side. A PTRAS was performed on
the left side, and the patient received clopidogrel as well as a
statin. Following PTRAS, BP immediately dropped to 107/
66 mmHg; 24 h later, the patient was discharged with a BP of
132/78 mmHg, and antihypertensive treatment was reduced to
amlodipine 5 mg in combination with metoprolol 95 mg, both
OD. Six months later, BP was still at goal (124/80 mmHg) with
the same bitherapy, and kidney function had recovered (creati-
nine, 1.16 mg/dL, eGFR-MDRD, >60 mL/min/1.73 m?). Six
years later, the patient has still a well-controlled BP and a stable
kidney function.

Observational Studies

Multiple, relatively small, prospective, and retrospective series
have shown benefit of PTRAS in terms of BP decrease and
prevention of end-organ damage in patients with RHTN [37°,
56-59]. A recent international registry (2001-2009) included
265 consecutive patients with ARAS (>50% de novo stenosis)
treated by renal artery stenting and at least one of the following:
(1) poorly controlled HTN (mean SBP > 160 mmHg on at least
three antihypertensive medications including diuretic), (2) im-
pairment of renal function (MDRD-eGFR <60 mL/min/
1.73 m?), and (3) unexplained CHF or recurrent acute pulmonary
edema. Median follow-up was 23.8 months (interquartile range
3-90). Mean percent diameter stenosis was 70% (range 59-80%)
at baseline. Following PTRAS, systolic BP was reduced from
160 (145-171) to 135 mmHg (125-146) and DBP from 86 (80—
95) to 75 mmHg (70-80); p < 0.01. Systolic and diastolic BP
improvement was observed in 77.4 and 68.2% of patients, re-
spectively, while the average number of antihypertensive medi-
cations before and after revascularization did not change signif-
icantly (2.70 + 1.0 vs 2.49 + 0.9, p = 0.1). MDRD-eGFR im-
proved in 53.9% of patients and did not change in 15.5%, while
in 30.6% patients, kidney function continued to deteriorate.
Patients in whom ¢GFR or BP improved or stabilized had lower
preprocedural SBP, more severe lesion type at baseline (longer
lesion with higher diameter stenosis), and lower diameter of the
stenosis at control angiography as compared to patients in whom
renal function deteriorated. The results of the study suggest that
interventional treatment of ARAS may preserve renal function

and improve BP control at relative long-term follow-up.
Moreover, the authors suggest that in patients with moderate
ARAS and decreased renal function in whom compensatory
mechanisms are able to maintain a lower BP, interventional pro-
cedures may still be valuable [56]. These results are partially in
contrast with previous reports showing the highest decrease in
SBP in patients with the highest initial SBP [57, 59].

The prospective single-center study of 467 patients with
underlying ARAD and a high-risk clinical phenotype (i.e.,
presenting with flash pulmonary edema, refractory HTN de-
fined according the European Society of Hypertension (ESH)/
European Society of Cardiology (ESC) guidelines, or rapidly
declining kidney function) mentioned higher, documented a
dramatic survival improvement after PTRAS in patients with
flash pulmonary edema (HR for death 0.4 [95% CI 0.2-0.9],
p =0.01) and in those with the combination of rapidly declin-
ing renal function and refractory HTN (HR for death 0.15
[95% CT1 0.02-0.9], p = 0.04), but not when the latter condi-
tions presented alone [37, 40].

Non-randomized Comparative Studies

In the HERCULES trial, 99.5 and 70% of patients respectively
had a BP > 140/~90 mmHg despite being on >2 and >3 antihy-
pertensive drugs. PTRAS resulted in a significant BP decrease at
36 months (from 162/78 to 146/75 mmHg) in the absence of
change in the number of antihypertensive drugs. The magnitude
of absolute reduction in SBP was related to the severity of base-
line systolic HTN prior to intervention. Notably, for patients with
a preprocedural SBP >180 mmHg, a reduction of 46 mmHg in
SBP at 36 months was observed [59].

Randomized Clinical Trials

Clinical evidence to support intervention in ARAS and RHTN
is controversial, as the RCTs did not focus on patients with
RHTN (Table 1). The inclusion criteria for BP in the different
RCTs did not meet the definition of RHTN. The BP inclusion
criterion in the EMMA trial was a diastolic BP > 95 mmHg on
three occasions and/or on antihypertensive medications; pa-
tients with malignant HTN were excluded [60]. Also, both the
SNRASCG and the DRASTIC trials used diastolic BP as an
inclusion criterion, i.e., a diastolic BP > 95 mmHg on three
occasions despite being on two antihypertensive medications
[24]. The BP inclusion criterion in STAR was a stable BP
control with BP < 140/90 mmHg for 1 month prior to random-
ization [61], and in the ASTRAL trial, no clear definition was
given. Moreover, an important bias in this large study was the
opinion of the physician, as patients were only enrolled if their
physician was uncertain as to whether revascularization would
be of clinical benefit, which may have led to exclusion of
patients most likely to benefit from revascularization [62].
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Resistant hypertension and atherosclerotic renal artery stenosis

m

iy |

Confirm treatment resistance
— Rule out inaccurate BP measurement
— Rule out white coat effect (home BP or 24-h ABPM )

Check for barriers to successful treatment

> Poor or non-adherence to treatment

> Insufficient diuretic treatment (type and dose),
especially in CKD (adaptation to eGFR)

> Interfering pressor substance or medication

> Excessive salt or alcohol intake

1 & 1

indexes > 80%)

- Stenosis >70%
- Transstenotic SPG >20 mm Hg
- Pd/Pa pressure ratio < 0.9

Screen for secondary hypertension and treat causal factors as appropriate
In case of atherosclerotic renal artery stenosis, consider revascularization according to:
— the severity of the cardiorenal disease, assessed on a case-by-case basis

(factors associated with poor BP response: older age, concomitant severe aortic
atherosclerosis, diabetes, high albuminuria, kidney atrophy <8 cm, resistance

— the hemodynamical significance of the stenosis:

Fig.3 Algorithm for the management of resistant hypertension and renal
artery stenosis. General work-up for resistant hypertension and renal
artery stenosis. ABPM ambulatory blood pressure measurement, BP
blood pressure, CKD chronic kidney disease, eGFR estimated

The most recent RCT, the CORAL study, required a sys-
tolic BP > 155 mmHg on >2 antihypertensive medications.
However, as the trial had problems recruiting the prespecified
amount of patients, the inclusion criteria changed: The thresh-
old of 155 mmHg for defining systolic HTN was abandoned,
and patients with RAS and controlled BP could be enrolled
provided that eGFR was less than 60 ml/min/1.73 m>.
Notably, in an analysis of different patient subgroups, treat-
ment effect did not differ in patients with baseline systolic BP
below or above 160 mmHg [63]. The inclusion of different
grades of renal function is another important issue of the
RCTs, as kidneys in severe CKD are already severely and
often irreversibly damaged.

Guidelines

Several guidelines, supported by level 2 evidence cohort stud-
ies which consistently found benefit of revascularization in
groups with the highest likelihood of clinically significant
RAS, propose PTRAS in patients with RHTN, progressive
and/or acute decline of renal function, and flash pulmonary
edema [23, 64]. The American Heart Association (ACC/
AHA) and the ESH/ESC guidelines provide a Class 2a
(Loeb) recommendation in this subset of patients [40, 41].

@ Springer

glomerular filtration rate, Pd/Pa ratio ratio of distal renal artery
pressure to aortic pressure, SPG systolic pressure gradient. Data adapted
from Sarafidis et al. [S0] and Rossignol et al. [45¢]

However, despite anecdotic evidence and data from some
observational studies, it still remains unknown whether these
“high risk” patients have benefits in survival and in avoiding
CV events and renal replacement therapy, compared to medi-
cal therapy alone. Therefore, this recommendation needs to be
tested in properly designed RCTs.

Ideal Randomized Controlled Trial Testing
Revascularization in Patients with RHTN

The “ideal” trial to test the benefits of revascularization in
RHTN should include only patients with true RHTN (exclud-
ing apparent RHTN due to poor drug adherence, white coat
HTN, secondary causes of HTN, use of substances that may
increase BP, inappropriately high dietary sodium intake, etc.)
and hemodynamically significant RAS (i.e., stenosis >70%,
verified by functional measurements such as transstenotic sys-
tolic pressure gradient >20 mmHg or Pd/Pa pressure ratio < 0.9,
and perhaps in the future more sophisticated magnetic reso-
nance imaging (MRI) diagnosing kidney tissue at risk and/or
reversible tissue damage) [18e, 27+, 65]. Eligible patients
should be treated following a strict, rigorous protocol with stan-
dardized antihypertensive medications, statins, and
antiplatelets. Drug adherence should be assessed throughout
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the trial, preferably by drug dosages in plasma or urine [66,
67¢]. The primary efficacy endpoint should be based on 24-h
ambulatory BP, and not solely on office BP, as ambulatory BP
is per se blinded, minimizes white coat and placebo effects and
physician-related biases, and is an independent predictor of CV
events. [44, 68, 69¢]. Follow-up should be extended to several
years, and the primary endpoint for safety should be based on
eGFR. In anatomical successful PTRAS, the incidence of renal
artery restenosis, in-stent stenosis, or stenosis progression on
the long run should be evaluated by CT scan, which is the gold
standard or, if contra-indicated, by MRI [70]. The ANDORRA
trial may meet most of these requirements [71].

Conclusions

The indications of revascularization of the renal arteries remain a
matter of controversy. Based on the results of the large RCTs,
indiscriminately revascularizing ARAS is no longer tenable. The
challenge is to identify those patients who are most likely re-
spond and to prevent kidney damage. patient selection implies
diagnosis of true RHTN in combination with demonstration of
anatomically and hemodynamically significant RAS, as
discussed above and summarized in Fig. 3.

Take-Home Messages for Future Research

While the application of PTRAS expanded rapidly at the turn
of the latest century, the “neutral” results of the large RCT’s
tempered this enthusiasm and many physicians subsequently
abandoned this invasive treatment [72]. However, outcome
data from RCT’s apply only to the populations enrolled,
which in the majority of cases did not include patients at high
risk of RVH. Antihypertensive drug therapy (i.e., RAAS
blockers) combined with lipid and glucose control and anti-
platelet therapy can achieve BP control and improve clinical
outcome in patients with moderate atherosclerotic renal dis-
ease, even in the absence of PTRAS [73]. In more severe
cases, renal revascularization to restore blood flow to the ste-
notic kidney appears logical in view of the pathophysiologic
mechanisms that are initiated by RAS [12]. Identification of
biomarkers of response to PTRAS should be done within the
context of properly designed randomized controlled trials.
However, certain patient populations who probably benefit
from renal revascularization will never be studied because
they cannot be ethically withheld from a potentially life-
saving treatment; in this setting, registries may provide rele-
vant information. On the other hand, we should not forget that
patients with ARAS-related HTN often have coexisting essen-
tial HTN that will not be cured by intervention. Still, revascu-
larization may lead to switch from RHTN to a more control-
lable HTN.

Awaiting the results of future trials, such as the ANDORRA
study [71], clinicians should try to distinguish between HTN
associated with ARAS and true RVH, and to identify those
patients at risk of resistant/refractory/accelerated/malignant
HTN and end-organ damage (ischemic nephropathy, heart fail-
ure) who would definitely benefit from revascularization [20,
52]. Preliminary biomarker studies within registries may help
identifying patients who may potentially benefit from revascu-
larization, biomarker-guided strategies being subsequently test-
ed in properly designed double-blind randomized trials [74].
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