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Definition of electrical storm 

Management of electrical storm 

Three or more separate arrhythmia episodes leading to 
ICD therapies [antitachycardia pacing (ATP) or shock] 

occurring over a single 24 h time period 



 underlying cardiac disease 

 electrical stability 
 hemodynamic stability 
 configuration of QRS 
 morphology 
 antiarrhythmic drugs 
 (QT prolongation, QRS width) 

Electrical storm – clinical approach 



 underlying cardiac disease 

YES NO 

CAD ± infarction 
DCM 
HCM 
ARVD 
Valvular heart disease 

Idiopathic VT / VF 
LQTS 
Brugada syndrome 
J-wave syndromes 

Electrical storm – clinical approach 



Yew intoxication (Taxus baccata) 

Veltmann et al. Circulation 2009; 119:1836-1837 

Brugada Syndrome 



Veltmann et al. Circulation 2009; 119:1836-1837 
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Brugada Syndrome 



V1 

V6 

V5 

V4 

V3 

V2 

aVF 

aVL 

aVR 

  III 

   II 

    I 
Yew Intoxication 

(taxine A, B) 

Brugada Syndrome 

Veltmann et al. Circulation 2009; 119:1836-1837 



         0               +2 hrs           +5 hrs            +11 hrs         +18 hrs          +24 hrs 

V1 

V6 

V5 

V4 

V3 

V2 

Yew Intoxication (taxine A, B) 
Brugada Syndrome 

Veltmann et al. Circulation 2009; 119:1836-1837 



5%
6%

54%
21%

3%2%2%
7%

CAD

IDCM

Myocarditis

ARVD

Valvular HD

HCM

Congenital HD

Other diseases

Advanced VT Care Unit (2007- 2011) 
 616 Patients with VT in the setting 
of structural heart disease – 
Catheter ablation in 528 (86%) 

Circulation 2013;127:1359-1368 



Management of electrical storm 

Predictors of electrical storm recurrences in 
patients witch ICD 

1993 – 2008 

955 patients 

Follow-up 54±35 months 

63/955 patients with ES (6.6%) 

Streitner et al. Europace 2011; 13: 668-774 



Streitner et al. Europace 2011; 13: 668-774 

ES recurrences according to patients with or without angiotensin 
converting enzyme inhibitor therapy 

Management of electrical storm 



Huang et al. Heart Rhythm 2007; 4: 1395-1402 

Electrical storm in MADIT-II 

Management of electrical storm 



Hohnloser et al. Eur Heart J 2006; 27: 3027-3032 

Electrical storm in SHIELD 

Management of electrical storm 



 configuration of QRS 

 morphology 

 

 electrical stability 

 hemodynamic stability 

stable 
unstable 

monomorphic 
polymorphic 

tolerable 
untolerable 

TdP 
QRS discernible 

VF 

Electrical storm – clinical approach 



Ischemia 

 

no prior infarction 

VF, polymorphic VT 

significant coronary lesion 
 (main stem) 

arrhythmogenic substrate 

 (exercise) (at rest) 

infarction 

monomorphic VT 

occluded coronary vessel 

Management of electrical storm 



Early Repolarization Syndrome 

Kardiol Pol. 2008;66:873-7  





Early Repolarization Syndrome 



 slowing of conduction 
  (SR  VT)  

 recurrent ischemia 

 intoxication / multiple antiarrhythmic drugs 

Management of electrical storm 

Potential causes (I) 



 electrolyte disturbance 

 progression of CHF 

 alcohol, stress 

 mechanically induced VT 
 (temporary pacing lead)  

Potential causes (II) 

Management of electrical storm 



Acute management 

Monomorphic 
VT 

Polymorphic  
VT / VF 

TdP 
 

Management of electrical storm 



 cardioversion 
 (J)  

 overdrive pacing 

 electrolyte administration 

 Mg++ 

Management of electrical storm 

Monomorphic VT (I) 



 sedation / narcosis 

 (Betablocking agents, esmolol iv) 

 overdose of antiarrhythmic drugs 
 Na+ lactate i.v. 

 rate    (class III, AA) 

 rate    (class I, AA) 

 CPR until drug elimination 

Management of electrical storm 

Monomorphic VT (II) 



 treatment of CHF 
 (catecholamine, diuretics, hemofiltration)  

 exclude ongoing ischemia  angiography 

 amiodarone i.v (5 mg/kg – 5 min) 

Catheter ablation 

(TTE/TEE exclude thrombus formation) 

Management of electrical storm 

Monomorphic VT (III) 



Termination of incessant VT during RF ablation 



Management of electrical storm 

Unstable VT / VF 

 IAPP 
 ECMO 

Stabilize circulation 
Emergency ablation 



Management of electrical storm 

 IABP is an effective support to achieve pts 
stabilization before the treatment of the arrhythmia 
by catheter ablation. 
 

 It allows extensive treatment with even in patients 
with severely depressed LV function. 

Heart 1999; 82: 96-100 



Management of electrical storm 
ECMO hemodynamic support was instituted 



Management of electrical storm 

193 pts treated 
by VT ablation 
since Jan 2010  

17 /193 (9%) pts 
required direct ICU 
admission due to 

cardiogenic shock 

2 pts 

  incessant VT 

15 pts 

  Electrical 
Storm 

Age, Mean ± SD,  Years 68±10 
LVEF 28±6 
Unresponsive to chronic Amiodarone 11  / 17 (65%) 

Unresponsive to ev lidocaine 15 /17   (88%) 

Renal Disease , N, % 5 /17     (29%) 

AFib , N, % 9 / 17    (53%) 

ICD , N, % 14 /17   (82%) 

 Patients with recurrent Ventricular Tachycardia presenting 
cardiogenic shock 

CAD 11 /17 (65%) 

IDCM 5 / 17  (29%)  

ARVD 1 / 17   (6%) 

ECMO 3 /17    (18%) 
IABP 14 / 17 (82%) 

Della Bella, Milan Experience 



Catheter ablation 
Number of ablation procedures 
                                                           1 
                                                           2 

 
16/17  (94%) 
1/17      (6%) 

Mapping system 
                                                     CARTO 
                                                     Navx- Non contact Array 

 
12/17  (70%) 
5/17    (30%) 

Ablation Site 
                                                    Endocardial 
                                                    Endo-Epicardial 

 
12/ 17 (70%) 
5 / 17  (30%) 

Late potentials abolition 9/17    (53%) 

Post-procedural EP study 
                                                  Prevention of any VT induction 
                                                  Induction of VF 

10 /17 (58%) 
9/17    (52%) 
1/17      (6%) 

Stable hemodynamically efficient sinus rhythm was achieved in 
all patients.  

Management of electrical storm 

Della Bella, Milan Experience 



Nademanee et al, 
 Circulation 2000;102:3080 

Recurrent VF 



 defibrillation 
 recurrent ischemia ? 
 amiodarone i.v., betablocker i.v. 

 Mg++ sulfate i.v. 

 emergency angiography 
 (PTCA, CABG) 
 bradycardia induced? 
 catecholamine, temporary pacing 
 emergency ablation 

Polymorphic VT / VF 

Acute management 

Management of electrical storm 



Mapping and ablation of idiopathic VF 

Haïssaguerre et al, Circulation, 2002; 106: 962-967 



n = 27 

 HP system  23 / 27 pts 
  
 left ventricular septum  10 pts 
 anterior right septum  9 pts 
 both    4 pts 

 
 RVOT 4 / 27 pts 

24 ± 28 months 89% no VF 
   (ICD back-up) 

Haïssaguerre et al, Circulation, 2002; 106: 962-967 

Mapping and ablation of idiopathic VF 



Bänsch et al. Circulation 2003; 108: 3011-3016 

Ablation of polymorphic VT/VF after MI 



 Ablation of unstable VT is possible 

   VT palliation 

   rescue procedure 

 Ablation of VF is possible 

   VF palliation 

 ICD back-up is still mandatory   

Conclusions 

Ablation of VT/VF 



TdP 

Management of electrical storm 



 increase rate 
    isoproterenol i.v. 
    temporary pacing 

 betablocker agents i.v. 

    (mexilitine) 

 Mg++ sulfate i.v. 

Acute management 
TdP 

Management of electrical storm 



 Isoproterenol infusion 

 Fever 

 Catheter ablation 

 Quinidine 

Electrical storm in J-wave syndromes 

Management of electrical storm 



Electrical storm in idiopathic VF 

Management of electrical storm 

n = 91 patients 

14/91 pts (15.4%) with ES 

J-wave 

no storm (n=77) 
36% 

ES storm (n=14) 
93% 

Aizawa et al, JACC 2013; DOI: 10.1016/j.jacc.2013.05.030 



Electrical storm in idiopathic VF 

Management of electrical storm 

Aizawa et al, JACC 2013; DOI: 10.1016/j.jacc.2013.05.030 



Effect of isoproterenol in electrical storm 

Management of electrical storm 

Aizawa et al, JACC 2013; DOI: 10.1016/j.jacc.2013.05.030 



Conclusions 

Management of electrical storm 

 Electrical storm is a life-threatening condition 
and occurs in up to 10% of ICD patients 

 Randomized trials in the management of 
electrical storm are lacking 

 Management of electrical storm is strongly 
depending  on the skills of the arrhythmia 
service 



Intervention Level 

Catheter Ablation 

Catheter Ablation 

At the level of the heart 

Management of VT/VF Storm 

Neuraxial and Systemic 







 

 Basic Res Cardiol 2013; 108;336 



Electrical storm 

Tsuji et al. Basic Res Cardiol 2013; 108: 336 

Prototype of the cardiac action potential (AP) and its 
underlying ionic currents 



Electrical storm 

Tsuji et al. Basic Res Cardiol 2013; 108: 336 

Schematic representation of a ventricular myocyte 
indicating the major ionic currents 



Electrical storm 

Tsuji et al. Basic Res Cardiol 2013; 108: 336 

Schematic representations of early (a) and delayed (b) 
afterdepolarizations and their dominant underlying mechanisms 



Electrical storm 

Tsuji et al. Basic Res Cardiol 2013; 108: 336 

Overview of clinical conditions 



Electrical storm 

Tsuji et al. Basic Res Cardiol 2013; 108: 336 

Proposed pathophysiology of ES based on a rabbit ES model.  



Electrical storm 

Tsuji et al. Basic Res Cardiol 2013; 108: 336 

Therapeutic interventions for recurrent VT/VF  
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