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Stimulation of cervical pre-ganglionic parasympathetic fibres: 
 Direct activation of overall cardiac vagal tone 

Vanoli, Circ Res, 1991. 

CAO: Circumflex coronary Artery Occlusion 



Stimulation of afferent spinal nerve fibres: Increase of central 
vagal tone and decrease of sympathetic tone (via central reflex activation) 

Lopshire. Circulation, 2009. 

Induction of 
CHF Scar 

Ctr: Control 

SCS: Spinal Cord Stimulation 

Med: Ramipril & Carvedilol  
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Response to cardiac injury involves neural remodeling 
beyond the heart 

 
Circulation Arrhythmias & Electrophysiology 2012;5:1010-1116 . 

Ganglion Stellatum 



 
Schwartz et al, JCE, 1991; 2:S100.  



Anatomy and histology of left sympathetic chain  

Bourke T et al. Circulation. 2010;121:2255-2262 



Sympathetic blockade for treatment of electrical storm 

Nademanee et al. Circulation 2000. 

ACLS:  
antiarrhythmic therapy e.g.  
lidocaine, procainamide 
 
Sympathetic blockade: 
-Left stellate ganglionic  
 blockade n=6 
-Esmolol n=7 
-Propranolol n=14 
 



Schwartz P J et al. Circulation. 2004;109:1826-1833 
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Cardiac and renal NE spillover in heart failure 

Rundqvist B., Circulation 1997; 95:169-75. 

  



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% 



Krum H, Lancet 2013 

Baseline BP 
178/98 mmHg 



SYMPLICITY HTN-3 
(Prospective, single-blind, randomized, sham-controlled) 

Bhatt,  N Engl J Med 2014. 
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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 



Reduction of LV-hypertrophy in  
hypertensive patients (MRI) 
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p < 0.001 p = 0.516 

50.8 46.9 42.7 43.3 

RDN control-group 

-7.7 
% 

+1.4 % 

BP after RDN:  

-19/-11 mmHg 

Mahfoud F, Eur Heart J 2014 



Effect of RDN on Ischemia-Related Arrhythmias  
 

Linz, Heart Rhythm 2013. 

 
 
 - Surgical RDN or Sham procedure in pigs  
 - Surgical ligation of the proximal LAD for 20 min  Reperfusion  
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Linz, Heart Rhythm 2013. 

 
 
 - Surgical RDN or Sham procedure in pigs  
 - Surgical ligation of the proximal LAD for 20 min  Reperfusion  
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Effect of RDN on ischemia-related arrhythmias  
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Linz, Heart Rhythm 2013. 
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Linz, Heart Rhythm 2013. 

 
 
 - Surgical RDN or Sham procedure in pigs  
 - Surgical ligation of the proximal LAD for 20 min  Reperfusion  

Effect of RDN on ischemia-related arrhythmias  
 



Effect of RDN on ventricular repolarisation  
in sleep apnea 
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Effect of RDN on ventricular repolarisation  
in sleep apnea 



First-in-men: RDN in electric storm 

Case: 
•57 years old male 
•Dilated cardiomyopathy, EF 28% 
•Polymorphic VT‘s/VF 
•Cardiac ablation declined 

Ukena et al. Clin Res Cardiol 2012 



ADREVAT: Additional RDN to VT ablation 

Recurrent VT 
Ischemic 

cardiomyopathy 
LVEF ≥30% 

VT-ablation alone 
(n=25) 

VT-ablation + RDN 
(n=25) 

Willems et al. 
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Modulation of autonomic nervous system provides an adjunctive 
treatment modality for treatment of VT by:  
- decreased norepinephrine spillover 
- reduction of the triggers 
- prevention of the progression of ventricular remodeling  
- heart rate reduction 
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