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Renal denervation: potential indications and review of 
trial data

Renal sympathetic denervation is a novel, endovascular 
treatment with potential utility in resistant hypertension. 
First pioneered in humans in 2010, confl icting data exist 
regarding the effi cacy of this treatment. This article will review 
the evidence to date, the scientifi c rationale for sympathetic 
denervation as a treatment for hypertension and consider 
other possible conditions where the therapy may be of benefi t.
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Introduction

Renal sympathetic denervation has received much attention 
since the proof of principle Symplicity HTN-1 trial in 2009,1 
which demonstrated large reductions in blood pressure following 
denervation in a cohort of patients with resistant hypertension. 
Since then, further data have suggested a potential role in other 
disease processes including heart failure, atrial and ventricular 
arrhythmia, sleep apnoea and diabetes, with trials ongoing in these 
areas. However, the Symplicity HTN-3 trial,2 published in April 
2014, showed no benefi t of renal denervation compared with a sham 
procedure in a large cohort of patients with resistant hypertension. 
This single trial highlighted the importance of a sham arm, and cast 
doubt on the future of this procedure in clinical practice.

Renal denervation: a potential endovascular 
treatment for hypertension?

Hypertension is a common cause of premature morbidity and 
mortality worldwide. It is a major risk factor for stroke and coronary 
artery disease, with each 2 mmHg increase in systolic blood 
pressure being associated with a 10% increase in risk of death from 
stroke and a 7% increase in death from ischaemic heart disease.3 
Even with improved monitoring of blood pressure in primary care, 
approximately 10% of patients have resistant hypertension, failing 
to meet treatment targets despite three or more anti-hypertensives, 
and remain at high risk for future clinical events.

Patients with hypertension commonly have high sympathetic 
activity, which is largely mediated via the renal efferent and 
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Fig 1. Renal efferent and afferent signalling pathways.

afferent nerves. Stimulation of the renal efferent nerve causes 
release of renin from the kidneys and therefore activation of 
the renin-angiotensin-aldosterone system, with consequent 
arterial vasoconstriction and salt and water retention. The renal 
afferent nerves increase activity in response to hypoxia, stretch 
or renal ischemia. Stimulation of the renal afferent nerves 
causes feedback via the hypothalamus, and further stimulation 
of the sympathetic nervous system. The net result of all of these 
mechanisms is to increase the circulating volume of blood and 
to increase the blood pressure (Fig 1).

Renal denervation is a novel catheter-based treatment which 
delivers radiofrequency energy to the lumen of the renal 
artery, targeting the renal efferent and afferent nerves. This 
was fi rst recognised as a potential target for treatment of severe 
hypertension in the 1950s, when surgical denervation was 
accomplished via removal of a number of thoracic and lumbar 
sympathetic ganglia, including those supplying the kidneys. A 
resultant median reduction in blood pressure was observed of 20 
mmHg and a signifi cant improvement in mortality.4 However, 
complications of orthostatic hypotension, urinary and faecal 
incontinence led to discontinuation of the technique.5
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Development of catheters to allow more selective targeting 
of the renal sympathetic nerves led to re-examination of the 
technique of sympathetic denervation. The anatomy of the 
renal arteries and nerves are well suited for endovascular 
sympathetic denervation since both afferent and efferent nerves 
travel together, lying primarily within the adventitia of the renal 
artery, allowing easy access for radiofrequency ablation. The 
renal artery is usually accessed via the femoral artery, with a 
custom designed steerable catheter placed in the ostium of the 
renal artery and the denervation catheter introduced into the 
proximal vessel. A variety of catheter designs are available which 
allow delivery of radio frequency energy to multiple treatment 
sites in both main renal arteries. Treatment is typically delivered 
4–6 times at different locations within the main renal artery, 
with monitoring of temperature and impedance at each point.

The Symplicity HTN trials

Symplicity HTN-1, the proof of concept trial, demonstrated 
large blood pressure reductions in a population of patients 
with resistant hypertension.1 This trial demonstrated that the 
procedure produced reduction in markers of sympathetic over 
activity, with a 47% decrease in norepinephrine spill over one 
month after the procedure and a 50% decrease in plasma renin, 
suggesting an effective reduction in both renal efferent and 
afferent sympathetic activity.

Symplicity HTN-2 was a multicentre randomised controlled 
trial of renal denervation in a population of 106 patients with 
resistant hypertension.6 Patients had a systolic blood pressure 
of 160 mmHg or more (or greater than 150 mmHg in diabetics) 
and were already compliant with three or more antihypertensive 
tablets. Patients were randomised to either treatment with renal 
denervation or usual care. The primary endpoint was offi ce 
based blood pressure at 6 months. This demonstrated marked 
improvement with a difference of 32/12 mmHg difference in the 
renal denervation group (178/96 at baseline, falling to 146/84, 
p<0.0001) compared with no change in the control group 
(1/0 mmHg change over a 6 month follow up). Ambulatory blood 
pressure measurements also demonstrated a signifi cant but less 
marked improvement, with a mean decrease of 11/7 mmHg in 
the denervation group and no signifi cant change in the control 
group (–3/–1 mmHg). This marked reduction in blood pressure 
appeared sustained at 2 years with no evidence of attenuation of 
benefi t  in the original Symplicity HTN-I cohort.7

Other improvements suggesting favourable remodelling of 
the cardiovascular system following renal denervation were 
also observed, with improved heart rate recovery and blood 
pressure response to exercise,8 a signifi cant decrease in the left 
ventricular mass and wall thickness in patients with resistant 
hypertension treated with RDN, and improvements in ejection 
fraction and diastolic parameters (decrease in lateral E/E’ and 
a shortening of the isovolumic relaxation time) demonstrated 
by echocardiography.9 

Symplicity HTN-32 was the largest trial of renal denervation in 
hypertension to date, with the important trial design of a sham 
arm for the control population, in contrast to the previous two 
Symplicity trials where the control group received usual medical 
care. This allowed blinding of the study population. The trial 
enrolled 525 patients over 88 sites; the target population was 
again patients with severe resistant hypertension, on maximum 

tolerated doses of at least three anti-hypertensive medications, 
including a diuretic. The primary end point was the change 
in offi ce systolic blood pressure at 6 months with secondary 
effi cacy end points of change in mean ambulatory blood 
pressure and procedural safety. 

Both the sham and the renal denervation study groups 
experienced a signifi cant reduction in blood pressure over 
the 6 month study period, with a mean change in systolic 
blood pressure of –14±24 mmHg in the denervation group 
and of –12±26 mmHg in the sham arm. This meant that the 
trial failed to meet its primary end point of a difference of 
5 mmHg for superiority of denervation over sham for treatment 
of hypertension. This was a huge surprise to many in the 
hypertension community, where denervation was already being 
offered as a clinical treatment for resistant hypertension in some 
centres based on the data from the fi rst two Symplicity trials.

Opinions regarding the role and effi cacy of renal denervation 
have been divided following the publication of Symplicity 
HTN-3. Many scientists and clinicians felt the results suggested 
that the large blood pressure reductions in the fi rst two 
Symplicity trials were due to a large placebo effect, perhaps 
resulting from increased adherence to drug regimens and 
lifestyle and dietary advice in patients following an invasive 
procedure. The positive effect on a subject simply by virtue of 
participation in a research trial is known as the ‘Hawthorne 
effect’, where apparent improvements in a condition may occur 
due to an increase in attention given to the patient, leading to 
improved compliance with medications or healthier lifestyles.10 

Of central importance is the question of whether patients in 
the trial received suffi cient therapy to produce denervation. 
Unlike the early Symplicity HTN-I trial, which measured 
norepinephrine spillover, no direct or indirect measures of 
sympathetic activity following the procedure were performed 
in this trial. Some clinicians have suggested that the ‘dose’ of 
denervation may have been insuffi cient and that the use of 
88 centres for 525 patients meant the procedures may have been 
performed on a learning curve for operators who therefore may 
have produced incomplete denervation. While such speculation 
is inevitable, it seems unlikely that the controversy surrounding 
this technique can be resolved without further trial data, 
preferably performed with clear measures of sympathetic 
activity to demonstrate effi cacy of denervation.

Renal denervation as a potential treatment of other 
conditions

While the published renal denervation trials to date have largely 
focused on hypertension, other diseases are also characterised by 
sympathetic over-activity and may therefore potentially benefi t from 
renal denervation. Trials are ongoing in heart failure and these are 
due to report in the next year or two. Chronic heart failure patients 
are known to have increased sympathetic tone with subsequent 
maladaptive hyperstimulation of the renin-angiotensinogen-
aldosterone system. It is these maladaptive signalling mechanisms 
that underlie the rationale for treatment with angiotensin-converting-
enzyme (ACE) inhibitors, beta blockers and aldosterone antagonists. 
Norepinephrine spillover from the heart is known to predict 
mortality and need for transplantation in chronic heart failure,11 and 
so it is hoped that renal denervation would reduce sympathetic over-
activity and improve both symptoms and prognosis. 
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The REACH trial12 in systolic heart failure (due to report in 
2015) employs a sham procedure for the control arm, while 
the Symplicity HF trial13 (due to report in 2014/2015) will 
report measurements of renal norepinephrine spillover post 
procedure. Both trials will assess procedural safety in these 
populations as well as changes in symptomatology and objective 
measures of exercise capacity.

Other small trials have demonstrated potential benefi t in 
arrhythmias, glycaemic control and sleep apnoea. A small 
double blinded randomised controlled trial of 27 patients with 
symptomatic paroxysmal or persistent AF and co-existent 
drug resistant hypertension demonstrated a greater proportion 
of patients free of AF 1 year post procedure when treated 
with pulmonary vein isolation (PVI) and renal denervation 
compared to PVI alone.14 This will be further investigated in the 
H-FIB trial, a multicentre randomised controlled trial that will 
assess the effect of adjunctive renal denervation in patients with 
AF and signifi cant hypertension planned for fi rst AF-ablation.15

Renal denervation has also reported to have a potential role 
in treatment of insulin resistance. Sympathetic over-activity 
is known to induce insulin resistance16 and two small trials 
have shown improvement in HbA1c,17 fastin g glucose, insulin 
levels and C peptide levels18 post denervation. Patients with 
sleep apnoea and hypertension treated with renal denervation 
also demonstrated a signifi cant improvement in their apnea-
hypopnea index (from 16.3 to 4.5 events per hour) and Epworth 
sleepiness score.17 Of note, these patients were unblinded to 
treatment allocation, so changes may have been due to the 
Hawthorne effect and improved compliance with treatment.

Patients with polycystic kidney disease commonly experience 
pain due to renal cysts causing distension of the renal capsule 
and traction on the renal pedicle. Pain control can be diffi cult 
and surgical decompression of large cysts may be required. 
Laparoscopic renal denervation is an effective treatment 
for pain refractory to opiod analgesia but requires general 
anaesthesia.19 Catheter based renal denervation may provide an 
alternative, less invasive treatment.20

Summary

Renal denervation is a novel technique which reduces both 
efferent and afferent renal sympathetic nerve activity. Initial data 
showed a dramatic blood pressure reduction in patients with 
resistant hypertension but the only trial to date conducted against 
a sham procedure did not show a signifi cant reduction in blood 
pressure compared to controls. The pathophysiology of many 
conditions, including heart failure, arrhythmia, sleep apnoea 
and hyperglycaemia, suggest there may be a role for denervation. 
However research remains in its early stages in these conditions 
and further trials are required. For hypertension, while a single 
randomised controlled trial demonstrated no benefi t of renal 
denervation compared with anti-hypertensive medication, further 
trials, preferably with assessment of sympathetic activity post 
procedure, are required to clarify the potential role, if any, of this 
procedure in clinical practice. ■
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