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• Sympathetic activation is a significant predictor of a poor prognosis  

• heart failure  

• myocardial infarction  

• chronic kidney disease  

• Increase in sympathetic activity proportional to the heart failure severity 

• Sympathetic drive contributes to dyspnea, Na+ retention and resistance to loop diuretics 

• Increased sympathetic activity is present in obstructive sleep apnea 

• HF is associated with parasympathetic withdrawal and abnormal baroreflex activity 

FUNDAMENTAL LINK BETWEEN AUTONOMIC NERVE SYSTEM AND HF OUTCOMES 

 

 

Paton J F et al. Hypertension 2013;61:5-13 

Neural modulation for AF and heart failure 

Paton J F et al. Hypertension 2013;61:5-13 



Neural modulation for AF and heart failure 

Journal of Cardiology 68 (2016) 368–372  

1. The autonomic nervous system plays a crucial 

role in the organ damage related to HF  

2. Decrease in cardiac output leads to activation of 

the RAAS and increase in sympathetic nerve 

activity 

4. Device based modulation of the ANS might be 

beneficial for HF and AF 



Evelyn et al JAMA, June 18, 1949 

Neural modulation for AF and heart failure 



Device therapies targeting ANS 

Transcatheter Paravalvular Leak Closure, Springer 2017 

1. Renal denervation  

2. Baroreflex activation therapy (BAT) 

3. Spinal cord stimulation 

4. Vagus nerve stimulation (VNS) 

5. Carotid body modulation 

5. Left cardiac sympathetic denervation 

 



Renal denervation 

Heart Failure Clin 11 (2015) 337–348; Current Vascular Pharmacology, 2018, 16, 30-43 

 

PRECLINICAL: 

• Rat MI model: better ventricular function, lower 

LVEDP, smaller LV end-diastolic and end-systolic 

dimensions and reduced sodium excretion 

• Dog HF model: improvement in sodium excretion 

• Rabbits with pacing-induced HF: normalization in 

the expression of angiotensin AT1 receptors.  



Renal denervation 

Current Vascular Pharmacology, 2018, 16, 30-43 



Baroreflex activation therapy (BAT)  

Transcatheter Paravalvular Leak Closure, Springer 2017 

Baroreflex failure in HF 



Baroreflex activation therapy (BAT)  

Electrical stimulation of baroreflex afferent nerves Rheos System; CVRx Inc.  

Menne J et al. Nephrol. Dial. Transplant. 2013;28:288-295; Hypertension 2010;55:619-626. 

 

electrocardiogram tracing, arterial BP and motor sympathetic nerve activity (MSNA) 

PRECLINICAL 

• Improved LVEF 

• Reduced NE levels 

• reduced LV filling pressure 

• improved survival 



Baroreflex activation therapy (BAT)  

Menne J et al. Nephrol. Dial. Transplant. 2013;28:288-295; Hypertension 2010;55:619-626; Krum H et al. Eur Heart J 2011;32:537-544; J Am Coll Cardiol 2011;57:1787-1788. 

 

 

electrocardiogram tracing, arterial BP and motor sympathetic nerve activity (MSNA) 



Baroreflex activation therapy (BAT)  

Menne J et al. Nephrol. Dial. Transplant. 2013;28:288-295; Hypertension 2010;55:619-626; Krum H et al. Eur Heart J 2011;32:537-544; J Am Coll Cardiol 2011;57:1787-1788. 

 

 

electrocardiogram tracing, arterial BP and motor sympathetic nerve activity (MSNA) 



Spinal cord stimulation 

Transcatheter Paravalvular Leak Closure, Springer 2017 

PRECLINCAL 

• increased the sinus cycle length and prolonged AV 

nodal conduction 

• reduced the incidence of spontaneous VT/VF in 

ischemia model 

• Increased vagal tone (reduction in SR, prolongation of 

PR interval, and lowering of BP) 

• reduction in serum NE and BNP, reduction in VT/VF, 

improvement in LVEF and volumes in experimental MI 

 

 



Vagus nerve stimulation 

Transcatheter Paravalvular Leak Closure, Springer 2017 

• Decreased vagal activity itself is associated with  

     higher mortality among HF patients 

• PRECLNICAL 

• chronic VNS improved LV hemodynamics and  

     survival in HF in animal models 

• reduction in sympathetic activity 

• Reduced inflammation 

• Anti-arrythmogenic 

• Protection agenist ischemia-reperfusion injury  

 



Carotid Body Modulation  

CB is adrenergic excitatory  

• Increases central sympathetic outflow 

• Inhibits parasympathetic outflow 

• Increases organ specific adrenergic 
activity 
• Increases muscle and vascular sympathetic 

nerve activity 

• Renal sympathetic nerve activity 

• Cardiac sympathetic nerve activity 
Median follow up 41 months 

 

Independent of age, peak VO2, VE/VCO2 slope and LVEF 

 Ponikowski et al. Circulation 2001;104:544-549; J Physiol. 2012. 590:4269–4277. 

 

Selective Carotid Body Modulation can reduce the pathology associated with 

adrenergic hyperactivity and parasympathetic suppression 



• Interaction of baroreflex activation therapy and antihypertensive 
medications (eg RAAS inhibitors) 

• sodium retention (diuretics required for a sustained hypotensive response 
to baroreflex activation therapy?) 

• Combination with RDN 

• Desensitization of baroreceptors or cardiovascular control centres in the 
brain. 

• stimulation mode, eg. synchro with ECG or carotid pulse contour 

Unknowns 



o Fundamental link between sympathetic nerve system and HF outcomes 

Sympathetic activation is a significant predictor of a poor prognosis  

o Targeting of sympathetic activity may address the unmet needs 

o Current therapies in evaluation in modestly sized trials powered for surrogate 

outcomes 

• Renal denervation  

• Baroreflex activation therapy   

• Spinal cord stimulation 

• Vagus nerve stimulation  

• Carotid body modulation 

• Left cardiac sympathetic denervation 

 

Conclusions 


