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Neural remodelling in canines with 
paroxysmal atrial fibrillation 

 

Growth-associated protein 43 
(Growing nerve cones) 
 
 
 
Tyrosin hydoxylase 
(Sympathetic nerves) 
 
 
 
 
Choline acetyltransferase (ChAT) 
(Cholinergic nerves) 
 

Ctr Paroxysmal AF 

Tan, Circulation 2008. 



Cardiac nerve activities and conversion from PAT to PAF 

Intrinsic 

Extrinsic 

Intrinsic 

Extrinsic 

Choi, Circulation 2010. 



Sympathetic efferents 
Sympathetic afferents 
Nervus Vagus 
Parasympathetic afferents 

Linz, JACC, accepted. 



Catheter-based renal denervation (RDN) 



Schlaich, NEJM 2009. Hering, Hypertension 2013. 

RDN reduces renal NE spillover and muscle 
sympathetic nerve activity 

Renal NE spillover 
6 months 

Single unit MSNA 
6 months 

% % -47% -37% 



Electrophysiological and antiarrhythmic 
effects of RDN 
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HR 1. Tertile 
HR ≤60 bpm 

HR 2. Tertile 
HR 61-71 bpm 

HR 3. Tertile 
HR ≥71 bpm 

p=0.035 p=0.113 

p=0.008 p=0.035 

p<0.0001 p=0.002 

ANOVA 3 months: p<0.0001 
ANOVA 6 months: p<0.0001 

n=120 

3 months 

6 months 

Ukena, Int J Card 2012. 

RDN reduces heart rate in hypertensive patients 
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Ukena, Int J Card 2012. 

p=0.0001 

p=0.0001 
n.s. 

RDN reduces AV-conduction velocity in hypertensive 
patients 
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RDN 

ECG 

Atrial MAPs 1 sec. 

Atrial Tachypacing 

SHAM 

RDN 

p=0.001 
p=0.002 

SHAM 

Linz, Hypertension 2013. 

RDN provides rate control during AF in pigs 

1 sec. 



Linz, Hypertension 2013. 

SHAM 

RDN 

RDN reduces AF-duration 

p=0.0091 
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Pig model for obstructive sleep apnea 

Linz, Heart Rhythm 2011. 
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Tracheal pressure 

sec. 

2 minutes of  
tracheal occlusion 

(ms) (mbar) 

AERP 

Tracheal  
Pressure 



Linz, Hypertension 2012. 

Normal 
breathing 

2-min of NTP 
at -80mbar 

RDN reduces OSA-induced AF inducibility 

0% AF 

100% AF 

2-min of NTP 
at -80mbar 

after Atenolol 
75% AF  

(n.s.) 

2-min of NTP 
at -80mbar 
after RDN 20% AF 

(p=0.0001) 



Amiodarone and Sotalol fail to inhibit AF in a pig model 
for OSA 
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Linz, Heart Rhythm. 2011. 
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RDN reduces OSA-induced AERP-shortening 

Linz, Hypertension 2012. 



RDN inhibits spontaneous atrial fibrillation during 
repetitive obstructive respiratory events 
 

Linz, Hypertension 2013. 



RDN inhibits post-apneic blood pressure rises  
and OSA-induced RAAS activation 
 

Linz, Hypertension 2013. 



Potential targets for renal sympathetic denervation 

 
 

Diabetes 
Metabolic Syndrome 

Chronic kidney 
disease 

Congestive heart  
failure 

OSA 

Efferent Afferent 

Hypertension 
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p<0.01  
for all  
changes  
compared  
to baseline 

Blood pressure reduction sustains over 3 years 

Schlaich, TCT 2012. 



PVI with versus without concomitant RDN in patients 
with refractory symptomatic AF 
 

Pokushalov, J Am Coll Cardiol 2012. 

Study patients: 
Paroxysmal or persistent AF 
Refractory to ≥2 AADs  
(not Amiodarone) 
Drug-resistant hypertension 

n=14 

n=13 



Adjunctive renal sympathetic denervation to modify 
hypertension as upstream therapy in the treatment of AF 

(H‐FIB) Study 

Ahmed, J Cardiovasc Electrophysiol 2013. 
 



Potential targets for renal sympathetic denervation 

 
 

Diabetes 
Metabolic Syndrome 

Chronic kidney 
disease 

Congestive heart  
failure 

OSA 

Efferent Afferent 

Hypertension 



MSNA 10.4 bursts/min 
 
 
MSNA 18.8 bursts/min 
 
 
MSNA 67.4 bursts/min 
 
 
 
MSNA 99.4 bursts/min 

Normal Subject 

NYHA functional class II 

NYHA functional class III 

NYHA functional class IV 

• CHF is characterized by increased SNS activity 
– proportional to severity of CHF 

Ferguson D, JACC 1990 

Sympathetic activity correlates to NYHA class 



Higher sympathetic activity in patients with  
CHF+AF compared to CHF+SR 

N=21 

Ikeda, J Physiol 2012. 



N=64 

Brandt MC et al., JACC 2012 

RDN reduces left ventricular hypertrophy 



RDN improves left ventricular diastolic function 

Brandt MC et al., JACC 2012 
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RDN for Treatment of Electrical Storm 

Ukena C, Clin Res Cardiol 2012. 

RDN 



Renal Denervation Suppresses Ventricular Arrhythmias in a 
Pig Model for Acute Ventricular Ischemia / Reperfusion. 

Linz, Heart Rhythm 2013. 



• 7 patients (mean age 69 years) 
• chronic systolic heart failure 
• mean BP 112/65 mmHg 
• maximal tolerated heart failure therapy  
• Follow-up for 6 months 
 



No changes in BP after RDN 



REnAl DenervAtion in PatienTs with chronic 
heart failure – The RE-ADAPT-CHF study 

• International, multicentre, randomized trial 
 

50 

Treatment 

Control  

Primary 
Endpoint 

6M 

6M 

12-36M 

Randomization Baseline 

SBP≥100  

Following collection 
of the primary 
endpoint at 6-
months, control 
patients permitted 
to cross-over 100 

50 

Inclusion criteria 
• 100 patients with CHF in NYHA class II-III  
• LV-EF <40% 
• eGFR >30 ml/min/1.73m2 

• Optimal and stable medical therapy 



Conclusions 
 

• AF is characterized by increased sympathetic activity and neural remodeling 
 
• Sympathetic modulation by RDN can reduce sympathetic activity and 

positively influence other organ systems 
 

• RDN may display atrial antiarrhythmic effects by direct electrophysiological 
effects as well as by antiremodeling effects (upstream therapy) 

 
• First studies show antiarrhythmic effects also in the ventricle in CHF 

 
• Randomized studies are currently conducted and necessary to assess the 

effect of RDN on arrhythmias and CHF 
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Lowering of blood pressure 

I1 - Imidazoline receptor 

MOXONIDINE 

Rostral ventrolateral 
medulla (RVLM) 

Inhibition of sympathetic nerve activity 

Inhibition of norepinephrine release 

Peripheral vasodilation 

H3C 

Cl 

NH 

OCH3 

N 

N H 
N 
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Primary endpoint 
• reduction in all-cause mortality compared to placebo 
 
- 4500 patients with CHF in NYHA functional class II-IV 
 
- Maximally tolerated dose of moxonidine:  

- 0.25 to 1.5 mg twice daily 
 

- exclusion criterion: use of a b-blocker within one month 
prior to randomization 

 
 
 
 

Cohn et al. Eur J Heart Fail  2003 



Cohn et al. Eur J Heart Fail  2003 
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Moxonidine 

Placebo 

Moxonidine in heart failure increased mortality 

P=0.012 
n=990 

n=944 

• Trial was stopped prematurely in 1999 by DMSB 
• 82 total deaths amongst the first 2000 patients enrolled  

• 53 in moxonidine group vs. 29 in placebo (p=0.012)  



Cohn et al. Eur J Heart Fail  2003 
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Moxonidine 

Placebo 

Moxonidine in heart failure increased mortality 

P=0.012 

• Rapid up-titration to 1.5 mg BID 
• More adverse events in moxonidine group  
• 983 compared to 89 in the placebo group 

• Severe bradycardia 41 vs 4, p<0.001 
• Compliance to other drug treatment? 

 



High renal NE spillover is related to poor outcome 

Petersson M, Eur Heart J, 2005 

Predictor   HR 95%-CI p         

Renal NE spillover  3.5 1.6-7.4 0.001 

Total body NE spillover 1.8 0.9-3.6 0.1 

Cardiac NE spillover 4.8 0.7-32.6 0.1 

• N=61 patients, CHF (LV-EF 26%), 5.5 y follow-up  
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