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Abstract
Many forms of human hypertension are associated with 

an increased systemic sympathetic activity. Especially 
the renal sympathetic nervous system has been found to 
play a prominent role in this context. Therefore, catheter-
interventional renal sympathetic denervation (RDN) has 
been established as a treatment for patients suffering 
from therapy resistant hypertension in the past decade. 
The initial enthusiasm for this treatment was markedly 
dampened by the results of the Symplicity-HTN-3 trial, 
although the transferability of the results into clinical 
practice to date appears to be questionable. In contrast to 
the extensive use of RDN in treating hypertensive patients 
within or without clinical trial settings over the past years, 
its effects on the complex pathophysiological mechanisms 
underlying therapy resistant hypertension are only partly 
understood and are part of ongoing research. Effects of 
RDN have been described on many levels in human trials: 
From altered systemic sympathetic activity across cardiac 
and metabolic alterations down to changes in renal 
function. Most of these changes could sustainably change 
long-term morbidity and mortality of the treated patients, 
even if blood pressure remains unchanged. Furthermore, 
a number of promising predictors for a successful treat
ment with RDN have been identified recently and further 
trials are ongoing. This will certainly help to improve the 
preselection of potential candidates for RDN and thereby 
optimize treatment outcomes. This review summarizes 
important pathophysiologic effects of renal denervation 
and illustrates the currently known predictors for therapy 
success. 
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Core tip: The initial enthusiasm for renal sympathetic 
denervation (RDN) has disappeared. However, the de
tailed effects of RDN on the complex pathophysiological 
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mechanisms underlying therapy resistant hypertension are 
only partly understood and are part of ongoing research. 
Moreover, a number of promising predictors for successful 
RDN treatment have been identified recently which 
could help to improve future trial design. This review 
summarizes important pathophysiologic effects of renal 
denervation and illustrates the currently known predictors 
for therapy success.
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BACKGROUND
Many forms of human hypertension are associated with 
an increased systemic sympathetic activity[1]. Especially 
the sympathetic nervous system of the kidney plays a 
key role in the pathogenesis and perpetuation of hyper­
tension. An activation of efferent renal nerve fibers 
leads to salt and water retention via stimulation of a1B-
adrenoceptors, activation of the renin-angiotensin-
aldosterone system via β1-adrenoceptors causing th­
ereby an increased systemic blood pressure (BP)[1,2]. 
The release of vasoactive peptides present in renal 
nerve fibers is also controlled by efferent sympathetic 
fibers[3,4]. Via afferent fibers, the kidney itself affects 
systemic sympathetic activity[1].

One option to reduce the systemic sympathetic 
activity is renal sympathetic denervation (RDN). Once 
introduced as a surgical treatment for hypertension in 
the past century[5,6], this interesting therapeutic approach 
lost clinical relevance since medical antihypertensive 
treatment was introduced to practice. As the burden of 
cardiovascular diseases associated with hypertension 
increased over the last decades, RDN experienced a 
renaissance, now as a catheter-based interventional 
treatment option[7]. After the first promising trial results, 
the initial enthusiasm for this therapy strategy was 
markedly dampened, when the results of the sham-
controlled randomized Symplicity-HTN-3 trial did not 
show any significant effect on BP of RDN-treated vs 
sham-treated patients[8]. The results of this particular 
trial are part of an ongoing debate and further trials to 
allow definite conclusion on the effect of RDN on BP are 
on the way[9]. In contrast to the extensive use of RDN in 
treating hypertensive patients within or without clinical 
trial settings over the past years, the detailed effects of 
RDN on the complex pathophysiological mechanisms 
underlying therapy resistant hypertension are only partly 
understood.

In the following review we present a short overview 
of the manifold effects described for RDN so far (Table 1).

EFFECTS OF RDN
BP
The main indication for RDN in the past decade and in the 
past century has been therapy resistant hypertension. 
Therefore, BP as an end point has been included in nearly 
every single trial regarding RDN. In almost any trial, 
controlled, uncontrolled or sham-controlled, a significant 
BP reduction was found after RDN[7,10-14] (Table 2). 
However, the largest randomized sham-controlled trial 
to date, the Symplicity-HTN-3 trial, failed to show any 
superiority of RDN over sham-control, mostly through an 
unexpected drop in BP in the sham-treated arm of the 
trial[8]. 

Another sham-controlled randomized approach, excl­
uding most of the confounding factors which might have 
blurred the results of Symplicity-HTN-3 by careful patient 
selection, the ongoing SPYRAL-HTN trial (NCT02439775), 
will hopefully give a definite answer to this issue soon.

It is of particular interest, that many of the effects 
attributed to RDN result in a reduced BP: A diminished 
systemic vascular tone leading to a reduced afterload, 
sympathetic mediated alterations in cardiac output, 
altered sodium- and volume-state or (via the renin-
angiotensin-aldosterone axis) humoral-mediated cha­
nges. Which and how much these effects contribute 
to a RDN-induced BP drop and how they are counter-
regulated remains an unresolved issue that needs to be 
clarified in future RDN-trials.

Besides other confounders, a constant observation 
in clinical trials is that a proportion of patients does not 
respond to RDN, which might in part contribute to the 
negative results in Symplicity-HTN3. Interestingly, the 
problem of non-responsiveness to renal denervation 
seems to be as old as the procedure itself: Even for 
surgical sympathectomy a high proportion of non-
responders (ranging between 55% and 68%) has 
been described[5,6]. Despite that, a strong positive effect 
on long-term mortality was found in a large series of 
1200 patients[5]. This leads to the question which other 
beneficial effects besides BP reduction RDN might have 
in humans, which might explain this discrepancy.

Renal function and sodium excretion
A potential deterioration of renal function - either by 
renal artery stenosis or by changes in intrarenal hemo­
dynamics - is an often raised concern regarding RDN. 
On the contrary, as renal blood flow and salt/water 
retention is influenced by sympathetic activity[2], RDN 
might have nephroprotective effects.

Two larger non-randomized analyses found glomerular 
filtration rates (GFR) to be unchanged after RDN[15,16]. 
Interestingly, one trial could even show a decrease 
in albuminuria, consistent with an improvement of 
hypertension-induced end-organ damage[16]. In another 
study, examining the effects of RDN in patients with 
impaired renal function, the authors were able to show 
that the hypertension-related deterioration of renal 
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function could be halted with RDN over a follow up of three 
years[17]. This suggests overall beneficial effects of RDN 
on renal function, especially in these patients who already 
suffer from hypertension-induced end-organ damage, 
which will clearly improve long-term mortality. 

Despite the known vasoconstrictive effects of sy­
stemic sympathetic activity on the arterial vasculature[2] 
and significant alterations in an animal study[18], RDN 
does neither seem to improve nor deteriorate renal blood 
flow in humans[15]. Presumably, this can be explained 
by the auto-regulative capacities of the renal vessels 
outweighing any RDN-induced changes.

The putative effect of RDN on renal sodium excretion 
is a promising therapeutic goal. The only human trial 
investigating this hard-to-assess endpoint however 
showed mixed results, as patients with stronger BP 
response after RDN showed a diminished effect on sodium 
excretion compared to those with less BP changes[19]. To 
some extent this might be explained by a compensatory 
dietary sodium intake which was not assessed in the 
study. Therefore, this interesting aspect of RDN needs 
to be investigated thoroughly by additional rigorous 

assessment of dietary sodium intake. An additional MRI-
based quantification of tissue sodium and water might be 
helpful here as elevated concentrations are observed in 
patients with essential hypertension. Sodium and water 
tissue content might therefore represent an interesting 
diagnostic and therapeutic goal[20,21].

Cardiac and hemodynamic changes
Left-ventricular-mass and fibrosis: An elevated left-
ventricular mass is a frequent finding in hypertensive 
subjects[22]. Its presence and its regression through 
therapeutic interventions significantly affects patients’ 
outcomes[22,23]. Therefore, it is a worthwhile therapeutic 
target in the treatment of human hypertension.

Several smaller studies and one recent meta-analysis 
describe a reduction of left-ventricular mass after 
RDN[24-27]. In one of them an additional improvement 
in left-ventricular strain and ejection fraction was ob­
served in patients with reduced values at baseline[24]. 
Besides reversal of myocyte hypertrophy left-ventricular 
fibrosis might be altered by renal denervation, as the 
absolute extracellular volume was found to be reduced 

Table 1  Effects of renal sympathetic denervation

Ref. Year n  (RDN/control) Effector Effect Control

Ott et al[15] 2013 19/- Renal blood 
flow

None None

Pöss et al[19] 2015 137/- Renal sodium 
excretion

Increased sodium excretion, less pronounced in responders None

Mahfoud et al[24] 
Doltra et al[25]

McLellan et al[26]

Lu et al[27]

2014
2014
2015
2016

55/17
5/23
14/-
139/-

Left 
ventricular 

mass

Reduced left ventricular mass after RDN Medical therapy
Medical therapy

None
Meta-analysis

McLellan et al[26] 2015 14/- Atrial 
conduction

Improved atrial conduction after RDN None

Qiu et al[31] 2016 21/- Persistent 
atrial 

fibrillation

Reduced heart rate after RDN None

Armaganijan et al[36] 2015 10/- Ventricular 
arrhythmia

Reduced frequency of ventricular arrhythmia episodes None

Ott et al[15]

Brandt et al[38]

Mortensen et al[39]

Hering et al[40]

Okon et al[41]

2013
2012
2012
2013
2016

19/-
110/10

21/-
Oct-40
23/-

Central hemo-
dynamics

Reduced central BP and augmentation index after RDN
Reduced aortic pulse pressure, pulse wave velocity and 

augmentation index
Reduced augmentation index

Unchanged invasive pulse wave velocity after RDN

None
Medical

None
Medical

None
Donazzan et al[51]

van Brussel et al[52]

Tsioufis et al[53]

Vink et al[55]

Brinkmann et al[56]

Hering et al[57]

Dörr et al[58,59]

2015
2016
2014
2014
2012
2013
2015
2015

11/-
21/-
14/-
13/-
12/-

10/25
150/-
100/-

Sympathetic 
activity

Reduced cardiac sympathetic activity after RDN
Unchanged cardiac sympathetic activity after RDN

Reduced heart rate and arrhythmia burden and improved heart 
rate variability after RDN

Unchanged muscle sympathetic nervous activity after RDN
Reduced muscle sympathetic nervous activity after RDN

Reduced Neuropeptide Y and transiently reduced brain derived 
neutrophic factor after RDN

None
None
None
None
None

Medical
None

Dörr et al[63] 2015 60/- Inflammation Reduced systemic inflammation after RDN None
Mahfoud et al[65]

Verloop et al[66]
2011
2015

37/13
29/-

Insulin 
sensitivity

Improved insulin sensitivity after RDN
Unchanged insulin sensitivity

Medical
None

Ewen et al[71]

Ukena et al[69]

Fengler et al[70]

2014
2011
2016

Oct-50
Sep-37
22/26

Exercise 
testing

Reduced Exercise BP after RDN Medical
Medical

Sham
Lenski et al[72] 2013 36 Orthostatic 

reaction
None None

BP: Blood pressure; RDN: Renal sympathetic denervation.
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after RDN[25]. This finding might be supported by a 
reduced cellular matrix turnover assessed by collagen 
pro-peptides in patients after renal denervation in an 
upcoming laboratory study[28]. 

Atrial fibrillation: Associated with BP reduction, 
RDN has been shown to improve atrial conduction[26]. 
This might allow a look-out on renal denervation as an 
alternative or additional option for the treatment of 
symptomatic atrial fibrillation. This concept is supported 
by two recent animal studies in dogs, where RDN could 
impede the induction of atrial fibrillation[29,30]. Also, for 
persistent atrial fibrillation, RDN was found to reduce 
the heart rate in a small case-series of symptomatic 
patients[31]. Beyond this, several in-human trials reg­
arding this issue are currently ongoing which will 
certainly help to improve our understanding of the intra-
cardiac effects of RDN (NCT01635998, NCT01990911, 
NCT02064764).

Ventricular arrhythmia: As ventricular arrhythmias 
are more likely to occur under an elevated sympathetic 
activity, using RDN as a treatment for refractory ven­
tricular arrhythmia seems a reasonable endeavor[32]. 
Animal studies show promising effects for RDN in 
ischemia-induced arrhythmias when compared to a 
sham procedure[33,34], while inducibility of ventricular 
arrhythmias cannot be prevented by RDN in healthy 
animals[35]. Also a first in-man cohort of 10 patients 
with mainly non-ischemic cardiomyopathies reveals 
a dramatic drop in arrhythmia burden after RDN[36]. 
Nonetheless, further prospective, randomized trials are 
needed to confirm this scope of application for RDN.

Hemodynamics and volume changes: Since 
the effects of RDN on renal water/sodium excretion 
and systemic vasculature are likely to be associated 
with changes in systemic volume status, it would be 
interesting to assess changes in intra-cardiac pressure 
and pressure-volume relations. Also, changes in central 
and peripheral hemodynamics in patients undergoing 

RDN are of particular interest, as they determine the 
incidence of heart failure and potentially the course of 
cardiovascular remodeling[37].

Several trials investigated central hemodynamics 
using non-invasive methods[15,38-40]. Herein, alterations 
of cardiac afterload, namely a significant reduction in 
central pulse pressure and aortic augmentation index 
after RDN could be demonstrated. Also, a reduction of 
non-invasively assessed pulse-wave velocity, indicating 
decreased arterial stiffness after RDN, was observed, 
even if this is conflicting with the results of a smaller 
cohort with unchanged invasively acquired pulse-wave-
velocity 6 mo after RDN[41]. As arterial stiffness is - to 
some extent - a BP-dependent parameter, any changes 
observed after RDN have to be interpreted with caution.

An explicit effect of RDN on cardiac hemodynamics, 
including changes in preload, filling and contractility, 
has - to the present date - not been described. Ass­
essment of hemodynamic changes can be achieved 
via echocardiography, which was part of virtually all 
protocols of bigger studies examining treatment effects 
of RDN. The paucity of published data regarding 
echocardiographically assessed hemodynamic changes in 
patients treated with RDN might imply negative findings 
(assuming a publication bias), might be a consequence 
of the limited sensitivity of echocardiography in detecting 
cardiac filling pressures or might just have been neglected 
so far. Therefore - besides invasive measurements - 
other non-invasive methods like MRI-based analyses 
(e.g., the left atrial transit time) could provide additional 
information here[42]. 

Furthermore, given the described impact of RDN 
on the LV musculature and the arterial system, an 
improvement of ventricular-atrial coupling could be 
assumed after treatment. 

However, as cardiac loading underlies marked intra-
individual changes, reliable assessment of changes in 
central hemodynamics depend on testing of patients 
instantaneously under different physiologic conditions 
(such as rest and exercise) or under longitudinal obser­
vational trial settings. 

Table 2  Blood pressure effects of renal sympathetic denervation

Author Year Control n  (RDN/control) Systolic office 
BP (mmHg)

P-value Systolic ambulatory 
BP (mmHg)

P -value

Krum et al[7] 2009 None 50 -22 < 0.001a NA NA
Esler et al[11] 2010 RDN vs medical 106 (52/54) -32 vs 1 < 0.00001b -11/-7 vs -3/-1 NA
Bhatt et al[8] 2014 RDN vs sham 535 (364/171) -14 vs -12 0.26b -6.8 vs -4.8 0.98b

Desch et al[10] 2015 RDN vs sham 71 (35/36, intention to treat) NA NA -8.5 vs -4.7 0.06b

63 (29/34, per protocol) NA NA -8.3 vs -3.5 0.04b

Rosa et al[13] 2015 RDN vs intensified medical 
treatment

106 (52/54) -12 vs -14 < 0.001a/0.60b -8.6 vs -8.1 < 0.001a/0.87b

Azizi et al[14] 2015 Stepped-care 
antihypertensive treatment 

with vs without RDN

106 (53/53) -15 vs -9 0.15b -15.8 vs -9.9 0.03b

Böhm et al[12] 2015 None 998 -12 < 0.00001a -6.6 < 0.00001a

aP-value for within group change; bP-value for between group change. BP: Blood pressure; RDN: Renal sympathetic denervation; NA: Not available.

Fengler K et al . Pathophysiology of and predictors for renal denervation



440 August 26, 2016|Volume 8|Issue 8|WJC|www.wjgnet.com

Central and peripheral nervous changes
As illustrated above, mediated through afferent central 
nervous fibers RDN also affects the central nervous 
system. Interestingly, overall successful treatment of 
essential hypertension is associated with improved 
neuropsychological performance and to some extent 
with alterations in regional cerebral blood flow response 
to working memory tasks at short-term follow up[43]. 
To date, this has not been assessed for patients under­
going RDN but might be a promising task for future 
trials, especially since uncontrolled hypertension is a 
well-known risk factor for cerebrovascular diseases and 
might contribute to cognitive decline[44].

The link between central-nervous and peripheral 
sympathetic-nervous alterations in hypertensive pati­
ents could further be investigated in assessing to which 
extent central nervous changes are mediated indirectly 
by BP alterations or by increased sympathetic overdrive 
and afferent signaling itself.

The role of a potential sympathetic re-innervation 
after RDN[45,46] warrants further investigation as it might 
partly explain non-responsiveness and lead to negative 
trial results. However, BP reductions in response to 
effective RDN seems to be long-lasting in the data pub­
lished so far[47-49]. 

Systemic sympathetic activity
Direct measurement of the systemic sympathetic activity 
is difficult to perform and is therefore underrepresented 
in clinical trials of RDN[50]. Indirect assessment, however, 
is feasible with different techniques and has been used in 
various trials.

Cardiac scintigraphy: Two small trials (including only 
23 and 11 patients) examined alterations in the cardiac 
sympathetic nervous system activity after RDN using 
scintigraphy[51,52]. Their results were conflicting, as in one 
trial with only a non-significant BP drop in ambulatory 
BP-measurements in the RDN patients, no significant 
alterations in cardiac sympathetic activity were found. 
The other trial found a remarkable impact of RDN on 
ambulatory measured BP and also found a strong redu­
ction in cardiac sympathetic activity. Since the results 
are inconclusive at present, further evaluation in larger, 
adequately powered cohorts is necessary.

Heart rate variability: Another way to measure 
systemic sympathetic activity is assessing heart rate 
variability (HRV). In a small case series, Tsioufis and 
coworkers were able to show RDN achieved a significant 
reduction in patient’s HRV and arrhythmia burden, 
suggesting a reduced systemic sympathetic activity in 
the treated patients[53].

Muscle sympathetic nerve activity: Muscle sym­
pathetic nerve activity is known to be elevated in 
hypertensive subjects[54], indicating a direct link to 
systemic sympathetic activity. Hence, direct intraneural 

recordings could be considered as a good marker for 
treatment success after RDN. So far this hypothesis has 
been investigated in two smaller case series which failed 
to show any alterations through RDN[55,56]. In contrast, 
a prospective controlled trial in 35 patients found 
significant alterations in single- and multi-unit muscle 
sympathetic nerve activity[57]. Despite the latter results, 
overall the role of muscle sympathetic activity as an 
outcome marker in RDN trials is not fully determined 
and warrants further research.

Laboratory markers: Dörr et al[58] investigated the 
role of Neuropeptide Y, a neurotransmitter that is co-
released with norepinephrine and up-regulated du­
ring sympathetic activity. They were able to show a 
significant drop of Neuropeptide Y after RDN which can 
be interpreted as an expression of a reduced systemic 
sympathetic activity.

Successful RDN also leads to a transient down­
regulation of serum brain-derived neurotrophic factor 
immediately after denervation[59]. Since brain-derived 
neurotrophic factor is a neuronal growth factor, this 
adds further evidence for true downregulation of the 
sympathetic nervous system on a neuronal base through 
RDN.

Overall, despite the lack of data for a direct ass­
essment of systemic sympathetic activity in RDN-trials, 
indirect markers strongly indicate that RDN results in 
significant changes of systemic sympathetic activity.

Inflammation
Arterial hypertension is associated with chronic vascular 
inflammation and remodeling[60-62]. In a prospective 
analysis of 60 patients undergoing RDN, a significant 
reduction of pro-inflammatory cytokine Interleukine-6 
and high-sensitive C-reactive protein was achieved[63]. 
This is in particular encouraging, as it might be related 
to beneficial long-term effects of RDN. It has however to 
be debated, if the observed changes are rather related 
to the BP lowering effects of RDN, which might attenuate 
the pathologic immune response, rather than to RDN 
itself.

Metabolic effects
Insulin sensitivity: An elevated sympathetic ac­
tivity seems to be associated with an altered insulin 
sensitivity[64]. Therefore, RDN might help to improve the 
glucose metabolism in patients with a high sympathetic 
overdrive. The first trial to investigate this relation, a 
pilot-study in 50 patients, found a significant change in 
glucose metabolism and insulin sensitivity[65]. Notably, 
only 40% of these patients were diagnosed with 
diabetes mellitus and only 36% had an impaired glucose 
tolerance at baseline. In contrast, a smaller, uncontrolled 
prospective trial did not find any changes in insulin 
sensitivity after a follow up of 12 mo in 29 patients with 
metabolic syndrome[66]. Therefore, the role of RDN for 
improvement of insulin sensitivity remains equivocal. 

Fengler K et al . Pathophysiology of and predictors for renal denervation
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However, if an effect of RDN on this very relevant end 
point could be proven, it could tremendously affect 
patients’ long-term prognosis.

Exercise testing: Exercise BP, an important risk factor 
for future cardiovascular events[67,68], was found to be 
reduced after RDN in two non-randomized studies and 
one sham-controlled trial[69-71]. Also beneficial effects for 
exercise capacity and duration are described for RDN 
without affecting chronotropic competence in treated 
patients[69,71].

Orthostatic effects: Safety concerns regarding potential 
unfavorable orthostatic effects of RDN can largely be 
ruled out due to the lack of the occurrence of orthostatic 
side effects in the large RDN treatment trials and a 
smaller trial which did not find any pathologic alterations 
in tilt table testing for RDN-treated patients[72].

Conclusion
Beyond the still debated effects of RDN on BP in hyper­
tensive patients, a wide range of promising effects has 
been shown. Most of these changes could importantly 
change long-term morbidity and mortality of the treated 
subjects, even if their BP remained unchanged. To 
determine the value of non-BP effects of RDN for clinical 
practice, further long-term data with multiple cardio­
vascular endpoints is needed. 

Until then, it seems prudent to optimize BP outcome 
in RDN trials through the identification of predictors for 
treatment success. In the following we will give a brief 
overview of such predictors that have been identified so 
far.

PREDICTORS FOR SUCCESSFUL RDN
Baseline BP
High BP prior to renal denervation has most frequently 
been described as the strongest predictor of BP red­
uction after RDN[12,73]. However, whether this is related 
to a higher sympathetic activity in patients with higher 
baseline BP or a manifestation of the regression to 
mean phenomenon remains controversial and is an 
unresolved issue to date[74]. Thus, other predictors for 
treatment success in RDN are needed.

Anatomy and technological aspects
Anatomy: The anatomy of the renal arteries seems 
to have considerable influence on the BP response to 
RDN. Importantly, the anatomy of human renal vessels 
shows a high variability[75]. Accessory renal arteries or 
an early bifurcation occurs in approximately one of three 
patients[75]. This is important, as the presence of accessory 
or early bifurcated vessels seems to influence outcome 
negatively[76]. In principle it seems prudent to exclude 
these patients from renal denervation. Nevertheless, in the 
ongoing SPYRAL-HTN trial (NCT02439775) denervation 
of accessories with a diameter above or equal 3 mm is 

planned. This will hopefully clarify the role of accessory 
arteries and early bifurcations soon.

As the sympathetic nerve fibers are closer to the 
lumen in the distal part of the renal vessel[77], ablation 
of the distal main artery or even the side branches are 
also thought to improve outcome[78,79]. 

Technological aspects: One of the major shortcoming 
of RDN is the lack of a direct feedback mechanism during 
intervention[50]. Despite many promising approaches, 
including direct intravascular and (sub-)cutaneous 
measurements of renal sympathetic activity, the 
challenging task of a direct in-vivo feedback for renal 
denervation success is still far away from clinical practice. 
Nevertheless, once a direct assessment method for renal 
sympathetic activity is established this will be a milestone 
in improving renal denervation success[50].

Another technological aspect for future trial designs 
is that denervation success seems to be dependent of 
the number of ablation points as well as the experience 
of the interventional physician[73]. Therefore, RDN should 
only be performed by trained interventionalists and 
as many ablations as possible should be delivered to 
optimize BP outcome.

Most clinical trials regarding RDN were carried out 
using radiofrequency based catheters. The role of 
other devices, like ultrasound-based[80-82] or chemical 
approaches[83,84], remain uncertain, as head-to-head 
comparisons of different techniques are lacking. Ne­
vertheless, ultrasound treatment appears to be a 
promising treatment option, as recent work from our 
group suggests: Treatment of 24 non-responders to 
radiofrequency based RDN with an ultrasound de­
nervation system significantly improved BP[85]. 

Obesity
Obesity seems to be associated with an elevated 
sympathetic activity, even in normotensive subjects[86]. 
Therefore, it might be a good predictor for BP respo­
nsiveness to RDN. In contrast, according to one singular 
study[87] obesity seems to be a predictor for non-
responsiveness to RDN. The results of this trial are 
however somewhat questionable, as this constellation 
was neither found in any other trial[8,73] nor in the even 
large multicenter Global Simplicity Registry[12]. Moreover, 
in two smaller trials a higher body mass index was found 
to be a predictor for responsiveness to RDN[47,88]. To date, 
obesity should not be considered to have any predictive 
value for RDN success until reevaluation in larger, 
adequately powered cohorts has been performed.

Gender
So far the effect of RDN seems to be independent of 
gender. Nevertheless, due to the higher incidence of 
hypertension and therapy resistant hypertension in men, 
women are strongly underrepresented in any clinical 
trial regarding RDN. The percentage of women included 
in trials of renal denervation ranges between 23 and 
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41[8,10,13,14,47]. Realizing a meta-analysis of prospective 
trials could clarify the role of gender for RDN success.

Age
The age of the treated patients itself was not found to 
have a good predictive value for the success of RDN[73]. 
In contrast, considerable evidence was found for va­
scular aging and stiffening as a predictor for renal 
denervation over the last years[41,89].

Vascular aging and stiffness
Arterial stiffening is associated with a high cardiovascular 
mortality in hypertensive patients[90,91]. It also can be 
regarded as a cause for essential hypertension[92,93]. 
Ewen et al[89] found, that the presence of isolated sys­
tolic hypertension - characterized by increased aortic 
stiffness - is associated with a diminished response to 
RDN. In line with these data, our group also found an 
increased aortic stiffness, assessed by invasive pulse 
wave velocity, to be an independent predictor for poor 
BP response to renal denervation[41]. This is a promising 
finding, as isolated systolic hypertension and pulse wave 
velocity, among other markers of vascular aging and 
aortic stiffness, can easily be assessed non-invasively 
and thereby could help improving the preselection of 
patients available for renal denervation. To some extent, 
this might also explain why a trial by Vink et al[94] found 
the presence of cardiovascular diseases (a composite 
of stroke, transient ischemic attack and coronary artery 
disease), which are associated with increased vascular 
stiffness, to be a predictor for BP response to RDN.

Baroreflex
An impaired cardiac baroreflex occurs frequently in 
hypertensive subjects[95]. This might be explained by 
sympathetic overactivity[88]. Therefore, the presence of 
an impaired cardiac baroreflex as an indicator for high 
sympathetic overdrive could be a good predictor for 
renal denervation success. This hypothesis was already 
confirmed by a trial in 50 patients[88], but has not been 
applied in other prospective trials to date.
 
Renal function
Patients with renal diseases have often been excluded 
from clinical trials for safety reasons. Despite these 
considerations, patients with impaired renal function 

show an elevated sympathetic activity[96,97], and therefore 
might be good candidates for RDN. Consequently, Vink 
et al[94] found an inverse relation between the estimated 
GFR and the change in BP after RDN in a hypertensive 
population off antihypertensive medication. However, 
when analyzing patients on antihypertensive medication, 
no significant predictive value for estimated GFR was 
observed. These interesting findings warrant further 
investigation, as - besides enlightening the predictive role 
of renal function - they might partly explain why and how 
antihypertensive drugs interact with the effectiveness 
of RDN. Several trials investigating the effect of renal 
denervation in chronic kidney disease are currently 
recruiting patients (e.g., NCT02002585, NCT01442883).

Conclusion
Despite the disappointing results of the SYMPLICITY-
HTN3 trial, the canon of published data identifies RDN 
as a promising therapeutic option for hypertensive 
patients. Besides direct BP-lowering effects RDN has 
been shown to affect a broad range of pathophysiological 
mechanisms and might even be a viable treatment 
option for patients with other conditions such as heart 
failure or arrhythmias. 

Although various predictors for the success of RDN 
have been identified (Table 3), an optimization for 
the prediction of RDN response is highly desired and 
several trials are ongoing which hopefully will improve 
treatment success and future RDN-trial design. 

Verification of specific treatment effects of RDN 
in carefully and well-designed trials bare the hope to 
secure the role for RDN in treating arterial hypertension 
and ideally in reducing cardiovascular morbidity and 
mortality in the future.
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