
Nome Cognome

Titolo Relazione

DataNuove frontiere nella gestione delle aritmie 
ventricolari refrattarie: focus sulla 
neuromodulazione.

Dott. S.Savastano, Dott. R.Rordorf
UOC Cardiologia 1
Fondazione IRCCS Policlinico San Matteo.



Ruolo della neuromudalazione acuta per il
trattamento dello storm aritmico

Ruolo della neuromudalazione per la 
prevenzione delle recidive

Sistema nervoso simpatico e aritmie



Fattori Modulanti
Sistema autonomico

Trigger Substrate

tratta da Simone Savastano: «Il blocco percutaneo del ganglio stellato a scopo antiaritmico Una guida pratica». Il Pensiero Scientifico Editore



Circ Res. 2012;110:325-336.

L’attivazione del sistema simpatico:

1- aumenta la frequenza cardiaca

2- aumenta l’automatismo

2- riduce la soglia di fibrillazione ventricolare

3- riduce la refrattarietà

4- aumenta la velocità di conduzione 

Il sistema nervoso autonomico e il cuore
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Storm aritmico

Definizione
“ più di tre VT/VF nelle 24 h.”

Prevalenza
• 10-28% in tre anni nei pazienti impiantati in prevenzione secondaria
• 4 % in tre anni in pazienti impiantati in prevenzione primaria

Outcome
• Aumenta il rischio di mortalitò (RR 5)

JAm Coll Cardiol 1998;32:1909–1915. 
Europace 2000;2:263–269.
Circulation 2001;103:2066–2071
European Heart Journal (2006) 27, 3027–3032
Circulation. 2016;133:672-676

J Am Coll Cardiol. 1998;32:1909
Circulation.2001;103:2066
J Am Coll Cardiol. 2000;36:566
Heart Rhythm. 2007;4:1395

Europace (2014) 16, 347–353



VT/VF

↓CO 

↓Pressione 
arteriosa

Attivazione del 
sistema simpatico

↑Rilascio di 
noradrenalina

Farmaci con un 
effetto inotropo
negativo

Farmaci con un 
effetto ipotensivo

s.savastano@smatteo.pv.it



s.savastano@smatteo.pv.it





European Heart Journal (2022) 00, 1–130
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Savastano S. Heart Rhythm. 2022 Dec 9:S1547-5271(22)02695-9
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Savastano et al.  Eur Heart J. 2024 Jan 30:ehae021

131 patients

184 procedures

19 centres



Reduced LVEF
25±12.3%

11 (8.4%)
Refractory cardiac arrest 

23 (17.6%) Acute MI
14 (10.7) NSTE-ACS
37 (28.2%) chronic CAD
29 (22.1%) DCM
………

Shock 
27 (20.6%) Cardiogenic
7 (5.3) Septic

131 patients

36 (27.5%) In-hospital mortality
6 (4.6%) for ES

s.savastano@smatteo.pv.it
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Anticoagulant/Antiplatelet
26 (14.1%) None 
13 (7.1%) DAPT
58 (31.5%) DOAC/VKA/Heparin
……

184procedures 

181 (98.4%) left
3 (1.6%) right

118 (64.1%) VT 
35 (19%) VF
31 (16.8%) VT&VF 

106 (57.6%) Anatomical
48 (42.4%)  Echo

Savastano et al.  Eur Heart J. 2024 Jan 30:ehae021

On intubated pts
37 (20.1%)

1 (0.5%) major complication
8 (4.3%) side effects



Savastano et al.  Eur Heart J. 2024 Jan 30:ehae021
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Strongly 

recommended

Mildly 

recommended

Not 

recommended

Clinical condition

Refractory or recurrent VT/VF during the acute or subacute phase of myocardial 

infarction



Refractory or recurrent VT/VF in chronic ischemic heart disease 

Refractory or recurrent VT/VF in non- ischemic heart disease 

Refractory or recurrent VT/VF in other structural heart disease 

Refractory or recurrent VT/VF in LQTS and CPVT 

Refractory or recurrent VT/VF in LQTS and CPVT or in structural heart disease in 

paediatric patients



Recurrent or incessant slow monorphic VT without hypotension 

Refractory or recurrent VT/VF in patients with transplanted heart 

Refractory or recurrent VT/VF in Brugada syndrome 

Refractory or recurrent VT/VF in patients previously treated with BCSD. 

Side of PSGB

The use of right PSGB in case of failure of more than one left SGB mostly in those 

condition particularly involving the right ventricle



The routine use of right PSGB in case of failure of one left PSGB 

The routine use of bilateral SGB 

Savastano S. Heart Rhythm. 2022 Dec 9:S1547-5271(22)02695-9
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Il ruolo del San Matteo
• Corsi di formazioni

• 15 edizioni (375 colleghi formati)
• 2 edizioni in Inglese (16 colleghi formati)
• Un manuale in Italiano
• Un manuale in Inglese (coming soon)

• Ricerca clinica
• Studio STAR osservazionale multicentrico internazionale
• Studi randomizzati
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Electrical storm: aims of treatment

• Acute phase stabilization: emergency setting

• Chronic phase stabilization: prevention of 
recurrences.

Relatore
Note di presentazione
The aim of our treatment should therefore be double-First to treat arrhythmic storm in the acute phase and secondly to prevent recurrences.



Catheter ablation of TV from myocardial scar

Relatore
Note di presentazione
Or at treating re-entry VT from myocardial scar as in this case with this very nice mid-diastolic potential within a deep scar in the LV apex



Standard technique: 
- 3 intercostal accesses
- Traditional surgical

Thoracoscopic cardiac denervation
Robotic technique



Cardiac denervation

Lower ½ 
LSG 

T2T3T4
Thoracic ganglia

2 cm

Deflated lung

1st rib
2nd rib

3rd rib

4th rib

Sympathetic chain

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



Left Cardiac denervation in CPVT

De Ferrari GM, et al. Circulation 2015;131:2185-2193 

63 CPVT, 85% with symptoms, 97% on BB, 25% on BB+ fleca, 59% with ICD

38 pz with MCE on OMT

92% event-rate reduction

Relatore
Note di presentazione
Studio multicentrico su 63 pazienti con CPVT 85% sintomatici, tutti in beta-bloccante e 25% anche in flecainide; 50% impiantati con ICD . Drammatica  riduzione degli eventi aritmici tra prima e dopo la denervazione (a sinistra). e



 Ragazzo di 17 anni (S-O) affetto da una grave 
forme di malattia genetica, la tachicardia 
ventricolare catecolaminergica da mutazione 
della calmodulina.

 Storia di arresto cardiaco all’età di 3 anni, 
successivamente impianto di defibrillatore 
con multiple recidive aritmiche e shock 
dell’ICD  

 Marzo 2023 inviato da Stoccolma a Pavia per 
denervazione cardiaca simpatica di sinistra

 Ad oggi non più recidive di aritmie ventricolari

Intervento di denervazione cardiaca sinistra

San Matteo: centro di riferimento per 
denervazione cardiaca toracoscopica a 

scopo anti-aritmico
L. Pugliese (Chirurgo), A. Mori 

(Anestesista) R.Rordorf, A.Vicentini
(Cardiologi-Aritmologi)  



Dusi V, et al JACC EP 2022

125 pz LQTS 
LCSD 1973-2020 86% annual event-

rate reduction.



Cardiac denervation in LQTS

Schwartz PJ, Ackerman MJ European Heart 2022;43:2096-2102

ICD ± LCSD

LCSD, no ICD



Dusi V, et al JACC EP 2022

Denervazione cardiaca e intervallo QT 
QT<500 msec dopo LCSD e outcome

Relatore
Note di presentazione
Nei pazienti con QT marcatamente prolungato in basale si è osservata una riduzione dell’intervallo QT di circa 60 msec post LCSD. Nessuno dei pazienti del gruppo sincope che ha mostrato una riduzione del QT post-denervazione sotto i 500 msec ha avuto un evento maggiore nel follow-up



- Retrospective study (5 non European
centers)

- 121 pts with SHD (mean 55 yrs, LVEF
30%), 27% ICM, 71% NICM (0.8% familiar)

- 19% had LCSD, 81% BCSD

- CSD reduced the burden of ICD shocks
from of 18 ± 30 (median 10) in the year
before study entry to 2.0 ± 4.3 (median 0)
at a median follow-up of 1.1 years (p <
0.01).

Vaseghi M et al J Am Coll Cardiol 2017;69:3070–80

Surgical cardiac denervation



Our experience: CUT-VT Registry

36, 85% NICM (all types)
 1 case of hemothorax 

(mechanical aortic valve)
 No need for hemodynamical

support

0 2 4 6 8 10 12 14 16 18

Post-ischemic CMP
Idiopathic CMP

Familiar CMP
CMP in myotonic dystrophy

Lamin A/C related CMP
AR/LVC

Hypertrophic CMP
Valvular CMP

Baseline characteristics, 
N = 42   

N, %

Male 36, 86%
Mean age 54 ± 16 (range 16-81) 
OSM/Molinette (%) 59/41
LCSD 4, 10%
ICD (all types) 41, 98%
CRT-D 15, 36 %
LVEF (%) 32 ± 12 
NYHA Class I/II/III/IV (%) 19/48/31/2
LVAD/OHT indication (for HF) 13, 41%
History of electrical storm 31, 74%
History of ICD EOT condition 11/41, 27%
Chronic amiodarone 25, 60%
Previous amiodarone-induced 
thyrotoxicosis 7, 17%

Previous VT/PVC ablation 22/2, 60%
Previous PLSGB 6, 42%
pVT/fast VT (<250 msec) 24, 57%
Referred from other Centers 15, 36%

Relatore
Note di presentazione
This is our experience together with that of the University of Turin in pts with SHD and ventricular arrhythmias treated with bilateral cardiac sympathetic denervation. The majority of the pts had non-ischemic cardiomyopathy and with 3 out of 4 patients with a clinical presentation of electrical storm. Few major complication were reported. Intra or peri-operatory (72 h) mortality: 0%Intra or peri-operatory (72 h) ECMO/Impella/IABP:0%Intra-operatory VT/VF: 1 case (slow VT) before CSD, 3%
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Bilateral cardiac sympathetic denervation: 
hemodynamic effect over time

Left ventricular ejection fraction Right ventricular function

Relatore
Note di presentazione
But the question could also be: is it safe to remove sympathetic innervation in pts with advanced SHD?. We looked at LV ejection fraction and RV function over time in patients treated with cardiac denervation and found no significant change suggesting the absence of a negative effect of cardiac denervation on patients hemodynamics.
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All CSD BCSD LCSD

All CSD, p <0.01

Median FU 25 months (IQR 7-42): 
• 12 deaths (29%), 10 due to refractory HF, 1 due to refractory ES, 1 non cardiac
• 3 HTx (7%)

From 12 (IQR 4-43) to 0 (IQR 0-12)

No ICD end of treatment conditions occurred after CSD (vs 
27% before, p<0.01)

BCSD, p <0.01

Cardiac sympathetic denervation: efficacy



Vaseghi M et al.
J Am Coll Cardiol
2017;69:3070–80

Cardiac sympathetic denervation: clinical predictors



Relatore
Note di presentazione
It should be emphasized that the latest ESC guidelines on ventricular arrhythmias encourage to consider autonomic modulation in pts with electrical storm who are refractory or not good candidate for catheter ablation. 
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