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The human sympathetic nervous system has an important regulatory role. In its 
dysfunctional hyperexcitatory state, it can lead to multiple pathologies. The renal 
sympathetic nerves play a significant role in these pathological states. Percutaneous 
renal sympathetic denervation (RSDN) allows for safe minimally invasive selective 
denervation of the renal sympathetic nerves. RSDN has been shown to be safe and 
efficacious in blood pressure reduction in earlier nonblinded SYMPLICITY HTN-1 and 
-2 trials. In Europe, it is approved for a select group of truly resistant severe essential 
hypertension. However, its real efficacy is now in doubt with the blinded SYMPLICITY 
HTN-3 trial that showed no significant difference in change in office and mean 24-h 
ambulatory systolic blood pressure between RSDN and sham-procedure arms. This 
review will look at the potential targets for percutaneous RSDN-heart failure, cardiac 
arrhythmias and kidney disease, sleep-disordered breathing and insulin resistance.
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The sympathetic nervous system (SNS) has 
an important regulatory role in the body. In 
its dysfunctional hyperexcitatory state, this 
SNS activation can lead to multiple delete-
rious effects. The renal sympathetic nerves, 
around the renal artery adventitia, play a sig-
nificant role in the pathophysiology of these 
pathological states. Renal sympathetic dener-
vation (RSDN) is a novel percutaneous endo-
vascular catheter technology that allows safe 
selective denervation of the renal sympathetic 
nerves located in the adventitia of the renal 
arteries. This review will look at the potential 
targets for percutaneous RSDN.

SNS in physiology & pathology
The SNS has an important regulatory role 
in the body. However, in its dysfunctional 
counterproductive hyperexcited state, SNS 
activation can lead to many deleterious 
effects (Figure 1) [1,2]. 

The renal sympathetic nerves include 
a rich arborizing network of efferent and 

afferent nerves in the renal artery adventi-
tia and contribute a significant role in the 
pathophysiology of these pathological states 
(Box 1) [1].

Rationale for & description of 
percutaneous RSDN
The rationale for percutaneous RSDN lies in 
the interruption of the excitatory renal sym-
pathetic impact on the target organs. RSDN 
is a novel percutaneous catheter technol-
ogy that allows safe selective denervation of 
the renal sympathetic nerves located in the 
adventitia of the renal arteries [3]. Briefly [2], 
this is a minimally invasive procedure, with-
out the need for permanent device implanta-
tion. Femoral artery access is obtained, fol-
lowed by intra-arterial heparin, aiming for 
a target-activated clotting time more than 
250 s. Both renal arteries are then cannulated 
in sequence using a guide catheter. Before 
treating each artery, the administration intra-
arterial nitroglycerine through the renal 
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guide catheter is recommended to reduce the risk of 
arterial spasm. A proprietary steerable radiofrequency 
(RF) ablation catheter connected to its generator is 
then inserted into the renal arteries under fluoroscopic 
guidance. Several discrete RF ablations (typically 4–8, 
depending on the individual renal artery anatomy) are 
then applied onto the renal artery wall. Each ablation 
lasts up to 2 min, and is 8 W or less. These ablations 
are separated both longitudinally and rotationally 
within each renal artery. The catheter tip temperature 
and impedance are constantly monitored during abla-
tion, with RF energy delivery regulated according to 
a predetermined algorithm. During the RF ablation, 

there is diffuse visceral nonradiating abdominal pain 
of varying intensity. This discomfort does not last 
beyond the RF energy application and can be managed 
safely with intravenous amnesic and narcotic sedatives.

With present experience, complications of percuta-
neous RSDN are not common. In the ongoing Global 
SYMPLICITY Registry, the analysis of the first 1000 
cases that have been done, the major adverse event rate 
was 0.8%. Potential complications of percutaneous 
RSDN include those pertaining to vascular (femoral 
artery) access, for example, bleeding, dissection, vaso-
vagal response and those more specific to renal artery 
cannulation and denervation, for example, renal artery 
dissection, stenosis or impairment.

Resistant hypertension
In Europe, on the basis of the SYMPLICITY-1 [4] 
and -2 studies [5], which have shown RSDN to be 
safe and efficacious in blood pressure (BP) reduction 
(with ongoing efficacy sustained up to 36 months [6]), 
RSDN is an approved therapeutic option for resis-
tant severe essential hypertension with no significant 

Figure 1. Representation of the sympathetic nervous system, demonstrating the complex interaction between afferent sensory 
signaling from the kidney and efferent sympathetic outflow to the kidney, and the multiple deleterious consequences of a 
hyperexcitatory sympathetic nervous state. 
Adapted with permission from [1,2]. 
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Box 1. Pathologies with hyperexcitatory 
sympathetic nervous states.

•	 Hypertension
•	 Heart failure
•	 Cardiac arrhythmia
•	 Kidney disease
•	 Sleep-disordered breathing
•	 Insulin resistance
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renal impairment (estimated glomerular filtration 
rate [eGFR]: ≥45 ml/min/1.73 m2) and suitable renal 
artery anatomy. The European Society of Hyperten-
sion has released a position paper with strict eligibil-
ity criteria for RSDN [7]. In addition to the criteria in 
the SYMPLICITY-1 and -2 studies, this position paper 
emphasized that potential candidates for RSDN have 
a thorough clinical examination to confirm treatment 
resistance and to exclude both pseudoresistance and 
white-coat hypertension with use of home and 24-h 
ambulatory BP monitoring. It reinforced the need 
for close attention be placed on diagnosis and treat-
ment of reversible causes of uncontrolled hypertension, 
including addressing compliance issues and remov-
ing iatrogenic causes. In the latest 2013 ESH/ESC 
Guidelines for the management of arterial hyperten-
sion [8], RSDN is described as a promising method for 
controlling resistant hypertension, but requiring more 
data from properly designed long-term comparison 
trials to conclusively establish its safety and persistent 
efficacy compared with the best possible drug treat-
ments. It goes on to comment that understanding what 
makes renal denervation (RDN) effective or ineffec-
tive (patient characteristics or failure to achieve renal 
sympathectomy) will be important to choose the likely 
responders to this therapy.

However, the definitive proof of the therapeutic 
role of percutaneous RSDN in resistant hypertension 
has been thrown into doubt with the results from the 
SYMPLICITY HTN-3 study [9]. This is the first pro-
spective, single-blind, randomized, sham-controlled 
trial, where patients with severe resistant hypertension 
(confirmed with 24-h ambulatory BP), only achieved 
its 6-month safety (major adverse events in RSDN 
vs sham-procedure arms were 1.4 vs 0.6%; p = 0.67) 
but not its efficacy end points of significant difference 
in change in office systolic BP (SBP) and mean 24-h 
ambulatory SBP between RSDN and sham procedure 
(-2.39 mmHg, p = 0.26 and -1.96 mmHg, p = 0.9, 
respectively) at 6 months.

However, within each group, there was a sig-
nificant change from baseline to 6 months in office 
SBP (-14.13 ± 23.91, p < 0.001 in the RSDN group; 
-11.74 ± 25.94 mmHg, p < 0.001 in the sham-procedure 
group). There was also a significant change from baseline 
to 6 months in ambulatory 24-h average SBP observed 
in both groups (-6.75 ± 15.11 mmHg, p < 0.001 in the 
RSDN group; and -4.79 ± 17.25 mmHg, p < 0.001 in 
the sham-procedure group).

The proportions of patients with a reduction in 
office systolic or diastolic BP of at least 5 mmHg (66.9 
vs 55.6%; p = 0.02) or at least 10 mmHg (58.3 vs 
48.5%; p = 0.04) were also significantly greater in the 
RSDN group than in the sham-procedure group.

Prespecified subgroup analysis has revealed several 
findings. It has shown that the non-African–American 
cohort benefited more from RSDN than the 
African–American cohort with significant between-
procedure group difference in change in office SBP 
(-6.63 mmHg; 95% CI: -11.81 to -1.44; p = 0.01). 
It was also revealed that patients with eGFR 
≥60 ml/min/1.73 m2 (-5.22; 95% CI: -10.51–0.06; 
p = 0.05) and patients less than 65 years (-5.73 mmHg; 
95% CI: -11.06 to -0.40; p = 0.04) may benefit from 
RDSN. These findings behooves further studies as 
the trial was underpowered to detect small differences 
in systolic or diastolic BP or any potential effects in 
subgroups.

In the SYMPLICITY HTN-3 study, there was 
intense medical therapy. In the RSDN and sham-
procedure arms of the study, the mean (± standard 
deviation) number of antihypertension agents were 
5.1 ± 1.4 and 5.2 ± 1.4, respectively, of which the mean 
maximally tolerated antihypertension agents were 
4.0 ± 1.1 and 4.0 ± 1.0, respectively. Interestingly, about 
85 and 45% on both arms were on β-blockers and cen-
trally acting sympatholytics, respectively. Multivariate 
analysis revealed that multidosing (up to 4× per day) 
vasodilators were more commonly administered in the 
sham-procedure arm of the African–American popula-
tion, as well as in non-African–American patients who 
did not achieve a significant response.

What can possibly account for SYMPLICITY 
HTN-3 study efficacy results, which differ 
from the previous SYMPLICITY HTN-1 & -2 
trials?
Compared with SYMPLICITY HTN-1 and -2 trials, 
in the SYMPLICITY HTN-3 study, enrolled patients 
required 24-h ambulatory BP to confirm eligibility, 
and the patients had to be on the maximum-tolerated 
medication dosage. The population studied was more 
heterogeneous. The number of trial sites and operators 
were much larger, and the operators RSDN experience 
lower (3.3 procedures per operator in SYMPLICITY 
HTN-3 compared with 6 procedures per operator in 
SYMPLICITY HTN-1), all of which may have led to 
greater procedural variability, and inadequate denerva-
tion. The Hawthorne effect [10] could account for the 
improved outcomes in the sham-procedure arm, thus 
diminishing the difference in efficacy between the two 
study arms in SYMPLICITY HTN-3.

The 6-month period from baseline to determination 
of the primary end point might be premature to defini-
tively decree that the RSDN procedure is a failure in 
resistant hypertension. If RSDN truly works in resis-
tant hypertension, the drop in SBP in the RSDN arm 
will persist while that of the sham-procedure arm 
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degrades with time, as patient compliance to poly-
pharmacy diminishes and the Hawthorne and placebo 
effects wane.

It is also very possible that SYMPLICITY HTN-3 
is a true result and that RSDN does not work in resis-
tant hypertension. However, it is the authors’ experi-
ence and opinion that it is effective for selected resis-
tant hypertension patients. The challenge is to identify 
which subgroups are likely to benefit the most.

The results from SYMPLICITY HTN-3 study is in 
contrast from the results announced at the American 
College of Cardiology/i2 Scientific Session in Wash-
ington, DC, USA on 30 March 2014, of the 6-month 
analysis of the first 1000 (of the planned 5000) patients 
with uncontrolled hypertension who were treated with 
Symplicity Catheter System (Medtronic, CA, USA) in 
a real-world multinational observational Global SYM-
PLICITY Registry [11].

The safety profile of RSDN was reiterated in SYM-
PLICITY HTN-3 study. Even in the hands of less 
experienced operators in SYMPLICITY HTN-3, the 
major adverse event rate was 1.4% in the RSDN arm 
and 0.6% in the sham-procedure arm. As for efficacy, 
of all patients available for 6-month follow-up, over-
all office SBP reduction was 11.9 mmHg (n = 751) 
and 24-h ambulatory SBP reduction was 7.9 mmHg 
(n = 404). For patients with office BP ≥160 mmHg 
and ambulatory BP ≥135 mmHg at baseline receiv-
ing greater ≥3 antihypertensive medication classes, 
they had a SBP reduction of 20.2 mmHg at 6 months 
(n = 244).

The European Society of Hypertension (ESH) has 
released a statement [12] following the SYMPLICITY 
HTN-3 trial, stating that the conclusion that RSDN is 
ineffective is not justified. It goes on to say that based 
on the rationale of RSDN therapy in resistant hyper-
tension and existing background preliminary data, the 
reaction to the negative results of the SYMPLICITY 
HTN-3 study should not be to prematurely aban-
don the RSDN approach, but to perform more high-
quality studies to further elucidate the role of RSDN 
in resistant hypertension, especially whether specific 
patient groups might benefit from RSDN therapy. 
This is important as there is a significant unmet thera-
peutic need in patients with poorly controlled resistant 
hypertension despite existing pharmacological therapy.

With regard to RSDN’s therapeutic role in resistant 
hypertension, the existing data are less than 5 years 
old, and clinical outcomes data are lacking. Longer-
term safety, effectiveness and clinical outcomes data 
on already concluded trials need to be collected and 
analyzed.

Larger-scale, prospective, randomized, blinded 
clinical outcome trials with different patient groups 

are needed. We need to find out which patient group 
will benefit most, as there is a significant unmet thera-
peutic need in patients with poorly controlled resistant 
hypertension despite existing pharmacological therapy.

Heart failure
Heart failure (HF) is a chronic condition that exerts 
a high disease burden for the individual and the com-
munity [13]. It shares with hypertension, a common 
pathophysiology in the detrimental hyperexcitation of 
the cardiovascular sympathetic drive [14,15].

There have been numerous studies demonstrat-
ing the role of hyperactivation of the SNS in reduced 
ejection fraction HF (REFHF) and in the cardiorenal 
syndrome [16,17] and its association with increased mor-
tality [18–20]. It has also been demonstrated elegantly by 
Petersson et al. [21] that renal noradrenergic activation 
has a strong negative predictive value on outcome in 
REFHF independent of overall sympathetic activity, 
GFR and left ventricle ejection fraction (LVEF). From 
these findings, the authors suggested that treatment 
regimens that further reduce renal noradrenergic stim-
ulation could be advantageous by improving survival 
in patients with HF.

Indirect evidence for the potential benefit of 
RSDN in HF is from the established clinical and 
cardiac remodeling benefits of inhibiting the SNS 
and renin–angiotensin–aldosterone systems by phar-
macological means [22]. However, one notable trial 
of an oral central sympathetic inhibitor, moxonidine 
sinus rhythm (SR) in REFHF was disappointing. 
The MOXCON study [23] was terminated early due 
to excess short-term mortality and morbidity in the 
moxonidine SR therapy arm. The authors’ interpreta-
tion was that the early termination of the trial limited 
conclusions regarding the long-term effects of central 
sympathetic inhibition. Nonetheless, the excess early 
mortality and morbidity suggested the likelihood of 
an adverse effect of moxonidine SR and raised con-
cerns regarding the efficacy of generalized sympathetic 
inhibition in HF. This could prove that the premise 
of central sympathetic inhibition in REFHF is wrong 
or it could have been due to excessive and too rapid 
nonselective sympathetic inhibition with this agent. 
This also suggests that organ-selective blockade of the 
SNS may offer greater promise, and selective denerva-
tion of the renal arteries may provide more complete 
and specific blockade of renal sympathetic traffic than 
any combination of central systemically sympatholytic 
agents, while avoiding unwanted multi-organ side 
effects from profound global SNS inhibition.

There have been several animal studies showing the 
benefit of surgical RSDN in coronary artery ligation or 
pacing induced REFHF in terms of reduced ventricular 
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filling pressures, improved ventricular function, and 
renal salt and volume homeostasis [24–26]. These ani-
mal studies suggest that RSDN may be particularly 
useful in the treatment of HF in patients.

A first-in-man experience investigating RSDN in 
HF was recently published, suggesting the safety of 
the procedure in patients with REFHF [27]. There are 
now numerous ongoing trials on the therapeutic use of 
RSDN in REFHF.

The Renal Denervation in Patients With Chronic 
Heart Failure & Renal Impairment clinical trial 
(SYMPLICITY HF, NCT01392196) is an ongoing 
prospective trial of RSDN in patients with symptom-
atic (New York Heart Association functional class II 
and above) systolic HF (a LVEF less than 40%) 
and moderately preserved renal function (eGFR: 
≥30–35 ml/min/1.73 m2). The results may further 
answer the important question whether RSDN is safe 
and effective in systolic HF. In SYMPLICITY HF, 
cardiac function and/or renal physiological responses 
to RSDN are being studied. A subset will be analyzed 
for intracardiac pressures (right-heart catheterization), 
cardiac and renal norepinephrine spillover, heart-rate 
variability and arrhythmias (Holter monitoring), mus-
cle sympathetic-nerve activity and renal blood flow 
(MAG3 imaging).

The Renal Artery Denervation in Chronic Heart 
Failure study (REACH, NCT01639378) is a prospec-
tive, double-blinded, randomized, controlled safety and 
effectiveness study of RSDN in REFHF. This ongoing 
study will focus on symptoms of HF and ventilatory 
responses to exercise and chemoreceptor stimulation. 
This study will include assessments of symptom sta-
tus, slope of ventilation to CO

2
 production (VE/VCO

2
 

slope) on exercise chemoreflex sensitivity, arrhythmia 
burden and ambulatory BP.

Study of RDN in patients with HF (PRESERVE, 
NCT01954160) is an ongoing Phase II, randomized, 
open-labeled trial, with the primary purpose of assess-
ing the effect of RSDN on urine sodium excretion in 
symptomatic (NYHA II or III) patients with REFHF 
(LVEF ≤40%). Secondary outcome measures include 
clinical, cardiac echocardiographic, biochemical mark-
ers and renal function. Hypertension is not an inclusion 
or exclusion criteria, though orthostatic hypotension 
or known dysautonomia is. Orthostatic hypotension 
is defined by ≥1 of the following feature(s) within 
2–5 min of quiet standing: ≥20 mmHg fall in systolic 
pressure or ≥10 mmHg fall in diastolic pressure.

As there is a proven role of SNS hyperactivation in 
HF, and possible role in the pathophysiology of fluid 
congestion, and dyspnea, both hallmarks of heart 
failure with preserved ejection fraction (HFPEF), 
there may be a potential therapeutic role for RSDN 

in HFPEF. This potential therapeutic role is being 
actively evaluated.

The denervation of the renal sympathetic nerves in 
HF with normal LV ejection fraction (DIASTOLE) 
study [28] is a Phase II, randomized, controlled open-
labeled single-center Dutch trial, evaluating RSDN as 
a treatment option for patients with HFPEF and pri-
mary hypertension. It will investigate whether RSDN 
influences echocardiographic, cardiac MRI, clinical and 
biochemical parameters of heart failure with normal 
ejection fraction.

The RESPECT HF (NCT02041130) is an interna-
tional Phase II trial, involving centers in Australia, New 
Zealand and Singapore. It is a randomized, controlled, 
open-labeled trial assessing the efficacy of RSDN 
therapy on echocardiographic, cardiac MRI, clinical 
and biochemical parameters of patients with HFPEF. 
Hypertension is not an inclusion criteria, though for 
safety reasons, SBP <105 mmHg is an exclusion criteria.

In patients with HF, elevated heart rate is directly 
related to mortality and morbidity [29] and heart-rate 
reduction is associated with improved outcomes [30,31]. 
Dysrhythmia in the form of atrial fibrillation (AF) and 
ventricular arrhythmias are common in HF, and impose 
significant mortality and morbidity burden. Both atrial 
and ventricular arrhythmias are associated with sym-
pathetic hyperactivity in HF [32,33] and the ventricular 
response rate in AF is often an expression of the sym-
pathetic state. However, heart rate remains increased 
in most patients despite contemporary treatment with 
β-blockers [34]. This constitutes a further reason to seek 
new therapeutic approaches. RSDN may be a useful 
strategy to reduce electrophysiological events in HF.

Cardiac arrhythmias
The autonomic nervous system plays a relevant role in 
the onset, maintenance and interruption of ventricu-
lar arrhythmias [35]. In general, sympathetic activity 
facilitates ventricular arrhythmias, whereas vagal tone 
normally suppresses them. The shortening of effective 
ventricular refractory period, thereby allowing re-entry 
circuits, increased ventricular automaticity, and reduc-
tion of the threshold for ventricular arrhythmias are 
regarded as potential mechanisms of arrhythmogenesis 
by elevated sympathetic tone [36]. It has been observed 
that left stellate cardiac ganglionectomy results in both 
reduction of heart rate and shortening of the QT interval 
[37]. These observations give us reasonable assumption 
that RSDN may have a beneficial impact on ventricular 
arrhythmia management, in particular in patients with 
comorbidities such as hypertension, diabetes, coronary 
artery disease and myocardial infarction, where an 
autonomic imbalance leads to a higher risk of ventricular 
arrhythmias [38].
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Ukena et al. has pried open the potential role of 
RSDN for the treatment of cardiac arrhythmias in 
a recent review article [39]. They reason that as the 
autonomic nervous system plays a pivotal role in the 
pathogenesis and maintenance of atrial and ventricu-
lar arrhythmias; renal afferent nerves are regulators of 
central sympathetic tone, and catheter-based RSDN is 
associated with a reduction of central sympathetic activ-
ity, muscle sympathetic nerve activity (MSNA) and BP 
in resistant hypertension. There is a reasonable possibil-
ity of RSDN being able to modulate sympathetic activ-
ity, without affecting peripheral chemoreceptors and 
mechanoreceptors in the heart and other organs. RSDN 
was shown to reduce heart rate in humans and to reduce 
inducibility of AF as well as ventricular rate during AF 
in experimental studies. First evidence indicates that 
pulmonary vein isolation (PVI) in combination with 
RDN increases the rate of AF freedom in patients with 
resistant hypertension. Furthermore, RSDN may have 
a beneficial impact on ventricular arrhythmia, in par-
ticular in patients with coronary artery disease or HF. 
The first clinical evidence came from Pokushalov et al. 
[40] investigating the additive effect of RSDN in patients 
with symptomatic AF and resistant hypertension under-
going PVI. In this study, 27 patients were enrolled and 
randomized to either PVI alone or PVI in combination 
with RSDN. Besides a significant reduction of SBP 
(from 181 to 156 mmHg; p < 0.001) the rate of AF free-
dom at 12 months was also significantly higher in the 
PVI + RDN group (69 vs 29%; p = 0.033) compared 
with PVI alone.

Ukena et al. also recently reported treatment of electri-
cal storm by RDN in two patients as first-in-man experi-
ence [41]. Both patients had symptomatic HF (NYHA 
class III) and suffered from recurrent episodes of ven-
tricular arrhythmias. Cardiac ablation therapies failed 
or were declined, therefore RSDN was performed as 
an experimental attempt to reduce ventricular arrhyth-
mia burden. In both cases, RSDN did not result in any 
apparent acute or chronic hemodynamic complications 
in these normotensive patients. Ventricular arrhythmias 
were markedly reduced in both patients following the 
procedure. As sympathetic activity was not measured 
directly, the efficacy of RDN was indirectly observed 
via an improvement of the glycemic status of one patient 
with diabetes. Further studies investigating RDN for 
treatment of ventricular arrhythmias and electric storm 
are necessary and ongoing.

Renal disease
There is heightened sympathetic tone in patients with 
chronic kidney disease, but the exact mechanisms 
contributing to this remain unclear [42]. In a study 
by Zoccali et al. [43], a cohort of 228 end stage renal 

disease patients undergoing chronic hemodialysis who 
did not have HF at baseline and who had LVEF greater 
than 35% was studied for the association between sym-
pathetic nerve overactivity (as indicated by an elevated 
plasma concentration of norepinephrine) and clinical 
outcomes. It was observed that sympathetic nerve over-
activity was found to be an independent predictor of 
fatal and nonfatal cardiovascular outcomes in end stage 
renal disease.

Animal studies [44] have pointed to the potential 
reno-protective effects of pharmacological sympatho-
lytic agents, independent of BP-lowering effect. In 
humans, centrally acting sympatholytic agents, such as 
moxonidine, have been shown to delay the progression 
of renal failure and reduced MSNA in normotensive 
patients with Type I diabetes mellitus, in the absence of 
BP changes [45–47].

It has also been shown that there may be a role for 
percutaneous RSDN in the treatment of hypertensive 
nephropathy. A pilot study has shown this procedure to 
be safe and efficacious in patients with resistant hyper-
tension and moderate to severe chronic renal impair-
ment [48]. In this pioneering study, bilateral RSDN was 
performed in 15 patients with resistant hypertension 
and stage 3–4 chronic kidney disease (mean eGFR: 
31 ml/min/1.73 m2). CO

2
 angiography was used in 

six patients to minimize contrast nephropathy. eGFR 
remained unchanged after the procedure, regardless 
of the use of CO

2
 angiography. Mean baseline BP was 

174 ± 22/91 ± 16 mmHg despite the use of 5.6 ± 1.3 
antihypertensive drugs. Mean changes in office systolic 
and diastolic BP at 1, 3, 6 and 12 months were -34/-14, 
-25/-11, -32/-15 and -33/-19 mmHg, respectively. 
Night-time ambulatory BP was significantly decreased 
(p < 0.05), restoring a more physiologic dipping pattern.

In an animal study by Luippold et al. [49], 
Sprague–Dawley rats were subjected to bilateral RDN 
before induction of diabetes mellitus (DM) by strep-
tozotocin. Clearance experiments were performed 
2 weeks after onset of moderate DM. Glomerular 
volume was estimated following paraformaldehyde 
fixation in rat kidney slices from measurement of cross-
sectional area of Bowman’s capsule. It was shown that 
renal nerves appeared to be significantly involved in the 
mediation of glomerular hyperfiltration in experimen-
tal DM, and observed that if the kidney is prevented 
from sympathetic nerve stimulation, structural changes 
due to early diabetic nephropathy, in other words, 
glomerular enlargement, were abolished.

Increased renal resistive index [50] and urinary 
albumin excretion are markers of hypertensive end-
organ damage and renal vasoconstriction consequent 
of increased sympathetic activity. In a prospective 
nonrandomized observational study, RSDN safely 
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and effectively reduced BP, renal resistive index and 
incidence of micro- and macro-albuminuria without 
adversely affecting GFR or renal artery structure while 
significantly reducing BP in patients with resistant 
hypertension within 6 months [51]. Whether this reduc-
tion in incidence of albuminuria is due to better BP 
control or is directly via reduced sympathetic tone will 
require further studies.

These above studies highlight the potential appli-
cation of percutaneous RSD to the treatment of kid-
ney disease even without hypertension. More studies 
will be required regarding this potential therapeutic 
indication.

Sleep-disordered breathing
Sleep-disordered breathing in the form of obstruc-
tive sleep apnea (OSA) is highly prevalent in patients 
with resistant hypertension, affecting up to 80% of 
these patients. It is an etiology in resistant hyperten-
sion [52]. It is also independently associated with an 
increased risk of cardiovascular events [53]. Patients 
with OSA have been observed to have elevated MSNA 
[54], which is reduced following adequate treatment of 
the obstruction. There is a pilot observational study 
that shows that catheter-based RSDN lowered BP in 
patients with refractory hypertension and OSA, and 
this was accompanied by improvement of sleep apnea 
severity [55]. This study will reveal the potential role of 
percutaneous RSDN in the treatment of sleep apnea 
with or without hypertension.

Insulin resistance
Sympathetic overactivity has been observed with obe-
sity, insulin resistance [56] and the metabolic syndrome 
[57]. Approximately 50% of patients with essential 
hypertension have insulin resistance [58]. Mahfoud 
et al. have observed that patients with resistant hyper-
tension who had undergone RSDN have exhibited 
improvements in glucose metabolism with reduced 
insulin resistance [59]. They suggest that improved 
peripheral skeletal muscle microcirculation and glu-
cose uptake, together with decrease in glucagon secre-
tion and gluconeogenesis and reduced activity of the 
renin–angiotensin–aldosterone system may be the 
reasons for the beneficial effects of RSDN on glu-
cose metabolism and insulin resistance. RSDN may 
reduce the progression from impaired glucose toler-
ance to frank DM, or, in some cases, may reverse 
underlying DM.

In another study of the effects of RSDN on hemo-
dynamic, metabolic and renal parameters in two obese 
polycystic ovary syndrome patients with hypertension 
[60], where SNS activity was assessed at baseline using 
microneurography and norepinephrine spillover mea-

surements, and insulin sensitivity was assessed with 
euglycemic hyperinsulinemic clamp, it was demon-
strated that post-RSDN, there was an reduction of 
sympathetic nerve activity and improved insulin sen-
sitivity, in the absence of weight change at 3-month 
follow-up. Glomerular hyperfiltration and urinary 
albumin excretion were also reduced.

These studies suggest that percutaneous RSD 
may represent a useful nonpharmaceutical approach 
for treating insulin resistance with or without 
drug-resistant hypertension

Conclusion
Much is known of the role of hypersympathetic states 
in the pathophysiology of multiple highly prevalent 
disease states. Percutaneous RSDN is a novel mini-
mally invasive procedure, without the need for per-
manent device implantation. It has generated much 
excitement in the treatment of resistant hypertension. 
With present experience, it appears to be a safe proce-
dure based on the sound principle of breaking of the 
hypersympathetic activation states at the level of the 
kidney. While its therapeutic role in the treatment of 
resistant hypertension still requires definitive proof, 
there are still multiple exciting future potential indica-
tions for its use. This behooves us to dwell more into 
such research.

Future perspective
From existing trials and real-world experience, percuta-
neous RSDN is shown to be safe. This makes it easier 
for future evaluation of its different potential clinical 
uses. There are already numerous studies as outlined 
above in this endeavor. Its role in resistant hyperten-
sion and HF and other diseased states needs to be fur-
ther clarified, with potential responder patient groups 
identified. At the moment, there are no peri-procedural 
tests or markers to predict the potential response status. 
More studies are needed into this area.

As technology advances, we are already seeing and 
very likely to see more new RSDN systems, with faster 
and/or safer alternative modes of energy delivery, for 
example, Medtronic Multi-Electrode Radiofrequency 
System, which allows for simultaneous application of 
ablation energy at multiple different points in the renal 
artery lumen to denervate the renal sympathetic nerves. 
This allows for shorter procedure time and lower con-
trast dose per procedure; or Kona Medical externally 
focused ultrasound therapy, which does not even 
require arterial access.

RSDN via radial access is already available with 
Terumo Iberis RSDN System. This allows for less 
patient discomfort and patients may be discharged from 
the hospital earlier.
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Executive summary

Background
•	 The human sympathetic nervous system (SNS) has an important regulatory role. In its dysfunctional 

hyperexcitatory state, it can lead to multiple pathologies.
•	 The renal sympathetic nerves play a significant role in these pathological states.
Rationale for & description of percutaneous renal sympathetic denervation
•	 The rationale for percutaneous renal sympathetic denervation (RSDN) lies in the interruption of the excitatory 

renal sympathetic impact on the target organs. It allows for safe minimally invasive selective denervation of 
the renal sympathetic nerves.

•	 A brief description of the procedure is provided.
Resistant hypertension
•	 RSDN has been shown to be safe and efficacious in blood pressure reduction in earlier nonblinded 

SYMPLICITY HTN-1 and -2 trials.
•	 In Europe, it is an approved for a select group of truly resistant severe essential hypertension. However, its 

real efficacy is now in doubt with the blinded SYMPLICITY HTN-3 trial that showed no significant difference in 
change in office and mean 24-h ambulatory systolic blood pressure between RSDN and sham-procedure arms.

•	 Reasons for possible discrepancy in results in the three SYMPLICITY HTN trials are discussed.
Heart failure
•	 Rationale for potential application of RSDN in heart failure (HF) is provided in the form of numerous studies 

showing the role of hyperactivation of the SNS in reduced ejection fraction HF and in the cardiorenal 
syndrome and its association with increased mortality.

•	 The established beneficial role of pharmacological inhibition of the SNS and renin–angiotensin–aldosterone 
systems in HF management provides indirect evidence of the potential benefit of RSDN in HF.

•	 Numerous ongoing studies of RSDN in reduced ejection fraction HF and preserved ejection fraction HF are 
discussed.

Cardiac arrhythmia
•	 The autonomic nervous system role in pathophysiology of cardiac arrhythmia is outlined.
•	 New studies of the potential benefit of RSDN in cardiac arrhythmia management are discussed.
Renal disease
•	 Rationale for potential application of RSDN in renal disease is provided in the form of numerous studies 

showing the role of hyperactivation of the SNS in renal disease with or without hypertension.
•	 RSDN has been shown to be safe and efficacious in patients with resistant hypertension and stage 3–4 chronic 

kidney disease.
Sleep-disordered breathing
•	 Sleep-disordered breathing is highly prevalent in patients with resistant hypertension.
•	 Rationale for potential application of RSDN in sleep-disordered breathing is provided in the form of numerous 

studies showing the role of hyperactivation of the SNS in patients with sleep-disordered breathing.
Insulin resistance
•	 Sympathetic hyperactivity has been observed with obesity, insulin resistance and the metabolic syndrome.
•	 There is high prevalence of insulin resistance in patients with essential hypertension.
•	 Studies suggestive of the potential role of percutaneous RSDN as a nonpharmaceutical approach for treating 

insulin resistance with or without drug-resistant hypertension are discussed.
Conclusion
•	 Percutaneous renal sympathetic denervation is a novel minimally invasive procedure, without the need for 

permanent device implantation.
•	 It is a safe procedure, based on the sound principle of breaking of the hypersympathetic activation states at 

the level of the kidney.
•	 While its therapeutic role in the treatment of resistant hypertension still requires clarification, there are 

multiple exciting future potential indications for its use.
•	 We need to do more research in the therapeutic role of RSDN in various clinical pathologies.
Future perspective
•	 Educated speculations and hopes of RSDN in future clinical practice are explored.
•	 Its role in resistant hypertension and HF and other diseased states needs to be further clarified, with potential 

responder patient groups identified.
•	 Newer, safer and more convenient methods of RSDN are discussed.
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