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Abstract 

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia. Over-activation of the 

sympathetic nervous system (SNS) plays an important role in the pathogenesis of comorbidities 

related to AF such as hypertension, congestive heart failure, obesity, insulin resistance, and 

obstructive sleep apnea. Methods that reduce sympathetic drive, such as centrally acting sympatho-

inhibitory agents, have been shown to reduce the incidence of spontaneous or induced atrial 

arrhythmias, suggesting that neuromodulation may be helpful in controlling AF. Moxonidine acts 

centrally to reduce activity of the SNS and clinical trials inidcate that this is associated with a 

decreased AF burden in hypertensive patients with paroxysmal AF and reduced post-ablation 

recurrence of AF in patients with hypertension who underwent pulmonary vein isolation (PVI). 

Furthermore, device–based approaches to reduce sympathetic drive, such as renal denervation, have 

yielded promising results in the prevention and treatment of cardiac arrhythmias. In light of these 

recent findings, targeting elevated sympathetic drive with either pharmacological or device-based 

approaches has become a focus of clinical research. Here we review the data currently available to 

explore the potential utility of sympatho-inhibitory therapies in the prevention and treatment of 

cardiac arrhythmias.  
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Introduction 

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia. In 2010 the estimated 

number of affected individuals worldwide was 33.5 million, including 20.9 million males and 12.6 

million females. The burden associated with AF increased by 18.8% in males and 18.9% in females 

from 1990 to 2010. The estimated age-adjusted incidence rate is 60.7/100,000 person-years in males 

and 43.8 in females. Mortality associated with AF was higher in females, and increased by 2-fold 

and 1·9-fold in males and females, respectively, from 1990 to 2010. 

 

In most patients there appears to be an inexorable progression from paroxysmal AF to persistent or 

permanent forms. Some advances have been made to better understand the development of AF from 

its preclinical state as an “arrhythmia-in-waiting” to its final expression as an irreversible and end-

stage cardiac arrhythmia associated with serious cardiovascular adverse events. Non-

pharmacological interventions to control the occurrence of AF or to limit its expression have been 

developed in the past decade. Ablation techniques, usually pulmonary vein isolation (PVI), have 

proven successful in the treatment of AF, particularly by reducing the symptomatic burden 

associated with the arrhythmia.   

It is well known that sympathetic nervous system activation can induce significant and 

heterogeneous changes of atrial electrophysiology and induce atrial tachyarrhythmias, including 

atrial tachycardia (AT) and atrial fibrillation [2, 3]. Methods that reduce sympathetic drive have 

been shown to diminish the incidence of spontaneous or induced atrial arrhythmias. In this review 

we focus on the relationship and therapeutic opportunities associated with inhibition of sympathetic 

nervous system activity in the context of atrial fibrillation.  

 

The pathophysiological role of SNA in developing arrhythmias 

The human heart has a rich autonomic innervation composed of vagal nerves and ganglion cells, 

located either outside (extrinsic) or inside the heart (intrinsic), and both are crucial for cardiac 

functioning and arrhythmogenesis [2, 4, 5]. Extrinsic sympathetic nerves originate from the 

paravertebral ganglia, including the superior cervical ganglion, middle cervical ganglion, the 

thoracic ganglia and mostly the stellate ganglion, a major source of cardiac sympathetic innervation. 

The intrinsic cardiac nerves are found mostly in the atria, and are considered the ones mainly 

involved in atrial arrhythmogenesis [6]. The stellate ganglion connects with multiple intrathoracic 

nerves and structures as well as skin [7-10]. Most of the ganglion cells within the stellate ganglion 

(> 90%) are positive for tyrosine hydroxylase (TH), the enzyme responsible for synthesis of 
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catecholamines. However, some ganglion cells are negative for TH but stain positively for choline 

acetyltransferase [11]. Similar findings  regarding TH staining are found in the thoracic vagal 

nerves [12]. Further, vagal nerve recordings in dogs showed that isolated vagal nerve activation can 

induce tachycardia, perhaps consistent with activation of the sympathetic components [13].  

Histological study of the human pulmonary vein (PV)-left atrium (LA) junction [14] has shown that 

numerous autonomic nerves are present. The highest nerve density is found in the left atrium within 

5mm of the PV-LA junction, and nerve density is higher in the epicardium than endocardium. 

Adrenergic and cholinergic nerves are closely bound together at tissue and cellular levels. This 

close co-localization makes it difficult to perform radiofrequency catheter ablation that selectively 

eliminates sympathetic or parasympathetic neural influences. Furthermore, cardiac autonomic 

innervation is subject to constant remodelling. Anatomical examinations of diseased hearts by 

Vracko et al. showed findings consistent with cardiac neural remodelling [15, 16]. Cao et al. 

injected nerve growth factor (NGF) into the left stellate ganglion and induced cardiac nerve 

sprouting in normal canine hearts [17]. Zhou et al investigated the mechanisms of nerve sprouting 

in a canine model of myocardial infarction and showed a persistent elevation of NGF levels in aorta 

and coronary sinus within 1 month after infarction. NGF was transported retrogradely to the left 

stellate ganglion through axonal transport and triggered nerve sprouting in the non-infarcted 

ventricles and atria [18]. Increased atrial sympathetic innervation was associated with increased 

incidence and duration of AF in those animals. These studies show that, while cardiac injury may be 

limited to the ventricles, neural remodelling may occur throughout the heart and ischaemic cardiac 

disease can potentially promote nerve sprouting and increase the incidence and duration of atrial 

fibrillation and ventricular arrhythmias [18].  

Tan et al. have provided insights into the role of autonomic nerve activity in atrial arrhythmogenesis 

using animal models.  They induced heart failure in canine hearts with ventricular pacing and found 

that both stellate ganglion and vagal nerve activity were stimulated [19]. Increased nerve activity 

was directly associated with paroxysmal atrial tachycardia (PAT) in these dogs. Subsequently, a 

canine model of intermittent atrial tachy-pacing was developed, with rapid atrial pacing for 6–7 

days, followed by one non-paced day to examine PAT and paroxysmal atrial fibrillation (PAF) 

without pacing artifacts. Intermittent left atrial (LA) tachy-pacing caused sympathetic 

hyperinnervation, PAF and PAT. Simultaneous sympatho-vagal discharges often precede the onset 

of arrhythmias and likely represent the relevant trigger. About 73% of PAT and PAF episodes were 

preceded by simultaneous sympatho-vagal discharges in this study [19].  
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Optical mapping data showed Ca2+-initiated triggered activity in atrial arrhythmogenesis resulting 

from parasympathetic activation in transgenic mice that develop a fibrotic AF-substrate due to 

overexpression of constitutively-activated transforming growth-factor (TGF)-β [20]. These findings 

are consistent with a previous study [21] that showed AF-induction by simultaneous acetylcholine 

and isoproterenol infusion into the sinus node artery of anesthetized dogs. Direct recordings from 

both the extrinsic nervous system and the intrinsic cardiac nervous system were performed to 

distinguish their roles in the development of AF [22]. After intermittent rapid atrial pacing, 

ambulatory dogs displayed spontaneous PATs before the development of persistent AF. Atrial 

tachyarrhythmias were consistently preceded by intrinsic cardiac nerve activity. These findings 

further support the importance of autonomic ganglia in the pathogenesis of AF associated with atrial 

tachycardia [23]. Since histological studies show extensive co-localization of adrenergic and 

cholinergic nerve structures in the intrinsic cardiac nerves [14], it is possible that the simultaneous 

activation of these two arms of the autonomic nervous system may be involved in arrhythmia 

initiation. 

 

Evidence for protective effects of centrally acting sympatholytic agents - a role of moxonidine 

in reducing sympathetic nervous system overflow and AF burden? 

Atrial fibrillation is the most frequent sustained cardiac arrhythmia in humans and it often 

complicates the natural history of hypertensive patients [24, 25]. Several studies have shown that 

the interaction between electrical remodelling of the atria and the autonomic nervous system can 

induce and maintain AF [19, 3, 26, 27]. Increased parasympathetic activation leads to shortening of 

the atrial effective refractory period (AERP), creating a substrate for re-entries, whereas 

sympathetic tone enhances spontaneous triggered activity [28]. The predominant autonomic cause – 

sympathetic or vagal – seems to depend on the presence of cardio-vascular comorbidities [29]. 

Patients with hypertension, coronary artery disease, obstructive sleep apnoea (OSA) and heart 

failure typically show an elevated sympathetic tone, while the parasympathetic hyperactivation is 

more common in the absence of organic heart disease [26]. Recent studies have suggested that 

combined overactivation of both the sympathetic and parasympathetic limbs of the autonomic 

system may be responsible for AF episodes. Furthermore, it has been shown that an increase in 

adrenergic tone followed by a marked modulation toward vagal predominance preceded episodes of 

paroxysmal AF in both patients with isolated paroxysmal AF and those with structural heart disease 

[30]. 
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 Based on the considerable evidence that the autonomic system plays an important role in the 

pathogenesis of atrial fibrillation, studies have explored the utility of centrally acting 

sympathoinhibitory agents such as moxonidine in modulating elevated sympathetic drive.  

Moxonidine is a centrally acting sympatho-inhibitory agent that acts predominantly through 

stimulation of the I1-imidazoline receptor. It is a second generation antihypertensive agent with a 

well established blood pressure lowering effect of 24-h duration [31-35]. Leprán et al. investigated 

the influence of moxonidine on arrhythmias induced by myocardial ischemia and reperfusion injury 

in conscious rats [36]. Moxonidine significantly decreased the incidence of ventricular tachycardia 

and other arrhythmias. In a subsequent study, Mest and Colleagues [37] found that moxonidine 

significantly increased the threshold dose of ouabain needed to induce ventricular arrhythmias and 

asystole in guinea pigs in a dose-dependent fashion. The ouabain-induced cardiac arrhythmia was 

associated with increased sympathetic tone. Clonidine, a centrally acting α2-adrenoreceptor agonist, 

also increased the threshold dose of ouabain necessary to induce  arrhythmias, but was less effective 

than moxonidine. Moxonidine also reduced aconitine-induced extrasystoles (ES) in the 

spontaneously beating guinea pig auricle.  

 

Based on these preclinical findings, Deftereos et al. tested the hypothesis that a moxonidine-induced 

reduction of sympathetic activation could decrease AF burden in hypertensive patients with 

paroxysmal AF [38].  In this prospective, double-blind, single-group, crossover study, 60 patients 

were treated with moxonidine in addition to their pre-existing medication regimen. The primary and 

secondary outcomes were AF burden and episodes per day, respectively. AF burden was 41% less 

in the moxonidine treatment phase, compared with the placebo treatment period, and the difference 

between the two treatment periods was significant even if an independent comparison was 

performed (p = 0.01). Moreover, AF burden reduction was not related to gender (p = 0.52) or to 

diastolic blood pressure levels (p = 0.72). A significant reduction in the number of AF episodes per 

day was observed, together with a reduction in the severity of AF-related symptoms. Moxonidine 

treatment was not associated with any serious adverse effects.  

 

A subsequent randomized, controlled study by the same group tested the hypothesis that 

moxonidine could reduce post-ablation recurrence of AF in patients with hypertension undergoing 

pulmonary vein isolation for drug-refractory paroxysmal AF [39]. After a run-in period, 296 

patients underwent AF ablation with pulmonary vein isolation, having started the treatment 1 week 

before ablation with an initial dose of moxonidine of 0.2 mg daily. The dose was increased to 0.4 

mg daily (0.2 mg twice daily) after 3 weeks, if tolerated. AF recurred in 55/144 patients in the 



7 
 

control group vs 38/147 patients in the moxonidine group (unadjusted hazard ratio, 0.56 [95% CI, 

0.37–0.86]; P=0.007). While there was no statistically significant difference in terms of blood 

pressure (BP) reduction between the two groups, a lowering of - 3.1/ - 0.9 mmHg in mean 

systolic/diastolic blood pressure (SBP/DBP) from baseline to 3 months was observed  in the 

moxonidine group compared to placebo (p<0.001 and  p<0.01, respectively). Patients with AF 

recurrence were older, with higher body mass index, more episodes of AF in the past year, and 

higher systolic blood pressure (SBP) at baseline (140.3±8.3 moxonidine group vs 138.7±7.8mmHg 

in the control group; DBP at baseline: 82.4±6.5 moxonidine group vs 82.1±6.7mmHg in the control 

group). Left atrial size and left ventricular ejection fraction were also associated with recurrence. In 

the primary outcome analysis, there was an early and significant divergence of the recurrence-free 

survival curves in the two treatment arms was observed (p= 0.006). The moxonidine effect was 

homogeneous across analysed subgroups, e.g., elderly versus younger patients (P=0.07), men 

versus women (P=0.5), high versus low body mass index (P=0.6), and diabetics versus non-

diabetics (P=0.55). The rate of death or hospitalization for any cause was similar, and the frequency 

of potentially-associated treatment adverse effects did not differ in the 2 treatment arms, with the 

exception of xerostomia [40]. These studies support the notion that moxonidine-induced reduction 

in sympathetic drive is effective in reducing AF burden in hypertensive patients and AF recurrence 

rates in patients who underwent AF ablation for symptomatic AF.  

 

The concept of interfering with the autonomic tone to prevent AF recurrences or to reduce 

arrhythmia burden by the suppression of central adrenergic stimulation is interesting. Moxonidine is 

a centrally acting agent that reduces the levels of central sympathetic tone, resulting in suppression 

of atrial arrhythmogenesis [41]. However, as the authors noted that these results should not be 

extrapolated to the general population of patients affected by AF, e.g. patients with impaired 

ventricular function, (who were excluded in this trial if LV ejection fraction was <40%) based on 

previous  results of the “Moxonidine in Congestive Heart Failure [MOXCON] Trial” [42, 43], in 

which moxonidine was found to increase mortality in patients with heart failure (HF) and an LV 

ejection fraction of < 35 %. While it remains unresolved why in the MOXCON trial more people in 

the moxonidine group compared to the control group experienced the primary outcome, it is likely 

that the very high dose used in the trial (up to 3g/d, i.e 5 x as much as the currently recommended 

maximum dose of 0.6 mg for hypertension treatment) and the forced up-titration that was part of the 

protocol may well account for these findings [42]. On this background it would seem appropriate to 

initiate a study to re-investigate whether smaller doses and slow up-titration to 0.4-0.6 mg/d of 

moxonidine may have a beneficial effect in HF patients. Parallels could be drawn to the 
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contemporary use of beta-blockers in HF,, which are commonly initiated at the lowest dose and 

cautiously up-titrated. National and international HF treatment guidelines suggest such a “step by 

step” sympathetic system blockage [44]. While enhanced central sympathetic outflow is an 

indicator of the prognosis of HF  the benefits of monoxidine in hypertensive HF remain poorly 

understood, and studies to better define its therapeutic  role in that patient population are still 

ongoing [41, 45, 46]. 

 

The role of moxonidine in blocking the SNA is probably not limited to AF 

The sympathetic nervous system plays a central role in the pathophysiology not only of 

hypertension and other cardiovascular disorders, but also obesity, which is often accompanied by 

abnormalities in glucose and lipid metabolism.  Autonomic dysfunction may be one of the early 

pathophysiological changes that precedes the development of insulin-resistance and obesity, as 

shown in offspring studies and prospective cohort studies [47-51]. Sympathetic activation often 

occurs in presence of excessive visceral fat accumulation [52-56]. In experimental settings, visceral 

fat has been shown to secrete a large number of adipokines, cytokines, and bioactive mediators 

capable of stimulating the SNS [57]. Whether sympathetic activation is a cause or a consequence of 

obesity remains the subject of debate. 

 

The relationship between abdominal obesity, the metabolic syndrome and the development of AF is 

well established. Further, recent studies have shown clear associations between epi / pericardial 

adipose tissue and AF, suggesting that epicardial fat could increase the risk of developing 

cardiovascular disease, given its direct proximity to the heart [58-60]. Epicardial fat is distributed 

irregularly  between the visceral pericardium and the myocardium and could reach the 

atrioventricular and interventricular grooves and right ventricular lateral wall. The sum of the fat 

deposited outside the parietal pericardium (also called “intrathoracic fat”) and the epicardial fat is 

described as pericardial fat. An increase of pericardial fat is correlated with “lipomatous septal 

hypertrophy”, a condition characterized by localized increases in atrial septal fat and historically 

associated with sick sinus syndrome and atrial arrhythmias [61-64]. A Study by Al Chekakie et al. 

demonstrated an association between pericardial fat and both paroxysmal and persistent AF (p < 

0.001) that was independent of all other major AF risk factors, including LA enlargement. 

Pericardial fat volume was significantly larger in patients with paroxysmal AF compared with those 

in sinus rhythm (p = 0.02), and was larger yet in those with persistent AF compared with the 

paroxysmal AF group (p = 0.001) [65].   
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Two recent cross-sectional analyses of Framingham Heart Study data have provided new insight 

into the relationship between epicardial fat and AF.  Thanassoulis et al observed, in a middle-aged 

to elderly community-based cohort, that higher pericardial fat volumes were associated with about 

40% higher odds of prevalent AF.  This association remained significant after adjustment for body 

mass index (BMI), HF, myocardial infarction and other regional fat depots [66]. A more recent 

analysis by Friedman et al, conducted on 1946 subjects, showed that pericardial fat was associated 

with abnormalities in atrial conduction (PR interval, P-duration, P-amplitude and P-terminal) as 

quantified by P wave indices (PWI), even with adjustment for extra-cardiac fat depots [67].  

 

A Study by Chao et al. enrolled 227 paroxysmal AF and 56 non-paroxysmal AF patients who 

received radiofrequency catheter ablation for the first time [68]. The trial showed that epicardial 

adipose tissue was thicker in non-PAF than PAF patients, suggesting   associations with AF 

chronicity and progression, as previously discussed [65].  The authors concluded that epicardial 

adipose tissue thickness, measured by trans-thoracic echocardiography, could be a convenient 

parameter to predict recurrences after catheter ablation of AF [68]. Another trial confirmed the 

association between the presence of AF, AF chronicity, poorer outcomes after AF ablation and 

pericardial fat volumes (all, p < 0.005) assessed by cardiac magnetic resonance in a population of 

110 patients undergoing first-time AF ablation and 20 control patients [69].  

 

Infiltration of adipocytes from the epicardial fat into the myocardial wall appears to be a key 

mechanism underlying the association between pericardial fat and AF.  Some studies have shown 

that increased pericardial fat is associated with significant increases in left ventricular mass, 

impaired diastolic function and left atrial dimensions [70]. In addition, enlargement of the 

ventricular myocardium and atrial septum associated with marked fatty infiltration may lead to 

electromechanical changes in atrial tissue. It is well established that pericardial fat represents a local 

source of inflammatory cytokines, including tumor necrosis factor-alpha and interleukin-6, which 

have “paracrine actions” such as direct arrhythmogenic effects on atrial tissue [71-74]  (Figure 2). 

These findings, if confirmed, suggest that pericardial fat may represent a novel risk factor for AF. 

Further, recent studies have identified an association between epicardial fat and the presence and 

severity of CAD [75, 76].  

 

Pharmacological approaches to directly or indirectly target SNS overactivity may reduce the cardio-

metabolic consequences of autonomic dysfunction.  For example, a double-blind, placebo-

controlled Study by Haenni et al  [77] that treated 77 patients with  essential hypertension and body 
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mass index > 27kg/m
2
  for 8-9 weeks with  moxonidine or placebo demonstrated improvment in 

insulin-sensitivity  in insulin-resistant patients, but not in  insulin-sensitive  patients with 

moxonidine compared to placebo. The CAMUS Study [78], was a post-marketing surveillance trial 

that assessed the  BP lowering effects of moxonidine in 4005 hypertensive  patients who were 

overweight and/or had the  metabolic syndrome. Patients were begun on moxonidine treatment and 

followed up for 8 weeks. At the end of follow-up, there were  marked reductions in systolic 

(26.9±15.1mmHg; 95% CI: 26.4–27.3) and diastolic (13.2±9.5 mmHg; 95% CI: 12.9–13.5) blood 

pressures that were greatest in patients with the highest baseline blood pressures.. Blood pressure 

reductions were similar in patients with and without the metabolic syndrome [79]. At the end of the 

8-week observation period, patients lost an average of 1.4+2.9 kg (0.5+1.0 kg/m2 BMI change). 

This change was independent of sex or the presence of the metabolic syndrome. The reduction in 

body weight was greater in obese (-1.8±3.5 kg) vs normal-weight (-0.0±1.9 kg) or overweight 

patients (-1.1±2.1 kg).  

 

In a subsequent study the effects of monoxidine vs. metformin on glycaemic control were assessed 

in patients with impaired glucose tolerance and signs of the metabolic syndrome. Moxonidine 

improved insulin sensitivity in an oral glucose tolerance test (OGTT) by reducing  plasma insulin 

levels. These effects were most marked in patients with high sympathetic outflow at baseline. These 

findings were confirmed by the results of the MERSY study [80], a multinational, open-label, 

observational study in a real world scenario in primary care practice. The objective of the trial was 

to assess the effect of long-term  moxonidine treatment on laboratory parameters associated with the 

metabolic syndrome in hypertensive patients. There was a clear trend of improvement in most 

metabolic parameters (i.e plasma glucose was reduced on average by 0.8 mmol/L; TG were reduced 

by 0.6mmol/L). An average weight loss of  –2.1 ± 5.4 kg and an average reduction in BMI of  –0.7 

± 2.0 kg/m
2
 were observed. While uncontrolled and therefore less robust than randomized 

controlled trial data, these observational data, togehter with results of the other smaller randomized 

controlled studies mentioned above cleary indicate that sympatholytic therapy with moxonidine is  

associated with both improved BP control and beneficial effects on clinically  relevant metabolic 

markers. More appropriately designed trials are needed to test whether pharmacological 

sympathetic inhibition is effective in preventing or reversing cardiometabolic disorders, including 

atrial fibrillation, in obese patients. 

 

The potential role of renal denervation 
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A variety of interventional treatment modalities aimed at modulating the autonomic nervous system 

and interfering with imbalances in the intrinsic cardiac nervous system believed to be involved in 

the pathogenesis of AF have emerged in recent years [81]. For example, radiofrequency (RF) 

catheter ablation therapy by means of pulmonary vein isolation (PVI) is an effective and well 

established treatment for symptomatic AF [25]. However,  the rate of recurrence of atrial 

tachyarrhythmias after a single procedure remains releatively high, ranging from 15–60% after 1 

year and 50–70% after 5 years, depending on patient selection and on the type of AF and prevalence 

of comorbidities, including uncontrolled hypertension [82, 83]. The main mechanism involved in 

AF recurrence after PVI is pulmonary vein reconnection. As shown in several studies, post-ablation 

neuromodulation of cardiac innervation and electroanatomical remodelling of the atria are likely 

contributors. 

 

Catheter-based renal denervation (RDN) is an interventional therapeutic approach aimed at 

reducing  sympathetic activity and blood pressure in resistant hypertensive patients [84-90]  (Figure 

1). Among its effects are possible improvments in the severity of obstructive sleep apnea  and 

glucose metabolism in this group of patients [91-93].  Due to its effects on sympathetic tone, RDN  

has also been investigated as a potential additional treatment option for patients with AF, the idea 

being that RDN induced reduction in overall sympathetic drive may be of benefit in the context of 

AF. In a preclinical Study by Linz [94], the effects of RDN compared with β-blockade on atrial 

electrophysiological changes, AF inducibility, and blood pressure during obstructive events and on 

shortening of the atrial effective refractory period (AERP) induced by high-frequency stimulation of 

ganglionated plexi were investigated in 20 anesthetized pigs. RDN reduced AF negative tracheal 

pressure-induced AF-inducibility (p = 0.0001) and attenuated NTP induced AERP shortening more 

than the ß- blocker (p = 0.0272) as opposed to atenolol which did not [94]. Subsequently, the same 

group investigated the effect of RDN on AF-induced shortening of the AERP,, AF inducibility, and 

ventricular rate control during AF maintained by rapid atrial pacing in 12 pigs undergoing RDN or 

sham procedure [95]. During sinus rhythm, RDN reduced heart rate (p=0.0021) and increased 

atrioventricular node conduction time (p=0.0001). RDN reduced ventricular rate during AF 

episodes (p=0.0001) and AF episodes were shorter after RDN compared with the sham group 

(p=0.0091), even if the AERP remained unchanged after RDN.  

 

The first studies  to evaluate the effects of RDN on HR and other electrocardiographic parameters in 

humans found significant differences in sympathetic cardiac tone post treatment. Heart rate 

variability was significantly improved at 3 months post RDN [96]. The first clinical evidence of an 
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effect of RDN in patients with AF came from Pokushalov et al [97]. This prospective randomized 

double-blind study assessed the impact of adding RDN to PVI to prevent recurrence of AF in 27 

patients with a history of symptomatic paroxysmal and/or persistent AF and drug-resistant 

hypertension . Patients were randomized to PVI only (n =14) or PVI with RDN (n= 13). The 

primary endpoint of the study was recurrence of >30s of atrial tachyarrhythmia, including AF and 

left atrial flutter/tachycardia, after a single ablation procedure on no antiarrhythmic drugs. Any 

arrhythmia that occurred during the “blanking period” (the first 3 months after ablation) was 

excluded from the analysis [98]. The secondary endpoints were office blood pressure and safety 

data before and at 3, 6, 9, and 12 months. All patients were treated with antiarrhythmic drugs 

(propafenone or flecainide) for 6 weeks after PVI; these drugs were subsequently withdrawn, 

regardless of the cardiac rhythm, to prevent their influence after the blanking period. At the 12-

month follow-up examination, 9 (69%) of the PVI with RDN group patients were AF-free, while in 

the PVI-only group, just 4 (29%) patients were AF-free on no antiarrhythmic drugs (p = 0.033). The 

patients who underwent PVI only showed no significant changes in blood pressure. By contrast, as 

anticipated, patients treated with RDN displayed a significant and sustained decrease in systolic and 

diastolic blood pressure.  

 

These initial positive results triggered initiation of several clinical trials to further investigate the 

potential adjunctive effect of RDN to PVI in AF. In the H-FIB study [99], a multicenter 

prospective, double-blind, randomized controlled trial, hypertensive patients with symptomatic 

paroxysmal or pesistent AF are randomized to either AF ablation alone or in combination with 

RDN. The primary efficacy endpoint is antiarrhythmic drug-free freedom from AF recurrence 

through 12 months. The study is currently ongoing and the estimated study completion date is July 

2017 [100].  The RSDforAF trial [101] is a randomized, single-blind, parallel-control, multicenter 

clinical trial designed to compare RDN with antiarrhythmic drugs in patients with resistant 

hypertension and symptomatic AF. The primary objective of the study, which is planned to enroll 

up to 200 patients in 6 medical centers in China, is to assess the effects of RDN on both AF burden 

and blood pressure. 

 

A recent analysis from two randomized studies showed that RDN, when added to PVI to prevent 

AF recurrence, is potentially more effective in resistant hypertensive patients than in moderate 

hypertension [102]. At 1 year follow-up 26 of the 41 PVI with RDN patients (63%) were AF-free vs 

16 of the 39 patients (41%) in the PVI-only group (p= 0.014). In patients with severe hypertension, 

PVI + RDN vs PVI-only was significant (p=0.03), whereas for moderate hypertension, the 
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differences were less pronounced and did not reach statistical significance, p=0.19. In a case report, 

the AF conversion to sinus rythm has been reported in a resistant hypertensive patient affected by 

persitant AF and referred for RDN to improve BP control without concomitant PVI. Three months 

later, the patient reported marked improvement in symptoms and exercise capacity although she had 

amiodarone discontinuation due to intolerance [103]. Emerging evidence has shown that RDN 

could be an adjunctive therapy for refractory VT in patients with underlying cardiomyopathy. 

Ukena reported a first-in-man experience in 2 patients with chronic heart failure (non-obstructive 

hypertrophic and dilated cardiomyopathy, NYHA III) and electrical storm, in which RDN was 

performed as an attempt to reduce VT occurrence [104].  The patient with hypertrophic 

cardiomyopathy had persistent monomorphic ventricular tachycardia despite extensive 

antiarrhythmic therapy and repeated endo- and epicardial ablation in the left ventricle. The second 

patient suffered from recurrent episodes of polymorphic ventricular tachycardia and ventricular 

fibrillation but declined catheter ablation. Following RDN, ventricular tachyarrhythmias were 

significantly reduced in both patients (no more episodes in the second patient). Recently Scholz 

[105] reported a case of a patient with dilated cardiomyopathy presenting to a chest pain unit with 

VT storm, refractory to endocardial and epicardial catheter ablation, in whom RDN was performed 

safely in an emergency setting without any significant effect on blood pressure  estimated 

glomerular filtration rate. During a 5-month follow-up, the patient experienced only one more 

episode that required ICD therapy, most likey was due to inappropriate prolongation of the QTc 

interval caused by administration of clarithromycin. These case series, together with the previous 

mentioned data by Linz [95], contribute to a better understanding of the pathophysiologic 

consequences of increased renal sympathetic activity. Results from three ongoing prospective 

clinical trials (RESCUE-VT, RESET-VT and  ARDEVAT) will needed to confirm these potential 

beneficial effects of RDN  [106-108]. 

Conclusions 

Overactivation of the sympathetic nervous system, detectable by increased muscle sympathetic 

nerve activity (MSNA) and renal noradrenaline spillover, leads to increased levels of plasma 

catecholamines and contributes to blood pressure elevation.  Activation of the sympathetic nervous 

system also plays an important role in the pathogenesis of comorbidities related to hypertension, 

such as AF, congestive heart failure, obesity, insulin resistance, and obstructive sleep apnea [109, 

110]. Methods that reduce autonomic innervation or outflow, such as centrally acting sympatho-

inhibitory agents,  have been shown to reduce the incidence of spontaneous or induced atrial 

arrhythmias, suggesting that neuromodulation may be helpful in controlling AF. Moxonidine, a 

second-generation centrally acting antihypertensive drug, reduces the activity of the sympathetic 
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nervous system by activating I 1 imidazoline receptors in the rostal ventrolateral medulla (RVLM) 

[111]. The result is  inhibition of peripheral alpha-adrenergic tone and blood pressure reduction due 

to a fall in systemic vascular resistance [112]. Preclinical studies convincingly demonstrated a 

decreased incidence of ventricular tachycardia and arrhythmias either induced by myocardial 

ischemia or reperfusion injury in rats. Subsequent clinical trials confirmed that moxonidine could 

decrease AF burden in hypertensive patients with paroxysmal AF and reduce post-ablation 

recurrence of AF in patients with hypertension who are undergoing pulmonary vein isolation [38, 

39]. A number of randomized clinical studies  have investigated  the effects of RDN on preventing 

AF recurrence when added to PVI. Several  ongoing trials will provide relevant and eagerly awaited  

information about  its potential role in the management and prevention of AF in hypertensive 

patients. 

FIGURES 

 

 

 

Figure 1:  Catheter-based renal denervation (RDN) is a new interventional therapeutic approach 

aimed to reduce sympathetic activity and blood pressure in resistant hypertensive patients (modified 

from Schlaich M. Hypertension. 2011;57:683-685). 

 

 
SNS = sympathetic nervous system 

AF = atrial fibrillation 

TNF-α = tumor necrosis factor alfa 

IL-6 = interleukin – 6 

RDN = renal sympathetic denervation 
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Figure 2: Activation of the sympathetic nervous system plays a fundamental role in the 

pathogenesis of comorbidities related to the development AF, such as obesity (and particularly 

epicardial fat with its “paracrine action”), hypertension, coronary artery disease and heart failure. 

Renal denervation and sympatholytic drugs may control AF via a reduction in sympathetic outflow. 
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