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 review

Renal sympathetic denervation: 
 indications, contemporary devices and 
future directions

Resistant essential hypertension that does not 
respond to standard treatment regimens poses 
an important therapeutic challenge. Catheter-
based sympathetic renal denervation (RDN) 
therapy is an exciting and promising new treat-
ment strategy, with potential to revolutionize 
the current treatment paradigm in this group of 
patients. This review will focus on contemporary 
evidence supporting the utility of RDN, review 
current and emerging devices, consider potential 
future treatment indications, and discuss unre-
solved issues that need to be addressed before 
RDN can be embraced as mainstream therapy. 

Burden of hypertension
Hypertension is generally classified as either 
essential or secondary to a defined etiology 
(e.g., renal/endocrine disease). In contrast to 
secondary hypertension, which may respond 
to treatment of the underlying cause, essential 
hypertension – which accounts for over 90% 
of patients with hypertension – is considered a 
heterogeneous disorder with a multifactorial and 
poorly understood etiology [1].

Regardless of etiology, hypertension is a major 
risk factor for cardiovascular disease and is asso-
ciated with significant morbidity and mortality 
[2]. Hypertension is a truly global public health 
epidemic with 47% of all ischemic heart dis-
ease worldwide, and 92 million disease-adjusted 
life years directly attributable to the condition 
[3]. Historically, hypertension was considered 

a burden mainly of industrialized nations, 
largely due to complex genetic–environmental 
and social interactions [4]. While the disease 
burden continues to rise among industrialized 
nations, current trends also show a rapidly rising 
prevalence in developing nations. Hypertension 
is projected to affect half of the world’s adult 
p opulation by 2025 [5,6].

The mainstay of treatment for essential hyper-
tension consists of a combination of lifestyle 
modification and pharmacological interven-
tions. Although usually effective, there remains 
an important cohort of patients in whom blood 
pressure (BP) fails to respond adequately to these 
measures. In some instances, this may be due to 
poor compliance or to ‘white-coat’ effect. How-
ever, even when these variables are accounted 
for, there appears to be a group of patients with 
‘resistance’ to conventional management strate-
gies. Resistant hypertension is defined as BP that 
is persistently elevated above 140/90 mmHg 
despite lifestyle measures (e.g., exercise/salt 
restriction, among others) and concurrent use of 
three or more antihypertensive agents [7]. As the 
prevalence of hypertension has increased, there 
has also been a corresponding rise in the preva-
lence of resistant hypertension. The prevalence 
of resistant hypertension in the USA is estimated 
at 12% of those diagnosed with hypertension, 
accounting for approximately 9 million Ameri-
cans [8]. This is of particular concern as patients 
with resistant hypertension have a dramatically 
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higher cardiovascular risk with a 50% increase 
in major events, compared with individuals with 
controlled BP [9,10].

Given these worrying data and frequent poor 
response to currently available antihyperten-
sive therapies, recent novel strategies targeting 
the renal sympathetic nervous system offer the 
potential for an exciting new option for this 
previously undertreated group of patients with 
resistant hypertension.

The renal sympathetic nervous 
system
The pathophysiology of essential hypertension 
is complex and multifactorial. It is thought that 
abnormal renal excretory function plays a central 
role in the initiation, development and mainte-
nance of the hypertensive process. The kidney has 
an integral role in sodium and water homeostasis 
that is central to regulation of arterial pressure. 
The normal response to an increase in arterial 
pressure is increased urinary sodium and water 
excretion, reduced blood volume and thereby 
reduced arterial pressure. Therefore, any process 
that affects the excretory function of the kidney 
can lead to the development of  hypertension [11].

In some patients with resistant hypertension 
this mechanism is impaired and sympathetic 
tone appears to be enhanced. The consequent 
increased renal sympathetic nervous activity 
results in increased renin secretion, increased 
renal tubular sodium reabsorption and reduc-
tion in both glomerular filtration rate and renal 
blood flow. Increased sympathetic activity also 
increases norepinephrine spill over rates from the 
kidneys in patients with essential hypertension. 
This effect has been shown to particularly occur 
in young hypertensive patients [12,13]. The renal 
sympathetic nervous activity also affects angio-
tensin II and aldosterone production which both 
influence diuresis and natriuresis, and are integral 
to the development of hypertension, heart failure 
and kidney disease (Figure 1) [14,15]. Therefore RDN 
to reduce both afferent and efferent sympathetic 
activity is a logical approach to treat hypertension.

The potential therapeutic benefit of RDN was 
shown in animal studies designed to determine 
the role of the renal sympathetic system in the 
pathophysiology of hypertension, where invasive 
RDN was achieved using either surgical liga-
tion or surgical stripping with phenol. Follow-
ing these procedures, hypertension was either 
prevented or reduced in magnitude [16–18].

The initial clinical experience was with 
nonselective sympathectomy, first shown to be 
an effective treatment for hypertension over 

50 years ago. This was a radical and invasive 
surgical approach targeting thoracic, abdominal 
and pelvic sympathetic nerves. While effective 
at BP reduction, sympathectomy was associated 
with a high complication rate and numerous 
side effects including severe postural hypoten-
sion, abdominal pain and impaired regulation 
of other autonomic functions (e.g., sweating). 
The advent of effective pharmacological therapy 
led to sympathectomy being regarded as a proce-
dure of obscure historical and pathophysiologic 
interest [19–21].

Targeted RDN
In contrast to the initial crude surgical tech-
nique, a more targeted approach of sympathetic 
RDN using catheter-based technology showed 
promise for treatment of resistant hypertension, 
with few undesirable side effects [22]. Unpub-
lished preclinical swine studies demonstrated 
that catheter-based RDN is able to prevent, 
reverse, or reduce the severity of hypertension, 
paving the way for human trials. The largest 
clinical experience to date is with the Symplic-
ity™ (Medtronic Inc., CA, USA) catheter, 
designed to deliver radio frequency (RF) energy 
through the wall of the renal artery to achieve 
RDN. It is currently the only commercially 
available device with randomized controlled trial 
evidence to support its clinical use [23].

 n Symplicity
RDN using the Symplicity system requires 
percutaneous access via the femoral artery. Pre-
ceding renal angiography (computed tomogra-
phy or MRI) is usually undertaken to exclude 
patients with renal anatomy unsuitable for 
RDN (e.g., anomalous/accessory vessels), and 
renal angiography is then performed to confirm 
renal artery anatomy at the time of the RDN 
procedure (assessing in particular for anatomi-
cal suitability, including vessel caliber, length, 
angle of origin and the presence of atherosclerotic 
plaque). Following administration of heparin 
and appropriate analgesia/sedation, the lumen 
of the main renal artery is catheterized using a 
6 F or larger caliber guide. The Symplicity cath-
eter (unipolar system) is then advanced into the 
distal portion of the artery, just proximal to the 
bifurcation (Figure 2). The catheter tip is flexed 
against the wall to ensure contact and electrical 
energy alternating at RF is applied for 2 min. 
The catheter is then withdrawn by 5 mm, rotated 
and the ablation repeated four- to six-times in a 
helical manner, prior to repeating the procedure 
in the contralateral artery  (Figures 2 & 3) [24]. Hence 
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the total treatment time would be 24 min if there 
were six treatments on each side. 

An initial proof-of-concept and safety study 
was undertaken using the Symplicity system 
in 45 patients with resistant hypertension, 
across sites in Australia and Europe. Partici-
pants were required to have an office systolic 
BP ≥160 mmHg, despite three or more anti-
hypertensive drugs, including a diuretic. This 
small study reported that RDN with the Sym-
plicity catheter had a good safety profile, and 
produced a large and sustained office BP reduc-
tion of 27/17 mmHg at 12 months [23]. Given 
these promising results, the initial cohort of 
45 nonrandomized patients was expanded to 
153 patients, with longer-term follow-up. (Sym-
plicity HTN-1) [25]. The larger cohort had an 
absolute reduction in office BP of 29/14 mmHg. 
These patients were considered to be genuinely 
refractory to treatment as the mean initial office 
BP was 176/98 despite an average of five antihy-
pertensive agents. The reduction in office BP was 
sustained out to 24 months after the index pro-
cedure, while a small subgroup of the Symplic-
ity HTN-1 cohort followed out to 36 months 
exhibited ongoing BP response [17,26].

The largest prospective, randomized trial 
undertaken to date is Symplicity HTN-2. 
This study included 106 participants rand-
omized to RDN or to a control group, with 
similar inclusion criteria to Symplicity HTN-1 
 (Figure 4). Patients who underwent RDN had 
a significantly greater reduction in office BP 
compared with the control group at 6 months 
(32/12 vs 1/0 mmHg, respectively; p = 0.0001) 
[27]. This BP reduction was sustained at 1-year 
 follow-up [28].

Both Symplicity HTN-1 and -2 have a number 
of important shortcomings, including absence of 
blinding, reliance on office BP measurements for 
the primary end point, and use of first generation 
equipment. They were largely studies designed 
to assess proof-of-concept and evaluate safety of 
the novel technology. To address some of these 
concerns, the pivotal US trial – Symplicity 
HTN-3 – has a prospective, randomized, single-
blind study design comparing RDN with a sham 
procedure. It has completed enrollment and the 
main results are expected in 2014. The primary 
end points are change in office systolic BP from 
baseline to 6 months, and major adverse events to 
1 month. The change in 24 h BP from b aseline to 
6 months is a secondary end point [29]. A recent 
media release from Medtronic, Inc. stated that 
while there were no safety concerns, Symplicity 
HTN-3 did not achieve its primary efficacy end 

point. The final results and  manuscript are yet 
to be published [101].

 nOther devices
Of the many companies are making devices 
for RDN, four have currently reached the 
stage of receiving the EU CE mark  (Figure 5): 
EnligHTN™ (St Jude Medical, MN, USA), 
Vessix™ Vascular V2 (Boston Scientific, MA, 
USA), OneShot™ (Covidien, CA, USA) and 
PARADISE® (ReCor Medical, CA, USA) [30]. 
Although none of these systems has randomized 
trial evidence, early first-in-human evaluations 
have shown promise. Although the reduction 
in office BP at 6 months appears similar to that 
seen in the early Symplicity trials, these studies 
have in addition captured ambulatory BP data, 
although formal reporting is awaited. 

The EnligHTN system is 8 F-compatible 
with four monopolar electrodes mounted on an 
expandable basket with a deflectable tip, con-
nected to a RF generator. A standard dispersive 
electrode (grounding pad) is applied to the skin. 
The EnligHTN I study assessed safety and BP 
reduction in 46 participants with office systolic 
BP ≥160 mmHg (or ≥150 mmHg in those with 
diabetes) on three or more antihypertensive 
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Figure 1. Integration of sympathetic afferent and efferent activity in 
regulation of blood pressure. 
BNP: Brain natriuretic peptide; RASS: Renin–angiotensin–aldosterone system; 
RBF: Renal blood flow; Sym: Sympathetic. 
Reproduced with permission from [24].
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medications. At 6 months follow-up the mean 
office BP reduction was 26/10 mmHg [31].

The OneShot system is a 9 F-compatible 
balloon-mounted system with a helical silver 
monopolar electrode connected to an RF gen-
erator. During ablation, the balloon is inflated to 

nominal size with normal saline at 1 Atm pres-
sure, while saline seeps from the balloon through 
micropores irrigating, cooling and minimising 
damage to nontarget tissue. The treatment time 
is typically 2 min on each side. An initial feasi-
bility study of nine patients showed a reduction 
in office BP of 31/10 mmHg at 12 months. A 
randomized, controlled trial is in progress [32,33].

The Vessix V2 is a balloon-delivered system 
with bipolar RF electrodes mounted in a heli-
cal pattern on the balloon. Energy is delivered 
simultaneously by all electrodes. Typically, only 
30 s is require to deliver ablative energy on each 
side so procedural duration is reduced compared 
with the Symplicity system. Provisional results 
of a 120 patient feasibility study, REDUCE-
HTN, demonstrated a 27/12 mmHg office BP 
r eduction at 6 months [102].

In contrast to the other devices, ReCor sys-
tem utilizes focused high-energy intravascular 
ultrasound generated by a transducer located 
within an 8 F-compatible balloon catheter. Dur-
ing therapy, the balloon is expanded to stabilize 
the transducer position. The initial cohort of 
15 patients exhibited a reduction in office BP 
of 32/17 mmHg at 6 months [34]. In addition, 
a number of other devices have early published 
data but are yet to receive a CE mark (see the 
‘Future devices’ section).

 nSustained efficacy
A recent meta-analysis assessed the effect of RDN 
on BP reduction for patients with resistant hyper-
tension in 12 published studies including two ran-
domized trials (n = 133 patients), and ten obser-
vational studies (n = 446 patients). Office BP 
reduction at 6 months for controlled trials (two 
studies) and observational studies (ten studies) 
was 29/11 and 25/10 mmHg, respectively, with 
no difference in the magnitude of BP reduction 
between the various catheter systems evaluated in 
the included studies [35]. A second recent meta-
analysis was designed to assess whether RDN 
resulted in either a ≥10% drop in BP or reduction 
in the number of antihypertensive agents, and 
included four studies with 180 patients under-
going RDN and 90 control subjects. Those who 
underwent RDN had a 50-fold increase in the 
odds of having at least a 10% BP reduction and a 
fourfold increase in the odds of being on three or 
fewer antihypertensive medications (p < 0.0005 
and 0.006, respectively) [36]. However the results 
of both meta-analysis must be interpreted with 
caution given limitations of the included studies.

In summary, much of the data support-
ing use of RDN have been accumulated from 

Treat distal to proximal

≥5 mm spacing

Kidney Aorta

Figure 2. The Symplicity™ (Medtronic Inc., CA, USA) mono-electrode renal 
denervation catheter. (A) The Symplicity mono-electrode renal denervation 
catheter. Note the trigger on the handle that allows the tip to flex and maintain 
contact with the arterial wall. (B) The catheter has been advanced down the right 
renal artery and radiofrequency energy is delivered at the catheter tip for an 
ablation of 2 min. (C) The catheter is withdrawn and rotated; further ablations are 
performed along the length of the renal artery in a spiral fashion. 
Reproduced with permission from [29].
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proof-of-concept and various first-in-human 
studies of novel technology, designed largely to 
assess short-term efficacy and device safety pro-
files. There is a paucity of randomized trial evi-
dence to support best clinical practice. However 
pooled meta-analysis data suggests that currently 
available devices are able to achieve a degree of 
BP lowering of comparable magnitude to that 
seen in the early Symplicity trials. In addition, 
no data yet exist to determine whether the BP 
reduction observed following RDN translates 
into improved morbidity and mortality. It is 
not yet possible to determine whether com-
plete or adequate renal nerve ablation is being 
achieved during the procedure itself. Interest-
ingly one Symplicity trial substudy assessed 
postprocedure norepinephrine spillover and 
demonstrated a significant reduction following 
RDN. Although this measure requires expertise, 
this may potentially represent a reliable surro-
gate marker to indicate effective afferent renal 
sympathetic ablation [23]. Radiotracer dilution 
techniques, used in the early proof-of-concept 
human trial also showed a 47% reduction in nor-
epinephrine spillover assessed 1 month following 
RDN (Figure 6) [23]. RDN has also been shown 
to reduce muscle sympathetic nerve activity. A 
small study of 25 patients who underwent RDN 
were assessed with both baseline and 3-month 
follow-up measurements of blood pressure and 
muscle sympathetic muscle activity. At  follow-up 
in patients who underwent denervation there 
was a significant reduction in all properties of 
single unit and  multiunit s ympathetic muscle 
activity [37].

 nSafety
Accumulated clinical experience using RDN 
has confirmed that the procedure has a good 
safety profile. In the Symplicity HTN-1 and 
-II, trials the procedure was completed with-
out major complication in 98% of cases [23,24]. 
Most complications were related to the access 
site (primarily small hematoma), but one guide 
catheter-induced renal artery dissection was also 
documented. In total, 13% of patients also suf-
fered transient bradycardia, sometimes requir-
ing atropine, presumably reflecting a vagal 
response associated with sheath insertion into 
the femoral artery or pain during ablation.

Reassuringly no evidence of deterioration 
in renal function has been reported following 
RDN. At 1-year follow-up in Symplicity HTN-1, 
no change in glomerular filtration rate (GFR) 
was observed. In Symplicity HTN-2 renal func-
tion was assessed by serum creatinine, estimated 

GFR (eGFR), and cystatin C levels, all of which 
were largely unchanged at 6 months [23,25–27,38]. 
Patients with an eGFR <45 ml/min/1.73m2 were 
excluded from the Symplicity trials, so the effect 
of RDN on long-term renal function in patients 
with pre-existing severe renal impairment is less 
certain. A recent small series suggests that RDN 
in this group of patients is however possible: a 
series of 15 patients with resistant hypertension 
and stage 3–4 chronic renal impairment (mean 
eGFR 31 ml/min/1.73m2) underwent RDN. 
The postprocedure eGFR remained unchanged 
suggesting a favorable short-term safety profile 
in this group of patients [39].

There have been isolated case reports of 
patients developing a secondary rise in BP fol-
lowing RDN due to the development of renal 
artery stenosis. Angiographic evidence of dis-
section was not noted in any of these cases. It is 
unknown whether the lesion was a direct result 
of ablation vessel injury or natural progression 
of pre-existing disease [40,41].

Current guidelines
RDN is not yet commercially available in the 
USA, the technology being restricted to inves-
tigational use in clinical trials. Consequently, 
no formal consensus guidelines are available. 
However, the European Society of Hyperten-
sion and European Society of Cardiology have 
both released position statements acknowledging 
that RDN is an effective therapy when applied to 
carefully selected patients with proven resistant 
hypertension [41,42]. Both societies also noted that 
there were a number of unanswered questions, 
and recommended the need for expert opinion 

Figure 3. Renal denervation using EnligHTN™ (St Jude Medical, MN, USA). 
(A) Selective angiography of left renal artery, not short distance prior to major 
bifurcation. (B) St Jude EnligHTN basket inserted and expanded through 8-F RDC 
guide catheter.
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regarding patient selection, cost–effectiveness 
and appraisal of benefit/limitations of existing 
RDN technology.

 n Patient selection
Appropriate patient selection is critical, and 
should be made by a hypertension expert in a 
specialized center. Optimal medical therapy is 
an important prerequisite, as there is no evi-
dence that RDN is a substitute for pharmaco-
therapy. Therefore, those presently considered 
eligible for RDN should have a documented 
BP ≥160 mmHg (or ≥150 mmHg in those with 
diabetes) on at least three antihypertensive medi-
cations (of which one should be a diuretic) and 
appropriate lifestyle measures. Pseudoresistance 
(white-coat effect) should be excluded with 
ambulatory BP monitoring, as should s econdary 
causes of hypertension.

Renal arteries must be anatomically suitable 
for RDN. This requires an adequate length and 

caliber prior to the first vessel bifurcation – with 
current technology this is typically a minimum 
20-mm length and 4-mm diameter, respectively. 
The vessels also need to be free of significant 
stenosis, although there are anecdotal reports of 
combined denervation and renal artery stenting in 
patients with renovascular disease [42–44]. Acces-
sory renal arteries can be denervated with some of 
the devices, although it remains uncertain whether 
denervating smaller vessels adds clinical benefit. 
Renal anatomy is best assessed preprocedure with 
either computed tomography or MRI renal angi-
ography. Ultrasound may suffice as an initial 
screening tool, for example in those with mod-
erate-to-severe renal impairment, combined with 
invasive angiography at the time of denervation.

 n Cost–effectiveness
Cost–effectiveness analysis is limited by the 
paucity of clinical trial data (and use of hyper-
tension as a surrogate outcome measure in place 
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Reproduced with permission from [27].
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of clinical events) and the limited duration of 
patient follow-up. Despite the initial capital cost 
of the generator and the associated device and 
procedure costs, on a per-patient basis, RDN 
appears to be a highly cost-effective procedure. 
A recent analysis calculated that the discounted 
lifetime incremental cost–effectiveness ratio was 
US$3071 per quality-adjusted life-year. RDN 
was cost saving for a systolic BP between 160 
and 172 mmHg. While RDN has an additional 
cost at time of therapy, if the BP reduction is 
sustained long term, it will become increasingly 
cost effective over time [45].

Future devices
In addition to those devices currently available 
commercially, numerous novel device technolo-
gies are under development, and existing catheter 
systems continue to be improved. It is likely that 
many systems will soon be 6 F guide-compatible 
and able to access the renal arteries via a radial 
approach, which should reduce vascular access 
site-related complications. In addition there may 
be noninvasive denervation procedures, such as 
externally applied ultrasound.

 n Symplicity Spyral
The Symplicity Spyral Multi-Electrode RDN 
catheter (Medtronic, Inc.) is an evolution of the 
single electrode Symplicity catheter, using four 
electrodes to deliver RF energy simultaneously 

via a highly conformable catheter. The new 
design was developed to reduce procedure time, 
and allow improved deliverability and consist-
ency of energy application. An early feasibility 
study was conducted in 29 patients with similar 
inclusion and exclusion to Symplicity  HTN-1. 
At 1-month BP reduction was 16/7 mmHg 
compared with baseline, while procedural 
time was reduced by 33 min compared with 
the single electrode  catheter used in Symplicity 
HTN-2 [103].

Several other ultrasound based systems are 
also available. TIVUS (Cardiosonic, Tel Aviv, 
Israel) utilizes high intensity ultrasound deliv-
ered endoluminally, and is currently undergo-
ing preclinical evaluation. In contrast to high 
intensity TIVUS and ReCor systems, the Kona 
Medical system (Campbell, CA, USA) uses low 
intensity focused ultrasound directed from an 
external source. Although early clinical studies 
used an endoluminal tracer beacon sited in the 
renal artery, it is hoped that once tissue pen-
etration paths have been fully characterized, the 
device will become entirely noninvasive.

In addition, adapting standard electrophysi-
ology cryocatheters for RDN procedures has 
been considered. Theoretic advantages of utiliz-
ing this technology relate to concerns that heat 
generated at the tissue-electrode interface dur-
ing RF energy delivery may produce superficial 
injury but limit the depth of the lesion, while 

Figure 5. Current CE-marked devices. (A) Symplicity™ Monopolar (Medtronic Inc., CA, USA), 
(B) EnligHTN™ (St Jude Medical, MN, USA), (C) PARADISE® (ReCor Medical, CA, USA), (D) Vessix™ 
V2 (Boston Scientific, MA, USA) and (E) OneShot™ (Covidien, CA, USA). 
(A) Reproduced with permission from Medtronic Inc.; (B) Reproduced with permission from St Jude 
Medical; (C) Reproduced with permission from ReCor Medical; (D) Reproduced with permission from 
Boston Scientific; and (E) Reproduced with permission from Covidien. 
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creating a nidus for char formation on the cath-
eter. Both ThermoCool (Biosense Webster, CA, 
USA) and Mariner (Medtronic, Inc.) have tested 
devices with initial experience being promising.

Another method for achieving RDN is by 
locally delivered autonomic nerve-blocking 
drugs. The Bullfrog Microinfusion catheter 
(Mercator MedSystems, Inc., CA, USA) has 
a catheter tipped with a balloon-sheathed 
microneedle. Localized sympathectomy is 
achieved by delivery of guanethidine through 
the microneedle after stabilization of the bal-
loon by inflation with saline. Early experimental 
studies in porcine models demonstrated success-
ful drug delivery and a significant  reduction in 
renal  norepinephrine release [46].

Potential benefits other than 
hypertension
Excessive sympathetic activity is thought to 
have an important role in many conditions 
apart from hypertension. Although speculative 
and as yet untested, RDN may prove to have 
a therapeutic role for the treatment of diabe-
tes, heart failure, chronic kidney disease and 
arrhythmias [47].

 n Glucose handling
Sympathetic nerve activation has a central role 
in insulin resistance and the development of 
diabetes. A recent small series assessed the ben-
efit of RDN on glucose metabolism in patients 
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assessed by the radiotracer dilution method, at baseline and 30 days after the procedure. After 
ablation, decreases in renal norepinephrine spillover were observed in both kidneys (48% in the left 
kidney and 75% in the right kidney), indicating substantial modulation of renal sympathetic efferent-
nerve activity after the procedure. (B) Simultaneously, a marked reduction in whole-body 
sympathetic-nerve activity was apparent, with a decrease in whole-body norepinephrine spillover of 
42%. (C) Shows a reduction in MSNA, as assessed in the peroneal nerve on microneurography, after 
bilateral renal-nerve ablation, which highlights the possibility that inhibition of afferent renal-nerve 
activity may contribute to a reduction in central sympathetic drive. 
MSNA: Muscle sympathetic-nerve activity. 
Reproduced with permission from [64].
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with resistant hypertension. Patients with treat-
ment-resistant hypertension who underwent 
bilateral RDN (n = 37) were compared with 
control patients (n = 13). Those who under-
went RDN had significant reductions in fast-
ing glucose levels (118–108 mg/dl; p = 0.039) 
and basal insulin requirements (20.8 ± 3.0 to 
9.3 ± 2.5 µIU/ml; p = 0.006) at 3 months of fol-
low-up [48]. Similarly, improvements in glucose 
tolerance have been observed in ten patients 
with resistant hypertension and obstructive 
sleep apnea following RDN [49].

 n Cardiac arrhythmias
Autonomic tone influences chronotropy, dromo-
tropy, sinus node and atrioventricular conduc-
tion and therefore RDN may prove useful in 
the management arrhythmia. In humans, RDN 
has been shown to reduce both heart rate and 
increase the PR interval [50]. Animal studies have 
shown that RDN may improve rate control and 
reduce the risk of atrial fibrillation [51,52]. In 
one recent small hypothesis generating study, 
27 patients with atrial fibrillation and hyperten-
sion undergoing pulmonary vein isolation were 
randomized to also undergo RDN (n = 13) or 
control (n = 14) [53]. At 12 months, those who 
underwent both pulmonary vein isolation and 
RDN had a significantly lower likelihood of 
atrial fibrillation recurrence. RDN has also 
been successfully utilized for ventricular tachy-
arrhythmia storm in two patients – one with 
nonobstructive hypertrophic cardiomyopathy 
and the other with a dilated cardiomyopathy. 
Following RDN, a marked improvement in 
ventricular tachyarrhythmia frequency was 
reported in both subjects [54]. Further experi-
ence is needed in both settings prior to drawing 
firm conclusions.

 n Heart failure
In systolic heart failure, pharmacological beta-
blockade has been shown to reduce both cardio-
vascular morbidity and mortality, presumably at 
least in part due to modulation of sympathetic 
nervous activity. Recent data investigating RDN 
in this context suggests that this intervention 
can improve symptoms and exercise tolerance at 
6 months [55]. Similarly RDN has been shown 
in refractory hypertension to reduce LV mass 
and improve diastolic dysfunction [56]. This 
observation has led to speculation that RDN 
may improve outcome for those with heart fail-
ure with preserved LV ejection fraction. Further 
studies of the role of RDN in heart failure with 
normal systolic function are currently underway.

 nUnresolved Issues
Uptake of RDN has been rapid and enthusias-
tic. There are a multitude of different compa-
nies developing new percutaneous devices and 
alternative approaches to achieve sympathetic 
neuromodulation [46]. However, more informa-
tion about the downstream effects of RDN is 
needed before RDN becomes widely accepted 
into clinical practice.

First, there is accumulating evidence that 
RDN reduces blood pressure, as yet, no effect on 
either morbidity or mortality has been demon-
strated. There are as yet no studies demonstrat-
ing the effect of RDN on myocardial infarction, 
stroke, heart failure, renal failure and death. 
Secondly, it is feasible that some of the apparent 
benefit of RDN may be a placebo effect. The 
most common cause of ‘refractory’ hypertension 
is patient noncompliance, and some of the ben-
efit of RDN may be from improved adherence 
to prescribed drug therapy. Neither of the Sym-
plicity HTN I and II trials used ambulatory BP 
for the primary end point, instead focussing on 
office BP as the primary outcome measure [57]. 
The reduction in ambulatory BP is usually less 
than that seen with office-based BP measure-
ments, a finding confirmed in a recent series of 
109 patients from the European Network Coor-
dinating Research on Renal Denervation. Fol-
lowing RDN, mean ambulatory BP reduction 
was 5.9 mmHg, compared with a 17.6 mmHg 
fall in the office-based measurements. In addi-
tion, a marked variation in treatment response 
to RDN was noted, with 23% of patients dem-
onstrating no reduction in ambulatory BP at 
follow-up [104].

The discordance between office and ambula-
tory BP responses reported in the trials is inter-
esting, although there are a number of plausi-
ble explanations for these findings [57]. First, 
the baseline office BP measured at the point of 
recruitment into an RDN trial may be overesti-
mated due to the phenomenon of regression to 
the mean. That is, a patient is more likely to be 
deemed suitable for inclusion in a hypertension 
trial when their BP is above their usual mean. 
As the variability of office BP is greater than that 
seen with ambulatory recordings, it is antici-
pated that the magnitude of response using the 
latter measure is likely to be smaller. Second, the 
absence of blinding may introduce potential for 
observer bias. For example, measurements may 
be repeated should a particular BP measurement 
seem incongruous to the anticipated response.  
Third, the ‘alert response’ and ‘white-coat’ effect 
may both be more marked at visit one due to the 
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Executive summary

Burden of hypertension
 � Essential hypertension is a global epidemic that is a major contributor to cardiovascular mortality and morbidity.
 � Despite lifestyle measures and medical therapy there is a significant cohort of patients that have hypertension that is resistant to 

standard treatment strategies.

Catheter-based sympathetic renal denervation
 � Catheter-based sympathetic renal denervation (RDN) is a novel iteration of a historical but effective treatment for hypertension.
 � A number of different device systems have demonstrated a significant reduction in office blood pressure within the context of several 

small safety and feasibility studies, although the impact on ambulatory blood pressure appears to be less dramatic.

Conclusion
 � Early findings of catheter-based RDN studies have been promising.
 � However, (blinded) randomized controlled trial data, including outcome measures is required to further assess the efficacy of RDN and 

define the place of this procedure in contemporary practice.

Future perspective
 � RDN has the potential to become an important adjunct to best medical therapy for the treatment of resistant hypertension. Although 

the presently available data is inconsistent with a number of methodological flaws, ongoing research including randomized trials 
incorporating a sham procedure will help to define both the efficacy of RDN compared with best medical therapy, and the place of this 
procedure in contemporary practice.

 � Although currently being investigated primarily as a tool to improve blood pressure, it is feasible that RDN may encompass a broader 
range of applications where sympathetic nervous system overactivity is detrimental. This includes conditions such as heart failure, where 
RDN may be useful to augment the effect of current pharmaceutical therapy.

presence of a doctor in the consultation room. 
By contrast, follow-up measurements may be 
recorded by other healthcare professionals 
 without the physical presence of a doctor.

Two contemporary large multicenter, 
randomized trials, Symplicity HTN-3 and 
 EnligHTNment were designed to address some 
of these issues, while further insights will come 
from the Symplicity global registry. Symplicity 
HTN-3 has recently completed recruitment 
and randomized to either RDN or a sham 
procedure in a blinded manner. BP reduc-
tion is assessed using both office and 24-h BP 
measurements. The main safety end point is 
a composite of major adverse events including 
all cause mortality, vascular complications, and 
procedure-related complications [29]. However, 
a recent Medtronic, Inc. media release states 
that this trial was negative for the primary 
end point of change in office blood pressure at 
6 months [101]. EnligHTNment will be the first 
trial powered to determine whether RDN for 
refractory hypertension reduces the risk of myo-
cardial infarction, stroke and death. In total, 
4000 patients recruited across 80–150 sites 
worldwide will be randomized to RDN and 
optimal medical therapy versus optimal medi-
cal therapy alone [105]. The EnligHTN IV trial 
was designed to assess safety and effectiveness 
using the EnligHTN Renal Denervation Sys-
tem, with a planned enrolment of 590 patients. 
The primary effectiveness outcome was reduc-
tion in office systolic blood pressure. How-
ever, this trial was recently suspended due to 
poor enrolment [106]. The Symplicity Global 

Registry, running in parallel to the Symplic-
ity HTN-3 trial, will assess the long-term, 
real-world effects of RDN in >5000 patients 
worldwide [58].

There appears to be a nonresponse rate to 
RDN somewhere in the range of 10–30%. 
There is currently no way of determining those 
less likely to respond – the only variable pre-
dicting response to date is the magnitude of 
systolic BP elevation at baseline, with those 
>170 mmHg more likely to respond [59]. It is 
hoped that the above large randomized trials 
and registries will provide further information 
to detect non-responders. Methods of assess-
ing whether non response might be due to 
 incomplete  denervation are also needed.

Future perspective
Given the huge burden of hypertension and 
its associated cardiovascular risks RDN is an 
exciting modality that is likely to have a central 
future role in the treatment of resistant hyperten-
sion. Should the long-term efficacy of RDN be 
proven, and associated with an impact on both 
morbidity and mortality, the remit of RDN may 
expand to encompass less severe forms of hyper-
tension, noncompliant patients and those with 
associated significant renal impairment [59–61]. In 
addition, studies investigating the role of RDN 
as part of the management of heart failure and 
diabetes are underway [59]. The apparent broad 
clinical benefit of RDN has stimulated interest 
in developing other neuromodulation devices, 
some targeting other components of the sympa-
thetic nervous system remote from the kidney. 
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