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Temporal Changes in Cardiac

Innervation With Disease Progression

Fukuda et al. Circ Res. 2015;116:2005-19



Arrhythmogenic Effects of Sympathetic 

Hyperactivity/Remodeling 

• Increased impulse formation (EADs and

DADs)

• Shortened refractoriness

• Increased spatial and temporal dispersion of

refractoriness

• Increased directionally dependent impulse

propagation

• EADs facilitated re-entry

• HR rise+VO2 rise increase ischemic and EP

changes

• HR rise increases likelihood of conduction

blocks

• Denervation and reinnervation are

heterogeneous and dynamic processes

J Am Coll Cardiol EP 2019; 5: 881
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VTs in SHD: a unifying framework



Circ Arrhythm Electrophysiol. 2015;8:583-91 



Stellate Ganglion Block and VFT

PJ Schwartz et al, Am J Cardiol 1976



- Thoracic Epidural Anesthesia

- Spinal Cord Stimulation

- Percutaneous stellate Ganglion Block

- Stellate Ganglion Radiofrequency Ablation

- Cardiac Sympathetic Denervation    

(cervicothoracic sympathectomy)

- Ganglionated Plexi Ablation 

- Botulinum Toxin Injection

- Renal Denervation

- Cervical Vagal Nerve Stimulation

- Auricular Branch of the Vagus Nerve 
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NEURAXIAL LEVEL ANTIARRHYTHMIC INTERVENTION

Electrical vagal stimulation

Spinal cord interventions

Interventions on Stellate ganglion/sympathetic chain

Interventions on ICNS

ICNS

Modified from V. Dusi et al, Curr Cardiol Rep. 2019;18:32
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The UCLA’s approach



Percutaneous stellate ganglion block (PSGB)

Pros:

• Can be safely performed at bedside

by a trained cardiologist

• Trivial infective and hemorrhagic risk

Cons:

• Not quantifiable ipsilateral neuronal

sympathetic block at cardiac level

Anatomical approach US-guided approach 



Fudimi M et al. J Cardiovasc Electrophysiol.2017;1–8

Arrhythmic burden 24 ore pre vs post PSGB



PSGB in Pavia

• First Italian Center to report about

PSGB to treat ES/refractory VT/VF

• A prospective study of PSGB in

patients with refractory ES was started

on July 2017 (PI Savastano Simone)

• 17 left PSGBs (2 during ECMO) have

been performed so far (including 2

continuous infusion as a bridge to

CSD)

• A training course is now offered to

internal and external cardiologist and

anesthesiologist willing to learn the

procedure

Savastano S, Baldi E, et al.  Europace. 2019, doi: 10.1093/europace/euz180



VATS-CSD

12



Lower ½ 
LSG 

T2T3T4

Thoracic ganglia

2 cm

Deflated lung

1st rib
2nd rib

3rd rib

4th rib

Sympathetic chain

Anatomy of left sympathetic chain

Bourke T, et al. Circulation. 2010;121(21):2255-2262



2015 ESC GL: Class IIa indication

2017 AHA/ACC/HRS GL: Class I for symptoms 

2017 AHA/ACC/HRS GL: Class IIb for asymptom

2015 ESC GL: Class IIb indication

2017 AHA/ACC/HRS: Class I for symptoms 

LQTS 

CPVT 



Mar 2014

June 2017

n=41, 34% LCSD, LVEF 31± 13%, 80% with MMVT

n=121, 19% LCSD, LVEF 30±12%, 71% NICM 

71% with MMVT,  64% >1 VT morphology

66% previous VT ablation, median 2/pt (IQR 1-2)

Single center

Study (UCLA)

Multicenter

Study (n=5)
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Baseline characteristics,  N = 14 N, %

Male 12, 86%

Mean age 56 ± 16 

Robotic VATS 2, 14%

ICD (transvenous) 13, 93%

CRT-D 5, 36%

History of AT/AF 6, 43%

LVEF (%) 31 ± 13

NYHA Class ≥ 3 4, 29%

VAD/OHT indication (for HF) 6, 43%

History of electrical storm 10, 71%

Chronic amiodarone 9, 64%

>1 chronic AAD 3, 21%

Previous VT/PVC ablation 5/1, 43%

Previous PLSGB 1, 7%

BCSD in SHD:

Pavia’s experience

0 1 2 3 4 5

Post-ischemic CMP

Idiopathic CMP

 Familiar CMP

CMP in myotonic dystrophy

Lamin A/C related CMP (+ED)

ARVC

Hypertrophic CMP (+LMNA/C)

- First BCSD in SHD (VATS): April 2016

71% NICM



Indication/Presentation

Urgent, 36%

Elective, 50%

Emergent, 14% 



Outcomes

• Median FU 12 months (IQR 6-23) 

• Procedural related complications:

– No major complications

– 8 (57%) patients had transient post-operative 

neuropathic pain

• Hard events, n=3 (21%)

– 1 Death due to refractory VAs in AHF (NYHA III, 

severe MR)

– 1 LVAD implantation due to refractory VAs in 

AHF (NYHA III, severe MR, MMVT, Lamin A/C 

CMP)

– 1 Heart transplantation (no VAs before)

• Incidence of VAs, total n=6 (43%) : 

– ICD shock: 5/14 (36%)

– ATP only: 1/14 (7%)   
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p=0.001

n=2

Burden of shocks 6 months

before vs after BCSD (n=11)

Median 3 (2-22) versus 0 (0-0.5)
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