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Definition of electrical storm

• or more VT/VF episodes within 24 hours
• Long-standing VT lasting ≥12 hours

Rule of : episodes within 5 min count as one



Epidemiology
• Prevalence: 10-20% in ICDpatients but otherwise unknown• 10-60% secondary prevention• 4-7% primary prevention• Incidence raising due to:– More awareness by the clinician– More ICD implants• In ACS:– ≈5% in STEMI patients– ≈1-2% in STEMI patients

Guerra et al. Electrical storm in Cardiac arrhythmias, new considerations, 2012 (1st edition), InTech Publishing



Electrical storm and death

• Independent risk factor for mortality– OR 2.4 -7.4 from RCTs– OR 3.15 from MAs• Non-sudden cardiac death much more prevalent than sudden cardiacdeath
AVID trial. Circulation 2001;103:2066-2071; Gatzoulis et al. Europace 2005; 7:184-192; Guerra et al. Europace 2014;16:347-53.



Clinical presentation
• The most frequent ES by far. Patients with ICD o CRT-D. The ESprecedes the clinical deterioration due to HF worsening

Heart failure

• «Out of the sky» events, no preceding symptoms. These includeBrugada and long QT syndrome, non compactioncardiomyopathy, and ARVD

Channellopaties

• Before or right after reperfusion. They are usuallly patientswithout an ICD experiencing many VT episodes while in the cathlab.

Acute coronary syndromes



Guerra et al. Europace 2015

Electrical storm and HF



Treatment

Eur Heart J, ehac262, https://doi.org/10.1093/eurheartj/ehac262.



Treatment

J Cardiovasc Med 2021, 22:669–679. Curr Cardiol Rep 2019, 21:96.



Acute termination vs. recurrenceprevention
Treatment Acute Chronic
Anti-arrhythmic drugs ? +
HF drugs +
Sedation +
CRT upgrade +
Ganglia ablation +
ECMO/LVAD + ?
Sympathetic denervation + +
VT ablation + +
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J Am Coll Cardiol 2018;71:1897–906.

• Propanolol blocks β2 receptors too,which are not down regulated in failingheart

• Propanolol is associated with decreasednoephineprine spillover• Propanolol is lipid soluble, therefore able to acton CNS



JACC Clin Electrophysiol 2017;7:767-778.



JACC Clin Electrophysiol 2017;5:503-511.



BMJ Case Rep 2012. Eur Heart J 2017; 38:1329–1335.



Guerra et al. Europace 2014;16:347-53

• Secondary prevention

• Ejection fraction

• mVT as triggering arrhythmia

• Class I AAD therapy



Exp Rev Cardiovasc Ther 2018; 16, 163–173.

Propofol, while the first choice inmany EP procedures, can bedifficult to handle in ES due to therisk of airway obstruction, potentialproarrhythmic effects, and theabsence of a reversal agent
Midazolam is seen as a betteralternative, due to the reducedvagotonic effect and the promptreversal available with flumazenil

Paper n Sedation strategy Level of sedation

Koovor et al. 1324
Induction: midazolam 2.5-10 mg + fentanyl 10-40 µg

Moderate or deep
Maintenance: midazolam 3-10 mg/h + fentanyl 15-50 µg/h

Lai et al. 150
Induction: propofol 200 µg/kg/min

Moderate or deep
Maintenance: propofol 100 µg/kg/min

Kezerashvili et al. 5479 Induction and maintenance: midazolam 1 mg + morphine 1 mg +
fentanyl 25-50 µg, repeatable Variable

Wutzler et al. 31
Induction: propofol 0.5–1 mg/kg + midazolam 0.03 mg/kg

Deep
Maintenance: propofol 0.5 mg/kg every 3 min

Wutzler et al. 120
Induction midazolam 0.03 mg/kg Minimal (#1)

Deep (#2)Maintenance: none

Servatius et al. 205
Induction: propofol 0.8-1.2 mg/kg

Deep
Maintenance: propofol 3.5–4 mg/kg/h



Circulation 2020; 142: 1599-1601.

116 patients with ischemiccardiomyopathyLVEF 0.254-14 shocks in the previous 60 min• Amiodarone 82%• Lidocaine 44%• Beta-blockers 41%
Acute termination: 44%



Roque et al. Circ Arrhythm Electrophysiol. 2014;7:1064-1069.

• Epicardial pacing at the scar border• Re-entry mechanism• ES starts in the 72 hours after CRTimplant• Can be solved by either repositioning orturning CRT off



Europace. 2018;20:979-985.

• 1319 consecutive patients underwent ICD(n=810) or CRT-D (n=509) implantation.• Propensity score matching was used tocompare two equally sized cohorts of ICD andCRT-D pt with similar characteristics.• Clinical response to CRT : improvement of at least oneNYHA functional class at 6-month FU• Echocardiographic response to CRT: increase inLVESV≥10% at 6-month• Non-responders: all patients who did not met both thedefinitions for positive and negative response



10-fold lower rates of ES whencompared to clinical non-responders
(0.9% vs. 9.3%, Log-rank p=0.017)27-fold lower rates of ES whencompared to negative responders
(0.9% vs. 25.0%; Log-rank p=0.017)

Europace. 2018;20:979-985.

9-fold lower rates of ES when comparedto echo non-responders
(1.0% vs. 9.1% log-rank p=0.023)13-fold lower rates of ES whencompared to negative responders
(1.0% vs. 13.1%; log-rank p=0.023)

Echo responseClinicalresponse



Rev Esp Cardiol. 2018; in press.

Median shocks: 5 (IQR 3-23) before ablationMedian time from ECMO to ablation was 2 [IQR range, 1-4] days



Take-home messages
• ES is a life-threatening event, and the overall managementstill differs from centre to centre.• Regardless on underlying mechanisms, ES should be managedpromptly, as short and long-term treatment are widelydifferent.• Emerging pharmacological and non pharmacologicaltreatments could benefit patients with ES but all therapeuticoptions should be tailored to the specific characteristics ofeach single patient.



Thank you for your attention
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