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Sympathetic Denervation



Cardiac innervation 
and left sympathetic 
cardiac denervation

Schwartz P, et al. Nature Review 
Cardiol 2014;11:346-353



Schwartz P, et al. Am Heart J 1976;92:589-599

Under control conditions 

During left stellate ganglion blockade

After returning to control conditions



Schwartz P, et al. Am Heart J 1976;92:589-599



Schwartz P, et al. Am J Cardiol 1976;37:1034-1040

Figure 3: Effect of unilateral stellectomy and 
blockade on ventricular fibrillation threshold



Left stellectomy is accompanied by a reflex increase in 
cardiac vagal efferent nerve activity. 

Circ. Res. 69 (5), 1389–1401 (1991).



LCSD reduces the incidence of sudden cardiac death 
after myocardial infarction (Human).

J. Cardiovasc. Electrophysiol. 3 (1), 2–16 (1992).



Current indications for LCSD
LCSD is clearly indicated for patients with long QT syndrome or CPVT:
• when β-blockers are contraindicated, not tolerated, or a patient is not compliant
• when syncope recurs despite maximum-dose β-blockade
• when ICD shocks recur
• when a patient remains at high risk of sudden death (for example, with a corrected QT interval >600 ms, 
T-wave alternans, or bidirectional ventricular tachycardia during exercise), despite being asymptomatic 
when receiving β-blocker therapy

LCSD can be useful in patients with ischemic or dilated cardiomyopathy:
• when patients continue to have life-threatening arrhythmias that are refractory to treatment, repeated 
ICD shocks, or both

LCSD can be considered:
• in patients with cardiomyopathy, ischaemic heart disease, or heart failure who are at high risk of life-
threatening arrhythmias
• in any patient with recurrent ventricular fibrillation, independently of the aetiology









Safety and efficacy of renal denervation as a novel 
treatment of ventricular tachycardia storm in 

patients with cardiomyopathy

Remo B, et al. Heart Rhythm 2014;11:541–546 



Renal sympathetic denervation in patients with ICD and electrical 
storm 

Cardiologia Invasiva 2015;2.:84-90
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Beta blocker



Treating Electrical Storm
Sympathetic blockade vs. ACLS therapy

Sympathetic blockade treatment: (n=25)
6 left stellate ganglionic blockade, 
7 esmolol, 
14 propranolol

Nademanee K, et al. Circulation. 2000;102:742-747.



Nademanee K, et al. Circulation. 2000;102:742-747.



Carvedilol Reduced Arrhythmia

CAPRICORN trail. J Am Coll Cardiol 2005;45:525–30



The mechanisms of Ca2-induced Ca2 release (CICR; left) and 
store overload–induced Ca2 release (SOICR; right)

Jiang D, et al. Circ Res 2005;97(11):1173-81.



Nature medicine 2011;17:1003-1009



Carvedilol
suppresses SOICR 
in mouse 
ventricular 
myocytes

Zhou et al. 
Nature Medicine 

2011;17:1003-1010



Anti-inflammatory effect



Myocarditis and arrhythmia

Park H, et al. Circ J. 2014;78(9):2292-301



Spontaneous Ca2+ release in rat neonatal 
myocytes treated with TNF-α

Park H, et al. Int J Cardiol. 2015;182:399-402. 



Inflammation, oxidative stress and the phosphorylation of 
Ca2+ handling protein in myocarditis

Park H, et al. Int J Cardiol. 2015;182:399-402. 



Methods (Animal Model)
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Left SGB improved survival rate and 
suppressed arrhythmias in EAM.

• Myo group showed lower survival rate, QT prolongation and VT episodes.
• Left SGB prevented these effects of myocarditis. 



Left SGB decreased oxidative stress and  
inflammation in EAM



Left SGB improved conduction time and 
APD prolongation in EAM



The central level of norepinephrine 
epinephrine, and acetylcholine

• The left SGB significantly reduced the level of norepinephrine, epinephrine in serum as compared with the 
Myo group.(p<0.05)

• Compared with control, the level of acetylcholine in serum increased in MyoNB group. (p<0.05)

AHA 2016



The Cholinergic Anti-Inflammatory Pathway

Nat. Rev. Endocrinol. 8, 743–754 (2012) 
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. The Myo group showed reduced phosphate/total STAT3 (0.5±0.1 times from control, p=0.001) and JAK2 (0.5±0.0 times 
from control, p=0.01). However, MyoNB showed significantly enhanced JAK2 activation (2.2±0.1 times, p=1.00) followed by 
STAT3 phosphorylation (2.2 ± 0.2 times, p=1.00) 

P<0.05

*
*

Molecular mechanisms of 
cholinergic control of inflammation 

AHA 2016



Molecular mechanisms of 
cholinergic control of inflammation. 

AHA 2016
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Molecular mechanisms of 
cholinergic control of inflammation. 
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Mechanism

AHA 2016



Immune-to-brain Communication 

Nat. Rev. Endocrinol. 8, 743–754 (2012) 



• 부정맥은 autonomic nerve의활성과밀접한관련을가지고

있다. 

• Autonomic nerve의조절은부정맥치료에중요한

modality이다.

• 자율신경계조절에의한치료효과에대하여는많은

연구가필요하다.

Take-Home Message



Thank you for your attention!
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