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Abstract

Systemic hypertension is the most consistent modifiable risk factor for atrial fibrillation (AF) in adults with consistent data from both
animal models and human studies suggesting a consistent pattern of autonomic imbalance underlying both conditions. Relative sympathetic
nervous system activation is a demonstrably common attendant to the local mechanisms in pulmonary veins that sustain persistent or
recurrent AF and may represent a new objective for adjunctive treatment. Established management of AF aims to achieve durable control
through either pharmacologic or catheter-based interventions. The introduction of catheter-based renal denervation as a safe, alternate
approach to target the sympathetic nervous system therapeutically represents a potential opportunity to treat the shared pathophysiological
mechanisms with minimal additional treatment burden when added in this context. Preliminary investigations have demonstrated both
proof-of-concept and the technical feasibility of combined renal denervation and AF ablation procedures with the suggestion of benefit
in terms of freedom from AF recurrence. The available data is promising but absolute confirmation of efficacy remains unconfirmed in
the absence of more definitive evidence. This paper reviews the role of autonomic imbalance in the initiation and maintenance of AF by
summarizing the observations from both experimental models and clinical studies from the perspective of potential therapeutic overlap

between catheter-based treatments.

Introduction

'The relationship between atrial fibrillation (AF) and hypertension
is both epidemiologically strong and physiologically complex. AF
is the most common sustained cardiac arrhythmia in humans'
with significant morbidity and mortality associations'™ whilst
hypertension independently represents a major health burden at
a population level as a potentially modifiable risk factor across
the spectrum of cardiovascular disease.*® Avenues of potential
therapeutic overlap have been increasingly explored in the context
of associations between hyperactivity of the sympathetic nervous
system, hypertension and both the prevalence and post-treatment
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recurrence of AF. Pharmacotherapy represents the primary strategy
applied to effectively manage both conditions to date though this
paradigm has been increasingly challenged by the arrival of catheter-
based procedural treatments for each disease.”® As AF and resistant
hypertension are frequently coexistent disease states with shared
pathophysiological mechanisms underpinning each condition,
procedural similarity in terms of an endovascular catheter-based
approach easily lends itself to investigation for potential synergy
between the two treatments.

Pulmonary Vein Isolation AF Ablation

Predominantly explored in the context of symptomatic drug-
refractory AF, pulmonary vein isolation (PVI) by atrial endocardial
catheter ablation has emerged into widespread clinical use, obtaining
consensus recommendation for this indication.” Targeting the
primary initiating source of AF,’ real-world experience has seen a
sustained antiarrhythmic response in around 65-75% of cases outside
the clinical trial environment.!® In unsuccessful cases, advanced
structural and electrical remodelling as a consequence of hypertension,
chronic AF and the influence of angiotensin 2 and aldosterone have
been proposed to undermine a lack of durable treatment effect.”*
Underlying these influences, a persistent autonomic trigger via
either sympathetic nervous overactivity or vagal imbalance remains
a demonstrable conspirator to AF vulnerability in both the primary
and recurrent settings.'¢!
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Possible mechanisms contributing to the potential beneficial
effects of renal denervation (RDN) on atrial fibrillation burden. RDN
may reduce afferent signalling via renal sensory nerves which can
HEOICIE result in reduced central sympathetic outflow to various organs
including the heart. Reduced sympathetic cardiac nerve activity,
either alone or in combination with RDN induced BP lowering may
have several beneficial effects on the heart as illustrated.

Renal Sympathetic Denervation

Renal sympathetic denervation is an intra-arterial catheter-
based intervention primarily applied for the treatment of drug-
resistant hypertension. Radiofrequency ablation pulses are delivered
endoluminally in a distal-to-proximal fashion along each renal artery
with longitudinal and radial separation to target the sympathetic
nerves located in the adventitia of the vessel wall. Though the
majority of studies have been performed to safety and blood pressure
endpointsin patients with severe and treatment resistant hypertension,
assessment of norepinephrine spillover has demonstrated that
treatment with a single electrode device on average results in a 47%
reduction of renal sympathetic nerve activity® with corresponding
reductions whole-body sympathetic nervous activity.* The potential
implications of these effects range across a wider spectrum of disease
states associated with sympathetic up-regulation other than simply
hypertension alone.

Promising results from the first in-human clinical trials Symplicity
HTN-1%2* and Symplicity HTN-2% 26 demonstrated substantial
and durable reductions in average office and home blood pressure
measurements of the order of 32/14 mmHg and 20/12 + 13/7
mmHg respectively in denervated patients. The rate of procedural
complications was < 3% in both trials. The release of Symplicity
HTN-3% in early 2014, the first and largest randomised trial
incorporating a double-blind sham-controlled design across 535
patients, has cast doubt on the superiority of antihypertensive effect
compared to medical therapy through failure to reach the primary
efficacy endpoint at 6 months follow up. Whilst this was the most
rigorous trial performed thus far, shortcomings in execution relating
particularly to medication changes during the 6 month follow up phase
and inexperience of operators, with only a small number of patients
actually receiving adequate treatment where bilateral circumferential
ablation was achieved, put these results into perspective. Irrespective
of these issues but very relevant to the potential use of this approach
in other indications, the primary study safety endpoint was met with
a <2% adverse event rate and reinforced prior experience that renal
denervation is a relatively safe intervention with minimal expectation

of clinical harm. This observation remains consistent with an approach
to potentially expand treatment horizons under formalised research
conditions exploring safety and efficacy across broader indications
where sympathetic overactivity is a feature such as impaired glycemic
control,?® sleep apnea,”* and cardiac arrhythmias such as AF.
Evidence of Autonomic Dysfunction in AF

Observations in both animal models of provoked AF and in humans
have suggested that the autonomic nervous system is an important
factor in the precipitation and maintenance of AF. Modulation of
B-adrenergic and cholinergic stimulation in the intact canine heart
has demonstrated a gate-keeper role for autonomic tone fluctuations
in arrhythmogenesis. Excess sympathetic stimulation appears to act
as a potential AF trigger whilst background adrenergic (vagal) tone
may modulate the relative threshold at which AF can be initiated
and maintained under cholinergic drive.’! Further work monitoring
stellate ganglion and vagus nerve activity in ambulatory canines with
pacing induced AF demonstrates more easily inducible and sustained
patterns of arrhythmia with progressive sympathetic activation in the
setting of higher baseline vagal tone.* Spectral analysis of heart rate
variability data from ambulatory Holter monitoring in humans with
paroxysmal AF has reinforced dynamic autonomic imbalance with
sympathetic excess (via acute disruption in vagal tone or cumulative
sympathetic excitation) as a closely time-associated factor in acute
AF episodes.'” % 34 Either pathway to autonomic imbalance may
contribute to dysrhythmia by variation in action potential lengths
and refractory duration of the atria.*

Generalised pharmacological inhibition of the sympathetic
nervous system by moxonidine has been trialled in humans as both
an adjunct to PVI in patients with symptomatic AF*® and as add-
on antihypertensive therapy alone in hypertensive patients with
paroxysmal AF.3” Addition of the centrally acting sympathoinhibitory
agent appears to alleviate AF morbidity and significantly prolong
time to recurrence independent of any systolic antihypertensive effect.

Hypothesising that lowering sympathetic burden through renal
denervation could reduce the occurrence of AF (Figure 1), the first
proof-of-principle intervention studies investigated the impact of
the procedure on AF inducibility during rapid atrial pacing in the
canine model.® Despite an immediate and sustained fall in atrial
refractory time in response to rapid pacing in control animals, those
undergoing renal denervation had no suppressive effect on atrial
effective refractory period. Frequency and duration of inducible AF
episodes were significantly lower in denervated animals compared to
non-denervated controls (1.0 + 1.26 vs 3.14 + 2.54 observed episodes,
P=0.03 and 16.5 + 25.1 vs 86.6 + 116.4 seconds per episode, P=0.02
respectively).®® A further denervation case-control study in the
pacing-stimulated hyper-sympathetic canine model had consistent
findings. AF induction rates were strongly associated with shorter
atrial effective refractory times and higher plasma norepinephrine
levels under stimulated conditions. Both parameters returned to
baseline levels in the renal nerve ablated animals with a substantial
reduction in AF inducibility whilst remaining unaltered in the non-
denervated controls.*” A significant post-intervention blood pressure
reduction was also noted in the treated study arm.

Proof of Concept in Humans

To translate proof of this concept into humans with AF, Pokushalov
and colleagues® prospectively trialled the use of adjunctive renal
denervation in combination with pulmonary vein isolation in
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Figure 24 Incidence of AF recurrence in patient with PVI alone compared to
| those with PVI and renal ablation (from 40).

hypertensive subjects (systolic blood pressure >160mmHg despite
triple drug therapy) and symptomatic or persistent atrial fibrillation
refractory to 2 or more dysrhythmic agents. Concentrating on patients
without significant chronic kidney disease (¢GFR by MDRD >45ml/
min/1.73m2), the 27-patient study population was predominantly
non-diabetic (89%) middle-aged males (77%) all prescribed at least
3 drugs for blood-pressure lowering in addition to 3 agents for AF
control. 13 patients were randomised to the combined PVI plus renal
denervation procedure against 14 patients receiving catheter based
PVI alone to the endpoints of antiarrhythmic drug free rhythm
maintenance and office blood-pressure measurements at 3 monthly
intervals to 12 months follow up.

Though catecholamine spillover measurements were not reported,
in contrast to more recent trials in resistant hypertension, successful
renal sympathetic denervation was confirmed by observation of
attenuated systolic pressure surge to intra-arterial high frequency
nerve stimulation in all patients. In terms of primary outcome,
nine of the 13 patients (69%) undergoing dual intervention had
maintained anti-arrhythmic drug free sinus rhythm at the 12-month
visit compared to 4 of 14 patients (29%) in the PVI only arm (P =
0.033) (Figure 2).

"Those undergoing the combined intervention protocol experienced
a substantial reduction in both systolic and diastolic office blood
pressure (25+5mmHg and 10+2mmHg respectively) compared to no
significant change seen in the PVI-only group. The trajectory of this
blood pressure decline was both rapid and sustained, achieving nadir
pressure at 3 months follow-up which was maintained consistently
out to 1 year.

From an operational perspective, the addition of renal denervation
to PVI added a mean of 38 minutes to the total procedure time off
a PVI-only group baseline approaching 2 1/2 hours, remaining well
within reported data for treatment time by other investigators.*
No significant difference was noted in terms of added fluoroscopy
time. Clinical safety of the combined procedure was confirmed in-
line with experience in the resistant hypertension studies with no
procedural complications noted in either study arm and no evidence
of renal arterial stenosis detected by magnetic resonance angiography
at 6 months post-intervention.

Irrespective of the potential contribution that optimised blood
pressure control may make in preventing AF recurrence and
accepting no specific markers of a sustained reduction in sympathetic

drive or autonomic balance were reported, this study was the first to
demonstrate that renal denervation may safely reduce the reduce the
risk of AF recurrence in drug-resistant hypertensive patients.

"The same group has gone on to detail their cumulative experience of
combined procedures across a broader spectrum of hypertension via a
summary analysis of two separate studies;* the first a continuation of
the initial pilot trial with the addition of a further 11 study patients
(n=38) and the second in 48 patients with refractory AF and more
moderate hypertension (office blood pressure readings >140/90 and
<160/100 mmHg). The dual trials ran in parallel across multiple
centres with identical active intervention arms randomised on a 1:1
basis to PVI with adjunctive renal denervation against a control group
of PVI alone. The aggregated study population was consistent with
the initial pilot cohort, being predominantly middle aged (56+6 years)
non-diabetic (94%) males (71%), though a substantial proportion of
eligible patients (43%) were excluded either due to refusal of consent
or ‘unsuitable’ renal anatomy. The combined procedure added a mean
of 34 minutes to overall procedure time (186+32 vs 152+26 minutes),
a similar margin to the initial trial and with no statistically significant
difference in active fluoroscopy time. No procedural complications
were noted in relation to the renal denervation procedure nor were
any occurrences of arterial stenosis detected at 6 month magnetic
resonance surveillance. Despite showing practical feasibility, the
assessment of primary outcome measures demonstrated that the
addition of sympathetic denervation did little to alter the pattern of
AF recurrence in the moderate hypertension group with 15 of 23
(65%) and 11 of 21 (52%) patients followed up in the active and
control arms respectively maintained in drug-free sinus rhythm at
12 months. ‘The group with more severe hypertension at baseline
found 11 of 18 (61%) adjunctively denervated patients were free
of AF recurrence and anti-arrhythmics compared to 5 of 18 (28%)
of the PVI-only arm (P=0.03). Office blood pressures showed a
fall consistent with magnitude observed in the pilot study and
SYMPLICITY-1 and SYMPTLICITY-2 studies.

Potentially overemphasising the beneficial effect of the combination
treatment,
extended experience and the initial study are lower than expected

the primary success rate of PVI alone in both this

given reports from other investigators where primary success rates
approach 70%.1%'24 This observation may be a particular function of
the truly severe refractory hypertension associated with AF in these
trials and, although hypertension is an independent risk factor for AF
recurrence, the relationship with degree of blood pressure elevation is
somewhat more obscure.

A number of active clinical trials are ongoing presently into the
feasibility and efficacy the concomitant addition of renal denervation
to PVI in the hypertensive patient (Table 1). The H-FIB study*
(clinicaltrials.gov NCT01635998) is the largest of these with
the hypothesis that adjunctive renal denervation will reduce AF
recurrence after PVI ablation. The trial is a multicentre prospective
1:1 randomised double-blind controlled study of 300 patients to the
primary efficacy endpoint of drug-free absence of AF recurrence
through 12 months of follow up. Whilst catheter treatments are
consistent with prior trials, the entry criteria differ slightly in terms
of the hypertensive range which, whilst still defined by systolic
>160mmHg and/or diastolic >100mmHg, has single antihypertensive
agent as the minimum for patient inclusion. Enrolling since late
2012 and estimated for completion in 2017, recruitment is currently
suspended per the local data and safety monitoring board (August
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Table 1:

resistant atrial fibrillation

Active trials of Pulmonary Vein Isolation and Renal Sympathetic Denervation versus Pulmonary Vein Isolation alone in the treatment of drug

Trial Identifier Trial Title Country Recruitment Target Status Expected Completion

NCT01635998 Adjunctive renal sympathetic denervation to modify hypertension as upstream therapy USA, Europe 300 Halted 2017
in the treatment of atrial fibrillation (H-FIB)

NCT01686542 Circumferential pulmonary vein isolation (CPVI) plus renal sympathetic modification China 100 Recruiting 2016
versus CPVI alone for AF ablation: a pilot study

NCT01873352 Evaluate renal artery denervation in addition to catheter ablation to eliminate atrial USA, Russia 300 Recruiting 2014
fibrillation (ERADICATE-AF)

NCT01897545 The role of renal denervation in improving outcomes of catheter ablation in patients USA, Greece, Russia 60 Completed * 2013
with atrial fibrillation and arterial hypertension

NCT01907828 A feasibility study to evaluate the effects of concomitant renal denervation and cardiac Germany 100 Recruiting 2016
ablation on AF recurrence

NCT01952743 Concomitant renal denervation therapy in hypertensive patients undergoing atrial USA 40 Recruiting 2016
fibrillation ablation: A Feasibility Study

NCT01952925 Combined atrial fibrillation ablation and renal artery denervation for the maintenance USA 40 Not yet open

of sinus rhythm and management of resistant hypertension

* no reported data

2014).
Perspectives

Expanding the sympathetic
denervation remains an exciting frontier across the spectrum of
diseases with sympathetic overactivity as a common feature. The
overlap in contributing physiology between AF and hypertension
represents an opportunity to explore modulation of the common
autonomic pathway as therapy in both conditions given the
relative lack of sustained efficacy of pharmacotherapy alone and
the morbidity associated with chronic drug treatment. Current
therapeutic observations are limited to relatively small numbers
with coexistent severe refractory hypertension and AF whereas most
potential candidate patients have much more moderate degrees of
blood pressure. Though there is the suggestion of benefit in small
prospective studies, the collective experience is insufficient to
support the routine application of combined intervention outside
the formalised trial setting. The issue of demonstrable benefits for
incremental cost will require close attention however performing
both interventions concomitantly appears not to detract from the
known safety profile of both procedures independently, with little
added in terms of procedural time or infrastructure requirements.

In the broader context, it is interesting to observe a parallel
evolution in the role of autonomic modulation via renal denervation
in the management of ventricular tachyarrhythmias, where
sympathetic over-activation is a similarly key contributant®*” and
the porcine model of ischaemia-induced ventricular arrhythmia®
has provided proof of concept. Following the first-in-man report
where renal denervation restored ventricular electrical stability after
failure of conventional strategies,* further small case-series have
reported substantial reductions in the acute burden of electrical
storm when used as a salvage procedure.”** Whilst encouraging and
potentially signifying a universal application for renal denervation in
the treatment of arrhythmias per se, these results await confirmation
under trial conditions before more widespread adoption could be
supported.

Given the relatively early stage of this translational science, many
unanswered questions remain with even more forthcoming as clinical
outcome data is reported regarding the durability of treatment
effect and the potential for extrapolation into patients with modest
hypertension, or even normal blood pressure. Ultimately a mechanistic

clinical indications of renal

understanding will be important in evaluating if the apparent benefits
of combined treatment are independent of blood pressure lowering
and if reduction of sympathetic tone is the key mediator. A challenge
will be to identify the most appropriate candidates for this approach.
Learning about the outcomes of active randomised controlled trials
will help to address these important clinical questions.
Conclusion

Whilst catheter based PVI is well established in the management
of drug refractory AF, the role of adjunctive renal sympathetic
denervation is encouraging but unconfirmed. Theoretically enticing
from the perspective of the physiologic and therapeutic overlap,
appropriate trials are in progress to evaluate the extent of any durable
benefits that may be seen in the management of AF and hypertension.

References

1. Kannel WB, Wolf PA, Benjamin EJ, Levy D. Prevalence, incidence, prognosis,
and predisposing conditions for atrial fibrillation: population-based estimates. The
American journal of cardiology. 1998;82(8a):2n-9n.

2. Singh BN. Atrial fibrillation: epidemiologic considerations and rationale
for conversion and maintenance of sinus rhythm. Journal of cardiovascular
pharmacology and therapeutics. 2003;8 Suppl 1:513-26.

3. Charlemagne A, Blacher J, Cohen A, Collet JP, Dievart F, de Groote P, et al.
Epidemiology of atrial fibrillation in France: extrapolation of international
epidemiological data to France and analysis of French hospitalization data.
Archives of cardiovascular diseases. 2011;104(2):115-24.

4. MacMahon S, Alderman MH, Lindholm LH, Liu L, Sanchez RA, Seedat
YK. Blood-pressure-related disease is a global health priority. The Lancet.
2008;371(9623):1480-2.

5. Lawes CMM, Hoorn SV, Rodgers A. Global burden of blood-pressure-related
disease, 2001. The Lancet. 2008;371(9623):1513-8.

6. Turnbull F, Neal B, Algert C, Chalmers J, Chapman N, Cutler J, et al. Effects
of different blood pressure-lowering regimens on major cardiovascular events in
individuals with and without diabetes mellitus: results of prospectively designed
overviews of randomized trials. Archives of internal medicine. 2005;165(12):1410-
9.

7. Camm AJ, Kirchhof P, Lip GY, Schotten U, Savelieva I, Ernst S, et al. Guidelines
for the management of atrial fibrillation: the Task Force for the Management of
Atrial Fibrillation of the European Society of Cardiology (ESC). European heart
journal. 2010;31(19):2369-429.

8. Krum H, Schlaich M, Whitbourn R, Sobotka PA, Sadowski ], Bartus
K, et al. Catheter-based denervation for resistant

renal sympathetic

www jafib.com Dec 2014-Jan 2015| Volume 7| Issue 4




73 Journal of Atrial Fibrillation Journal Review

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

hypertension: a multicentre safety and proof-of-principle cohort study. Lancet.
2009;373(9671):1275-81.

Lee G, Sanders P, Kalman JM. Catheter ablation of atrial arrhythmias: state of the
art. The Lancet. 2012;380(9852):1509-19.

Cappato R, Calkins H, Chen S-A, Davies W, Iesaka Y, Kalman J, et al. Updated
Worldwide Survey on the Methods, Efficacy, and Safety of Catheter Ablation
for Human Atrial Fibrillation. Circulation: Arrhythmia and Electrophysiology.
2010;3(1):32-8.

Berruezo A, Tamborero D, Mont L, Benito B, Tolosana JM, Sitges M, et al.
Pre-procedural predictors of atrial fibrillation recurrence after circumferential
pulmonary vein ablation. European heart journal. 2007;28(7):836-41.

Tzou WS, Marchlinski FE, Zado ES, Lin D, Dixit S, Callans DJ, et al. Long-Term
Outcome After Successful Catheter Ablation of Atrial Fibrillation. Circulation:
Arrhythmia and Electrophysiology. 2010;3(3):237-42.

Vasamreddy CR, Lickfett L, Jayam VK, Nasir K, Bradley DJ, Eldadah Z, et al.
Predictors of recurrence following catheter ablation of atrial fibrillation using
an irrigated-tip ablation catheter. Journal of cardiovascular electrophysiology.
2004;15(6):692-7.

Boos CJ, Lip GY. Targeting the renin-angiotensin-aldosterone system in atrial
fibrillation: from pathophysiology to clinical trials. Journal of human hypertension.
2005;19(11):855-9.

Jayachandran JV, Sih HJ, Winkle W, Zipes DP, Hutchins GD, Olgin JE.
Atrial fibrillation produced by prolonged rapid atrial pacing is associated
with heterogeneous changes in atrial sympathetic innervation. Circulation.
2000;101(10):1185-91.

Coumel P. Clinical approach to paroxysmal atrial fibrillation. Clinical cardiology.
1990;13(3):209-12.

Huang J-L, Wen Z-C, Lee W-L, Chang M-S, Chen S-A. Changes of autonomic
tone before the onset of paroxysmal atrial fibrillation. International Journal of
Cardiology. 1998;66(3):275-83.

Dimmer C, Tavernier R, Gjorgov N, Van Nooten G, Clement DL, Jordaens L.
Variations of autonomic tone preceding onset of atrial fibrillation after coronary
artery bypass grafting. The American journal of cardiology. 1998;82(1):22-5.
Zimmermann M, Kalusche D. Fluctuation in autonomic tone is a major
determinant of sustained atrial arrhythmias in patients with focal ectopy
originating from the pulmonary veins. Journal of cardiovascular electrophysiology.
2001;12(3):285-91.

Akutsu Y, Kaneko K, Kodama Y, Li HL, Suyama J, Shinozuka A, et al. Iodine-123
mIBG Imaging for Predicting the Development of Atrial Fibrillation. JACC
Cardiovascular imaging. 2011;4(1):78-86.

Arimoto T, Tada H, Igarashi M, Sekiguchi Y, Sato A, Koyama T, et al. High
washout rate of iodine-123-metaiodobenzylguanidine imaging predicts the
outcome of catheter ablation of atrial fibrillation. Journal of cardiovascular
electrophysiology. 2011;22(12):1297-304.

Hering D, Lambert EA, Marusic P, Walton AS, Krum H, Lambert GW, et
al. Substantial Reduction in Single Sympathetic Nerve Firing After Renal
Denervation in Patients With Resistant
2013;61(2):457-64.

Krum H, Schlaich M, Whitbourn R, Sobotka PA, Sadowski J, Bartus K, et

al. Catheter-based renal sympathetic denervation for resistant hypertension:

Hypertension. Hypertension.

a multicentre safety and proof-of-principle cohort study. The Lancet.
2009;373(9671):1275-81.

Krum H, Schlaich MP, Sobotka PA, Béhm M, Mahfoud F, Rocha-Singh
K, et al. Percutaneous renal denervation in patients with treatment-resistant
hypertension: final 3-year report of the Symplicity HTN-1 study. The Lancet.
2014;383(9917):622-9.

Esler MD, Krum H, Sobotka PA, Schlaich MP, Schmieder RE, Bohm M. Renal

sympathetic denervation in patients with treatment-resistant hypertension

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

(The Symplicity HTN-2 Trial): a randomised controlled trial. Lancet.
2010;376(9756):1903-9.

Esler MD, Krum H, Schlaich M, Schmieder RE, B6hm M, Sobotka PA. Renal
Sympathetic Denervation for Treatment of Drug-Resistant Hypertension:
One-Year Results From the Symplicity HTN-2 Randomized, Controlled Trial.
Circulation. 2012;126(25):2976-82.

Bhatt DL, Kandzari DE, O’Neill WW, D’Agostino R, Flack JM, Katzen BT, et
al. A Controlled Trial of Renal Denervation for Resistant Hypertension. New
England Journal of Medicine. 2014;370(15):1393-401.

Mahfoud F, Schlaich M, Kindermann I, Ukena C, Cremers B, Brandt MC, et al.
Effect of renal sympathetic denervation on glucose metabolism in patients with
resistant hypertension: a pilot study. Circulation. 2011;123(18):1940-6.
Witkowski A, Prejbisz A, Florczak E, Kadziela ], Sliwinski P, Bielen P, et al.
Effects of renal sympathetic denervation on blood pressure, sleep apnea course,
and glycemic control in patients with resistant hypertension and sleep apnea.
Hypertension. 2011;58(4):559-65.

Linz D, Hohl M, Nickel A, Mahfoud F, Wagner M, Ewen S, et al. Effect of renal
denervation on neurohumoral activation triggering atrial fibrillation in obstructive
sleep apnea. Hypertension. 2013;62(4):767-74.

Sharifov OF, Fedorov VV, Beloshapko GG, Glukhov AV, Yushmanova AV,
Rosenshtraukh LV. Roles of adrenergic and cholinergic stimulation in spontaneous
atrial fibrillation in dogs. Journal of the American College of Cardiology.
2004;43(3):483-90.

Shen MJ, Choi EK, Tan AY, Han S, Shinohara T, Maruyama M, et al. Patterns
of baseline autonomic nerve activity and the development of pacing-induced
sustained atrial fibrillation. Heart rhythm
Rhythm Society. 2011;8(4):583-9.

Bettoni M, Zimmermann M. Autonomic Tone Variations Before the Onset of
Paroxysmal Atrial Fibrillation. Circulation. 2002;105(23):2753-9.

Lombardi F, Tarricone D, Tundo F, Colombo F, Belletti S, Fiorentini C. Autonomic

nervous system and paroxysmal atrial fibrillation: a study based on the analysis of

: the official journal of the Heart

RR interval changes before, during and after paroxysmal atrial fibrillation2004
2004-07-01 00:00:00. 1242-8 p.

Allessie MA, Boyden PA, Camm AJ, Kleber AG, Lab M]J, Legato M]J, et al.
Pathophysiology and prevention of atrial fibrillation. Circulation.2001;103(5):769-
77.

Giannopoulos G, Kossyvakis C, Efremidis M, Katsivas A, Panagopoulou V,
Doudoumis K, et al. Central sympathetic inhibition to reduce postablation atrial
fibrillation recurrences in hypertensive patients: a randomized, controlled study.
Circulation. 2014;130(16):1346-52.

Deftereos S, Giannopoulos G, Kossyvakis C, Efremidis M, Panagopoulou V,
Raisakis K, et al. Effectiveness of moxonidine to reduce atrial fibrillation burden
in hypertensive patients. The American journal of cardiology. 2013;112(5):684-7.
Zhao Q,Yu S, Zou M, Dai Z, Wang X, Xiao J, et al. Effect of renal sympathetic
denervation on the inducibility of atrial fibrillation during rapid atrial pacing.
Journal of interventional cardiac electrophysiology : an international journal of
arrhythmias and pacing. 2012;35(2):119-25.

Hou Y, Hu J, Po SS, Wang H, Zhang L, Zhang F, et al. Catheter-Based Renal
Sympathetic Denervation Significantly Inhibits Atrial Fibrillation Induced by
Electrical Stimulation of the Left Stellate Ganglion and Rapid Atrial Pacing.
PLoS ONE. 2013;8(11):¢78218.

Pokushalov E, Romanov A, Corbucci G, Artyomenko S, Baranova V, Turov A,
et al. A randomized comparison of pulmonary vein isolation with versus without
concomitant renal artery denervation in patients with refractory symptomatic
atrial fibrillation and resistant hypertension. Journal of the American College of
Cardiology. 2012;60(13):1163-70.

Hayward RM, Upadhyay GA, Mela T, Ellinor PT, Barrett CD, Heist EK, et al.

Pulmonary vein isolation with complex fractionated atrial electrogram ablation for

www jafib.com Dec 2014-Jan 2015| Volume 7| Issue 4




74 Journal of Atrial Fibrillation Journal Review

paroxysmal and nonparoxysmal atrial fibrillation: A meta-analysis. Heart rhythm
: the official journal of the Heart Rhythm Society. 2011;8(7):994-1000.
42. Pokushalov E, Romanov A, Katritsis DG, Artyomenko S, Bayramova S, Losik D,

et al. Renal denervation for improving outcomes of catheter ablation in patients

with atrial fibrillation and hypertension: early experience. Heart rhythm : the
official journal of the Heart Rhythm Society. 2014;11(7):1131-8.

43. Arya A, Hindricks G, Sommer P, Huo Y, Bollmann A, Gaspar T, et al. Long-
term results and the predictors of outcome of catheter ablation of atrial fibrillation
using steerable sheath catheter navigation after single procedure in 674 patients.
Europace : European pacing, arrhythmias, and cardiac electrophysiology : journal
of the working groups on cardiac pacing, arrhythmias, and cardiac cellular
electrophysiology of the European Society of Cardiology. 2010;12(2):173-80.

44. Ahmed H, Miller MA, Dukkipati SR, Cammack S, Koruth JS, Gangireddy S, et
al. Adjunctive renal sympathetic denervation to modify hypertension as upstream
therapy in the treatment of atrial fibrillation (H-FIB) study: clinical background
and study design. Journal of cardiovascular electrophysiology. 2013;24(5):503-9.

45. Lown B, Verrier RL. Neural Activity and Ventricular Fibrillation. New England
Journal of Medicine. 1976;294(21):1165-70.

46. Harris AS, Otero H, Bocage AJ. The induction of arrhythmias by sympathetic
activity before and after occlusion of a coronary artery in the canine heart. Journal
of electrocardiology. 1971;4(1):34-43.

47. Lombardi F, Verrier RL, Lown B. Relationship between sympathetic neural
activity, coronary dynamics, and vulnerability to ventricular fibrillation during
myocardial ischemia and reperfusion. American heart journal. 1983;105(6):958-
65.

48. Linz D, Wirth K, Ukena C, Mahfoud F, Poss J, Linz B, et al. Renal denervation
suppresses ventricular arrhythmias during acute ventricular ischemia in pigs. Heart
rhythm : the official journal of the Heart Rhythm Society. 2013;10(10):1525-30.

49. Ukena C, Bauer A, Mahfoud F, Schreieck ], Neuberger HR, Eick C, et al. Renal
sympathetic denervation for treatment of electrical storm: first-in-man experience.
Clinical research in cardiology : official journal of the German Cardiac Society.
2012;101(1):63-7.

50. Hoffmann BA, Steven D, Willems S, Sydow K. Renal Sympathetic Denervation
as an Adjunct to Catheter Ablation for the Treatment of Ventricular Electrical
Storm in the Setting of Acute Myocardial Infarction. Journal of cardiovascular
electrophysiology. 2013;24(10):1175-8.

51. Staico R, Armaganijan L, Moreira D, Medeiros P, Melo ], Lopes R, et al.
Renal sympathetic denervation and ventricular arrhythmias: a case of electrical
storm with multiple renal arteries. Eurolntervention : journal of EuroPCR
in collaboration with the Working Group on Interventional Cardiology of the
European Society of Cardiology. 2014;10(1):166.

52. Remo BF, Preminger M, Bradfield ], Mittal S, Boyle N, Gupta A, et al. Safety and
efficacy of renal denervation as a novel treatment of ventricular tachycardia storm
in patients with cardiomyopathy. Heart rhythm : the official journal of the Heart
Rhythm Society. 2014;11(4):541-6.

53. Scholz EP, Raake P, Thomas D, Vogel B, Katus HA, Blessing E. Rescue renal
sympathetic denervation in a patient with ventricular electrical storm refractory
to endo- and epicardial catheter ablation. Clinical research in cardiology : official

journal of the German Cardiac Society. 2014;[epub ahead of print].

www jafib.com Dec 2014-Jan 2015| Volume 7| Issue 4




