Renal denervation therapy beyond resistant hypertension
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The scope of the problem

It is estimated that over one billion people worldwide are
affected by hypertension (HTN) and that over nine million
annual deaths can be attributed to complications of HTN
such as myocardial infarction, stroke and renal disease.
The prevalence of HTN is constantly rising and this
trend is expected to continue unless appropriate measures
are taken (1,2). Importantly, even very mild reductions
in blood pressure were linked to a large effect on rates of
cardiovascular events (3,4).

Definitions of HTN

Recently published American guidelines (§) categorize
HTN into four levels according to an average of two
office measurements: (I) normal: systolic blood pressure
(SBP) <120 mmHg and diastolic blood pressure (DBP)
<80 mmHg; (II) elevated: SBP 120-129 mmHg and DBP
<80 mmHg; (III) HTN stage 1: SBP 130-139 mmHg
or DBP 80-89 mmHg; and (IV) HTN stage 2: SBP
>140 mmHg or DBP >90 mmHg. This new
categorization is in agreement with recently published
data which has shown that lower cut offs for defining
HTN and its treatment are beneficial (6). Often, office
BP measurements are higher than those measured out
of the office, and this phenomenon has been defined as
“white coat HTN”. Population-based studies have shown
that the prevalence of white coat HTN may be as high as
16% and ranging from 35% to 46% among hypertensive
patients (7,8). The clinical importance of isolated white
coat HTN is still under debate since some studies have
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found these patients to have higher cardiovascular risk
when compared to normotensives, while others have
failed to demonstrate this association (9). Yet, 24 hours
average measurements have consistently shown to better
correlate with morbidity and mortality than office BP
measurements (10,11). Most trials focused on white
coat HTN have used a cut-off of 135/85 mmHg for out
of office or 130/80 mmHg for 24-hour ambulatory BP
monitor (ABPM) measurements and therefore have a
slightly different definition of HTN.

Is pharmacotherapy really failing?

Since pharmacotherapy for HT'N had been proven to be
efficacious in numerous trials, the growing prevalence
of HTN may be explained in several ways: (I) ageing
of population; (II) lack of public health policies and
their implementation, especially in low and mid income
countries (1) leading to under-diagnosis of HTN and
thus delayed treatment; (III) non-adherence to therapy;
(IV) resistant HTN. The first two are out of our intended
scope. Non-adherence to anti-hypertensive therapy is
very common, yet it is difficult to detect and it varies over
time (12). While good adherence is associated with
reduced risk of cardiovascular events (13), it is estimated
that up to 50% of patients become non-adherent within
1 year of initial drug therapy (14). The European Society
of Cardiology guidelines define “resistant HTN” when
a therapeutic strategy that includes appropriate lifestyle
measures plus a diuretic and two other antihypertensive
drugs belonging to different classes at adequate doses fail to

lower SBP to <140 mmHg and DBP values to <90 mmHg,
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respectively (15). Recent American guidelines define
HTN as “resistant” when a patient is treated with
3 antihypertensive medications with complimentary
mechanisms (one of which a diuretic) an fail to achieve
control or when control is achieved but under treatment
of at least 4 different medications (5). The prevalence
of resistant HTN is estimated to be less than 10% of
the overall hypertensive population. It is important to
differentiate true resistant HTN from apparent ones such
as in cases of isolated office HTN, non-adherence and
sub-optimal medical regiments since true resistant HTN
is associated with a higher risk of cardiovascular and renal
disease (16).

The sympathetic nervous system and the
rationale for renal denervation (RDN)

In the early 20" century, the medical community started to
learn about the effect of the sympathetic nervous system
on BP. From the 1920s onto the 1950s, patients with severe
HTN were treated with splanchnicectomy, the surgical
division of the thoracic and lumbar ganglia. This treatment,
although quite effective in lowering BP, was associated
with relatively high perioperative morbidity and severe side
effects and was subsequently relinquished with the advent
of hypertensive medications. However, it provided the basis
for future research and therapeutic procedures.

The kidneys are innervated by efferent sympathetic
nerves from the central nervous system and by afferent
sympathetic sensory nerves from the kidneys to the
hypothalamus. Efferent sympathetic activity has three
major effects on the kidney: (I) increased renin secretion;
(II) increased sodium reabsorption in the tubules; and
(III) decreased blood flow to the kidneys. Together, all
these mechanisms contribute to elevation of BP. The
afferent nerves respond to renal injury and ultimately
cause an increase in central sympathetic outflow as
well. In untreated hypertensive patients, a high level of
sympathetic activation had been demonstrated. Thus,
uncontrolled activation of the renal sympathetic nerves
seems to play a role in the pathophysiology of essential
HTN (17,18) and therefore, decreasing the sympathetic
outflow to the kidneys may potentially be associated
with a decrease in systemic BP. From an anatomical
stand point, the renal sympathetic nerves originate in
the sympathetic chain and in ganglia surrounding the
aorta and proximal renal arteries, whereupon they form
a plexus surrounding the mid and distal parts of the
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renal arteries which runs in parallel to the renal arteries
through the outer adventitia (19). These factors, the role
of the renal sympathetic outflow in the development
of HTN, the anatomy of the renal sympathetic nerves
and their proximity to the renal arteries, and finally, the
unmet need for a new therapeutic option in the context
of low adherence to medications as well as resistant HTN
had led to the development and design of radiofrequency-
based ablation catheters for RDN.

RDN trials: lessons learned were not a simplicity

The Symplicity HTN-1 was the first-in-man trial published
in 2009. In this proof-of-concept trial, RDN therapy had
been used amongst resistant HTN patients who were
selected due to the potential clinical benefit (20). Later
on, the Symplicity HTN-2 was a randomized-controlled,
multi-center trial that enrolled 106 patients with resistant
HTN and randomized them to RDN therapy plus medical
management vs. medical management alone. Patients
with hemodynamically significant renal artery stenosis,
previous renal artery intervention, kidney dysfunction
with estimated glomerular filtration rate (eGFR)
<45 mL/min/1.73 m’, type-1 diabetes mellitus or renal
artery anatomy that precluded treatment (defined as <4 mm
diameter, <20 mm length, or more than one main renal
artery) were excluded. This trial has shown a significant
reduction in BP of approximately 32/12 mmHg in the study
group patients as opposed to an increase of 1/0 mmHg in
the control group measured 6 months after the procedure.
A difference between the groups had been recorded in
office visits, home measurements and ABPM. No serious
adverse effects such as dissection, severe worsening of renal
function or renal artery stenosis were documented (21).
The 3-year follow-up results of these two trials had
shown long-term efficacy achieving a reduction in SBP
of over 30 mmHg and in DBP of 13 mmHg as compared
to baseline, and an overall good safety profile with only
one recorded dissection and two cases of kidney injury
which had resolved (22,23). The promising results of these
initial trials had driven the industry to develop various
other devices for catheter-based RDN, such as second-
generation radiofrequency catheters with multi electrodes
which allow a faster and more thorough ablation, internal
and external ultrasound therapies, chemical ablations and
cryotherapy. Yet, at the same time, some concerns regarding
the Symplicity trials have been expressed: (I) the trials were
not blinded; (II) no sham-controlled design; (III) secondary
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causes for HTN were not excluded; (IV) neither adherence
to medications nor guidelines-based pharmacotherapy had
been ensured; (V) BP measurements were a mixture of office
and ambulatory measurements; and (VI) reno-vascular safety
had not been completely characterized. These concerns, on
top of incomplete data regarding optimal sites for ablation,
heterogeneity in response, and lack of data on the durability
of the procedure after more than three years had proven to
be the catalyst in the design and execution of the Symplicity
HTN-3 trial (24). In this trial, patients with resistant
HTN were randomly assigned to RDN therapy or a sham-
controlled procedure. Both, patients and BP assessors were
blinded to the procedure. The BP was recorded in the office
and at home, patients had to be taking maximally tolerated
doses of three or more antihypertensive medications of
complementary classes. Clinical exclusion criteria were
known secondary causes of HI'N and more than one
hospitalization for a hypertensive emergency in the previous
year. Anatomical exclusion criteria were renal artery stenosis
of more than 50%, renal artery aneurysm, prior renal
artery intervention, multiple renal arteries, a renal artery of
less than 4 mm in diameter, or a treatable segment of less
than 20 mm in length. Notably, this trial failed to show a
significant reduction in BP in patients with resistant HTN
6 months after RDN as compared to the sham-controlled
arm (24). The 12-month report reconfirmed these
findings (25). The results of this trial had a detrimental
effect on the prospect of RDN, yet other trials published at
the time did manage to show the potential benefit of RDN
therapy when attention was paid to the medication regimen
and to ABPM measurements (26,27).

The surprising results of Symplicity HT'N-3 had
become the focal point of many debates which led to
the expression of several concerns: (I) adherence to
medications was not monitored; (I) trial medications were
not standardized nor they were prescribed according to
guidelines; (III) about 40% of trial participants required
changes in medications for various reasons with an
unknown effect on outcome (28); (IV) unique population
with severe resistant HTN treated with at least five
different drugs, owing the fact that US-only population
has a high prevalence of African American and obese
patients (28); (V) lack of standardization with regards to
the procedure including operator experience, number of
ablations per artery and their locations.

These reservations were addressed in the design of the
SPYRAL HTN-OFF MED trial (29). This trial recruited
patients with mild to moderate HTN defined as office
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SBP >150 and <180 mmHg and/or DBP >90 mmHg or
mean SBP on 24-hour ABPM measurement >140 and
<170 mmHg. The main goal of the trial was to evaluate
RDN therapy in the absence of any antihypertensive
medication compared to a sham-controlled population.
Prior to randomization, patients underwent a washout
period of 3 to 4 weeks. Patients in both arms had similar
baseline characteristics including baseline BP. RDN therapy
was applied using the Symplicity Spyral multi-electrode
catheter (Medtronic, Galway, Ireland) and the Symplicity
G3 (Medtronic, Minneapolis, MN, USA) generator.
This catheter consists of a four-electrode catheter that
is positioned to deliver circumferential radiofrequency
energy and thus, cover the four quadrants of the renal
artery and branch vessels (29). At 3 months of follow-up,
the RDN group had shown statistically significant decrease
in BP measurements in comparison to the sham-controlled
group. Of note, these changes were quite modest with only
5 and 4.4 mmHg difference in SBP and DBP ambulatory
measurements, respectively, between the RDN group and the
sham one. Office measurements had shown a larger difference
between the groups with a drop in SBP of 7.7 mmHg
and DBP of 4.9 mmHg favoring the RDN group. No adverse
events were recorded (29). Tible 1 summarizes data on clinical
outcomes in Medtronic-sponsored trials.

Discussion

Although anti-hypertensive medications are effective,
adherence is low and some patients are found, or simply
“tagged”, to be resistant to treatment. In this setting, a new
innovative method to control HI'N would be considered a
game changer. Targeting the sympathetic nervous system
and specifically the fibers enervating the kidneys had been
shown to work in the past in a surgical approach. The
mental leap that was taken to adjust this treatment to
modern era with catheter-based technology seemed to have
considerable potential. On top of that, previous evidence
suggests additional benefits in terms of improvements in
arrhythmias burden and obstructive sleep apnea, reversal of
left ventricle hypertrophy and diastolic dysfunction, renal
protection and improvement of glucose tolerance (30-33).
Even if initial trials results were promising, the results
of Symplicity HI'N-3 had undoubtedly changed the
perception of RDN amongst the medical community.
Almost a decade after the first proof-of-concept trial
started, a full circle had been made with a renewed proof-
of-concept SPYRAL HTN-OFF MED trial (29). This trial
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had succeeded to show a significant benefit 3 months after
RDN therapy with regards to the primary end-point
of office BPs and 24-hour ABPM. Yet, as stated before,
the effect of RDN was quite modest and may raise the
question of whether an invasive procedure is justified in
this setting. Furthermore, many trials have shown that
even in patients who are considered to have resistant
HTN, this can often be attributed to low adherence to
medical therapy (34).

Future perspectives for RDN

The RADIANCE-HTN and REQUIRE studies are
multicenter, blinded, randomized, sham-controlled
trials designed to assess the BP-lowering efficacy of
the ultrasound-based Paradise RDN system (ReCor
Medical) in patients with established HTN either on
or off antihypertensive medications (35). There will be
2 cohorts, the SOLO cohort including patients with
essential HTN at low cardiovascular risk, and either
controlled with 1 to 2 antihypertensive medications, or
uncontrolled on 0 to 2 antihypertensive medications. The
TRIO cohort includes patients with resistant HTN on at
least 3 antihypertensive medications (including a diuretic).
The primary endpoint is the reduction in daytime
ambulatory systolic BP at 2-month follow-up. The
REQUIRE is designed to evaluate patients with resistant
HTN on standard of care medication in Japan and Korea.
The primary endpoint is reduction in systolic BP on
24-hour ABPM assessed at 3-month of follow-up (35).
The results of both studies are expected in 2018.

Conclusions

The data provided by the SPYRAL HTN-OFF MED trial
further contribute with another piece to the puzzle and,
although not convincing to consider RDN as an alternative,
stand-alone therapy, it may allow keeping the gate ajar for
further research in the field of catheter-based RDN for the
treatment of HTN.
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