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Initial studies on renal denervation (RDN) for the treatment of non-controlled arte-
rial hypertension (HTN) through radiofrequency ablation of renal arteries demon-
strated that RDN is an effective therapeutic strategy to reduce arterial blood pres-
sure (BP). Nonetheless, the first randomized study, SYMPLICITY-HTN-3, failed to
demonstrate a clear benefit for RND over the control group. Technologic evolution,
with the introduction of new second generation multi-electrode devices, allowed
deep energy delivery along the full circumference of the vessel. Two recent random-
ized studies involving patients assuming (SPYRAL HTN-ON MED) or not (SPYRAL HTN-
OFF MED) antihypertensive pharmacologic treatment, demonstrated the efficacy and
safety of RDN using second generation systems for radiofrequency ablation. Another
recent randomized study demonstrated that RDN with ultrasounds (RADIANCE-HTN
SOLO) of the main renal arteries led to a significant BP reduction compared to the
control group. These studies have once again raised the interest of the scientific
community towards attempting to define the appropriate role of RDN in the treat-
ment of hypertension. Nonetheless, larger and longer clinical trials will be necessary
to draw further conclusions.

Introduction

Over 1 billion people worldwide suffer from hypertension
(HTN); of these, �150 million in Europe and the number is
constantly growing. By 2025, an increase of 15–20% is
expected with almost 1.5 billion hypertensive people
worldwide. This high prevalence is constant, regardless of
social status, income, and geographic location. Hyperten-
sion becomes progressively more common with advancing
age. In fact, the prevalence in adults reaches around 30–
45% and becomes greater than 60% in people over the age
of 60. It is also estimated that over 9 million people die

each year from complications related to hypertension,
such as myocardial infarction, stroke, and kidney failure.2

These impressive epidemiological data underline the need
for new therapeutic options to control arterial blood pres-
sure (BP), considering that the reduction of even a few
millimetres of mercury of pressure is associatedwith signif-
icant reductions in cardiovascular events.1 With this
aim, the recent guidelines of the American College of
Cardiology/American Heart Association (2017) and of the
European Society of Cardiology (2018) have redefined the
criteria for HTN and the indications to drug treatment initi-
ation, which is now recommended for lower BP thresholds
than in the past, particularly in patients at higher cardio-
vascular risk.2,3
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The sympathetic nervous system and
arterial pressure: rationale for treatment
with renal denervation

Blood pressure is regulated by many neurogenic and hu-
moral factors that condition the functional and structural
state of microcirculation by regulating peripheral vascular
resistance (Figure 1). The sympathetic nervous system
(SNS) has a well-defined role in regulating pressure in both
acute and chronic conditions. Sympathetic nerve activity is
increased in all forms of hypertension when measured as
muscular sympathetic nerve activity (MSNA). Renal norepi-
nephrine production is on average two to three times
higher in patients with essential hypertension or secondary
to obesity (Figure 2). This observation highlights the role of

the SNS in regulating pressure and its activity increases
early in hypertensive patients. It is interesting to note that
the reactivity of the sympathetic system is increased in
normotensive children of hypertensive parents compared
to the offspring of normotensive parents. This aspect
underlines the different phenotypic expression of the re-
sponsiveness of the SNS based on familiarity.4

The kidney plays a key role in the regulation of cardio-
vascular function and in BP homoeostasis. Two main func-
tions of the kidney are involved in cardiovascular control:
the production and release of renin with consequent pro-
duction of angiotensin II, a powerful vasoconstrictor agent,
and the urinary excretion of sodium which affects the fluid
balance. Both of these effects are influenced by adrenergic
nerve factors that play an essential role in controlling renin
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Figure 1 The kidney plays a key role in the regulation of cardiovascular function and in pressure homeostasis. Two main functions of the kidney are in-
volved in cardiovascular control: the production and release of renin with consequent production of angiotensin II, a powerful vasoconstrictor agent, and
the urinary excretion of Na which affects the fluid balance. Both of these effects are influenced by adrenergic nerve factors that play a key role in con-
trolling renin release and saline balance through both direct and indirect mechanisms. In particular, the sympathetic nervous system has a key role in the
regulation of perfusion and renal function through afferent and efferent fibres that reach the kidneys from the aorta with fibres located in the adventitia
of the renal arteries.
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release and saline balance through both direct and indirect
mechanisms. Specifically, the SNS regulates perfusion and
renal function through afferent and efferent fibres that
reach the kidneys from the aorta with fibres located in the
adventitia of the renal arteries.5

Cannon was the first to describe the effects of sympa-
thectomy on BP in 1931. In the 1950s, surgical sympathec-
tomy became a technique capable of controlling BP levels,
reducing the mortality of patients with malignant hyper-
tension. Unfortunately, this technique, although effective,
was burdened by a high morbidity and was inevitably aban-
doned with the discovery of antihypertensive drugs and
diuretics.

Radiofrequency denervation

Based on the results of experimental studies that under-
lined the role of the sympathetic nerve fibres of the kidney
in BP control, a selective sympathectomy technique was
developed, inspired by the procedures used in electrophys-
iology for rhythm disorders ablation. Thus, the first
Symplicity catheter was developed by Ardian Inc. (Paolo
Alto, CA, USA), a device capable of selectively destroying
the sympathetic fibres of the renal arteries with radiofre-
quency energy via a percutaneous approach. Through the
use of this system, it was possible to demonstrate, at first
on an animal model and subsequently in humans, that this
procedure was able to reduce the production of norepi-
nephrine, MSNA, and systemic BP values.

The Symplicity HTN-1, HTN-2, and HTN-3
studies

In 2009, Schlaich et al.6 published the results of the first
case of denervation by radiofrequency ablation in a patient
with five drug-resistant hypertension (RHTN). A significant
reduction in systolic and diastolic values was described
from the first month with a significant reduction in the
spill-over of norepinephrine, plasma renin, an improve-
ment of renal blood flow, and a reduction of left ventricu-
lar mass.

These results were confirmed by an observational regis-
ter including a higher number of patients (Symplicity-
HTN1) and subsequently by the first randomized study vs.
medical therapy (Symplicity-HTN2).7 These data generated
considerable enthusiasm in the scientific community: an
expert consensus for the treatment of patients with hyper-
tension published in 2013, included for the first time the
ablation of the sympathetic pathways as a therapeutic
strategy for RHTN.8

The epidemiology of hypertension in its drug-resistant
form and the preliminary results of denervation yielded a
major technological boost. The industries of the sector in a
fewmonths producedmore than twenty new devices which
could be used for this strategy through different energy
sources.

Nonetheless, this remarkable interest encountered a
setback with the presentation of the Symplicity-HTN3 trial
results. While the main objective regarding safety (adverse
events and renal and vascular complications) was

achieved, the renal denervation (RDN) performed by using
the Symplicity Flex catheter did not reach the efficacy
endpoint with regards to the reduction of systolic BP.

Analysis of the failure of Symplicity HTN-3

There is no doubt that the design of the S-HTN3 study was
very rigorous. The interest generated by the results was
truly remarkable and put the approval of the radio fre-
quency denervation system by the American FDA at stake,
as well as the diffusion of the procedure worldwide.
However, a careful evaluation of the study results high-
lights numerous elements that may have influenced the
failure to reach the set end-points. Specifically, in order to
address these factors, we must focus on three fundamental
aspects of the study design including the selected popula-
tion, the drug therapy and the technical-procedural char-
acteristics of the procedure itself.

Study population

The comparison of the 6-month BP data of HTN-3 with
those of the HTN-1 and HTN-2 studies is surprising
(Figure 3). The evident effect of RDN on BP values obtained
in the HTN1 and HTN-2 studies could be linked to the phe-
nomenon of ‘regression from the average’, a typical bias of
registers and observational studies, with very high standard
deviation. Having ‘overestimated’ the effectiveness of the
procedure in previous studies may have led to an error in
the calculation of the sample size (calculation of power) of
patients to be recruited in HTN-3. The standard deviation
of the pressure variations compared to the baseline values
obtained by HTN-3 underlines the considerable variability
of the response after RDN, suggesting that the procedure
may be effective in particular groups of patients such as
those of non-African American race, patients <65years of
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Figure 2 Renal norepinephrine production is on average two to three
times higher in patients with essential hypertension or secondary to obe-
sity. This observation highlights the role of the sympathetic nervous sys-
tem in regulating pressure and its activity increases early in hypertensive
patients.
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age, and those with normal renal function (�60mL/min/
1.73m2).

Pharmacological therapy and technical-
procedural aspects

The lack of an adequate stabilization period led to the vari-
ation of at least one drug in about 40% of patients after ran-
domization, due to the presence of side effects, creating a
further confounding element. Among the least convincing
points from a methodological point of view, we must cite
those relating to technical-procedural aspects of the RDN
procedure. In fact, on average, each operator performed
only three procedures during the study (one-third of the
operators only one procedure) with the learning curve
achieved during the trial.

Second generation systems

The second generation denervation systems were born to
improve the safety9–11 and the effectiveness of RDN proce-
dures.12,13 The design of these devices was linked to the
concept that the radial distribution of the lesions created
during RDN over the entire circumference of the vessel rep-
resented a crucial aspect for success, making the proce-
dure less operator dependent.

However, after the neutral results of the Symplicity HTN-
3 study, most of the investment in developing new clinical
trials on second generation RDN systems was discontinued
andmany of the studies abandoned.

Among the new devices subject to important invest-
ments by themanufacturers and of considerable clinical at-
tention is the Symplicity Spyral system (Medtronic)
developed through the use of a flexible system with four
electrodesmounted on a 4-Fr catheter to determine during
energy delivery four simultaneous lesions with a helical dis-
tribution. The RDN performed through this system provided

for ablations carried out both at the level of the main renal
artery and its branches. The theoretical verifications were
evaluated in two trials (SPYRAL HTN-OFF MED and SPYRAL
HTN-ON MED).14,15 These multicentre studies, conducted
in single-blind, randomized against a group in which the
procedure was simulated (‘Sham’ group) enrolled patients
with systolic and diastolic hypertension. All operators were
adequately trained and the RDN procedure was standard-
ized by performing multiple RDNs also in the divisional
branches of the renal arteries and in the accessory renal ar-
teries. The inclusion criteria of the HTN-OFF MED study in-
cluded patients with medium/moderate hypertension in
the absence of medical treatment. The analysis of the
results of the first 80 patients showed a significant reduc-
tion in BP values at 3months for patients treated with RDN
compared to the control group, without any adverse
effects related to the procedure.
The SPYRAL HTN-ON MED study randomized 80 patients

with elevated systolic and diastolic ambulatory BP values
despite the administration of antihypertensive therapy
(one to three drugs). The results of the study showed a sig-
nificant reduction in ambulatory BP at 6months in patients
treated with RDN and a significant reduction in systolic
pressure both at night and during the day.
An additional second generation device for the treat-

ment of hypertension (Peregrine System Infusion Catheter,
Ablative Solutions) consists of the injection of ethanol into
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Figure 4 Average changes in systolic blood pressure compared to base-
line during 24-h outpatient recording and assessment of blood pressure
values in three outpatient randomized denervation studies of renal arter-
ies using second generation devices compared to groups in which the pro-
cedure was simulated (‘Sham’ group): all trials show a significant
reduction in the mean 24-h pressure of the outpatient pressure and the
systolic pressure in the renal denervation group compared with the fol-
low-up control group.
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Figure 3 The comparison of the six-month blood pressure data of HTN-3
with those of the HTN-1 and HTN-2 studies is truly surprising. The evident
effect of renal denervation on blood pressure values obtained in the
HTN1 and HTN-2 studies could be linked to the phenomenon of ‘regres-
sion from the average’: typical bias of registers and observational stud-
ies, with very high standard deviation. Having ‘overestimated’ the
effectiveness of the procedure in previous studies may have led to an er-
ror in the calculation of the sample size (calculation of power) of patients
to be recruited in HTN-3.
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the peri-adventitial space through the arterial wall via
three needles that protrude perpendicularly from a device.
The efficacy and safety of this device are currently being
assessed by means of a randomized, double-blind, group-
controlled study in which the procedure is simulated.

A further technique that has shown remarkable efficacy
in animal studies, currently being evaluated by randomized
clinical trials, involves the use of ultrasound to carry out
denervation.16 Ultrasound is emitted circumferentially
from a piezoelectric crystal placed in the final portion of a
catheter balloon (Paradise Ultrasound System; ReCor
Medical). In a recent multicentre, randomized, single-
blind study, comparing non medically treated hypertensive
patients randomized to either ultrasound ablation or to a
sham procedure consisting of renal angiography only
(RADIANCE-HTN SOLO) a significant reduction in daytime
ambulatory systolic BP was achieved in the group treated
with the Radiofrequency ablation two months post-
procedure. Two further studies carried out using ultrasound
(RADIANCE-HTN TRIO conducted in the USA and Europe and
REQUIRE conducted in Japan and Korea) designed to evalu-
ate the efficacy and safety of ultrasound denervation in hy-
pertensive patients receiving multiple drugs are currently
underway.17 A recent randomized comparison study
(RADIOSOUND-HTN) between radiofrequency RDN (of the
main renal artery only or ‘extensive’ including also side
branches and accessories) and ultrasound RDN, involving
patients with uncontrolled hypertension (i.e. patients as-
suming at least three classes of antihypertensive drugs),
has shown a significant reduction in daily systolic BP values
in the ultrasound group if compared to the radiofrequency
RDN of the main renal artery group at 3months post-
procedure; no statistically significant reduction between
ultrasound RDN and ‘extensive’ radiofrequency RDN of the
main arteries, side branches, and accessories was found.
These data support the results of studies conducted on ani-
mal models that have highlighted how ultrasound RDN
achieves deeper lesions compared to radio frequency RDN,
allowing for equal efficacy without the need to treat the
divisional branches of the renal arteries.

The future of RDN

The SYMPLICITY HTN-3 study, although controversial, had
the advantage of focusing on the considerable therapeutic
potential of RDN when the procedure is preceded by ade-
quate planning that involves a strict selection of patients,
of devices, and of techniques. The effects of RDN through
the use of second generation systems are summarized in
Figure 4. Although these studies have shown a significant
reduction in arterial BP values after RDN, it is necessary to
analyse these results with caution taking into account the
limits related to the small sample size and the short-term
follow-up still. Larger trials, with a greater number of
recruited patients and longer follow-ups, are required to
better define the role of this procedure in controlling
arterial BP values and in reducing the number of antihyper-
tensive drugs and their adequate dose for long-term con-
trol of BP.
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