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Abstract
Purpose of Review Electrical storm (ES) is a life-threatening medical emergency of repetitive episodes of sustained ventricular
arrhythmias within a short period. Its occurrence is associated with poor short- and long-term survival, even in patients with
implantable cardioverter defibrillators (ICD). Management of ES is challenging and mainly based on retrospective studies. This
article reviews the existing literature on ES, presents the available data regarding its management, and proposes a new algorithm
based on current evidence.
Recent Findings Recent research could modify the management of ES supporting the role of non-selective β1 and β2 blockade
and the early intervention with catheter ablation as well as strengthening the role of cardiac sympathetic denervation.
Summary A multipronged approach should be considered for the management of ES including identification and correction of
reversible causes, ICD reprogramming, drug therapy (beta-blockers—especially non-selective ones—and other anti-arrhythmic
drugs) and non-pharmacologic therapies such as catheter ablation and techniques of neuroaxial modulation. Although current
data suggest early aggressive management, further research is required to clarify the optimal order and combination of therapies
for the prevention of future events.
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Introduction

Electrical storm (ES) is most commonly defined as the occur-
rence of three or more repetitive episodes of sustained ventric-
ular arrhythmias (VA) within a 24-h period. This extends to
patients equipped with an implantable cardioverter defibrillator
(ICD), in whom ES is best defined as 3 appropriate detections
of VA in a 24-h period leading to ICD therapies [anti-tachycar-
dia pacing (ATP) or shock] or eventually untreated but
sustained ventricular tachycardia (VT) in amonitoring zone [1].

While ICD implantation reduces the rate of sudden arrhyth-
mic death in patients with cardiomyopathies and inherited
primary arrhythmia syndromes [2], the occurrence of ES is
associated with poor short- and long-term prognosis even in
ICD carriers. Approximately 4–7% of patients implanted for
primary prevention and 10–58% of those implanted for sec-
ondary prevention will experience an episode of ES at some
point after implant [3, 4].

Management of ES is challenging and mainly based on
retrospective studies. This article reviews the existing litera-
ture on this topic, presents the available strategies, and pro-
vides a proposed algorithm based on current evidence (Fig. 1).

Initial Assessment and Care

The electrocardiographic differential diagnosis of wide-QRS
regular tachycardias is often challenging [5]. Several algo-
rithms based on QRS morphology exist to help in the diagno-
sis, which should also take into account the clinical context—
namely the presence of underlying heart disease and the he-
modynamic state. In case of hemodynamically unstable wide-
QRS tachycardia, electrical cardioversion is the treatment of
choice and should be performed immediately [2, 6]; on the
other hand, if the patient is hemodynamically stable, either
pharmacologic or electrical cardioversion can be appropriate.

Identification and, if possible, correction of factors predispos-
ing to ventricular arrhythmogenesis are mandatory elements of
clinical management [7]. Ischemia and hypoxia, electrolyte dis-
turbances (such as hypokalemia, which is especially common in
heart failure) [8], cardiac decompensation, and proarrhythmic
drugs all modulate the electrophysiological properties of the
myocardium. Even though these factors are related mainly to
triggered arrhythmias, they may be involved in initiating and
perpetuating ES [7, 9]. Up to 6% of patients with acute coronary
syndromes present with VT, usually polymorphic, or ventricular
fibrillation (VF) within the first 48 h after symptom onset [2].

ICD Programming

In ICD carriers, device interrogation to confirm that ICD ther-
apies are appropriate should be performed first, as

inappropriate shocks remain frequent despite fairly accurate
discrimination criteria [10, 11]; up to 22% of the total amount
of shocks were inappropriate in a retrospective analysis with a
long follow-up period [11]. The most frequent cause of inap-
propriate ICD therapies was atrial fibrillation with fast ven-
tricular response, but other supraventricular arrhythmias,
oversensing of T waves (in some cases due to lead defect),
and even sinus tachycardia may also be responsible.

However, the occurrence of both appropriate and inappro-
priate ICD therapies increases the risk for ES [12]. Myocardial
injury as a direct effect of intracardiac defibrillation has been
extensively investigated, and there is general agreement that
unnecessary ICD discharges should be avoided [13, 14].
Reentrant VT can be terminated by overdrive, and there is
no evidence that ATP has adverse cardiac effects.

In the ADVANCE III trial, programming a long detection
interval (30 of 40 ventricular intervals) rather than a standard
detection interval (18 of 24) effectively reduced total ICD
therapies (ATP and shocks), as well as inappropriate shocks
and hospitalizations. The incidence of syncope was low and
did not significantly differ between the two programming op-
tions. Long detection was combined with ATP during charg-
ing, resulting in delayed arrhythmia detection without exces-
sively delaying therapy (shock expected to be delivered within
17 to 21 s of arrhythmia detection), if still needed [15]. In the
PainFREE Rx II Trial, ATP was demonstrated to be highly
effective and equally safe compared with shocks, even for fast
VTs of a cycle length between 240 and 320 ms. The use of
ICDs capable of programming a fast VT detection zone de-
fined within the VF zone is necessary in this case [16].

Beta-Blockers

Given the influences of the autonomic nervous system in car-
diovascular properties involved in genesis and maintenance of
VAs, it is no surprise that sympathetic blockade is a corner-
stone in the management of ES [17, 18]. The anti-arrhythmic
effects of beta-blockers are explained by adrenergic-receptor
blockade on sympathetically mediated triggered mechanisms,
slowing of the sinus rate, and possibly inhibition of excess
calcium release by the ryanodine receptor [6].

In dogs, several beta-blocking drugs caused substantial
(average 6-fold) increases in the VF threshold under both non-
ischemic and ischemic conditions [19]. Despite the absence of
placebo-controlled studies of beta-blockers in ICD carriers, cur-
rent evidence supports their use. In the MADIT II study, high
doses of beta-blockers (metoprolol, atenolol or carvedilol) re-
duced the risk for VT or VF in ICD-treated patients with ische-
mic cardiomyopathy (hazard ratio 0.48, p = 0.02) [20].

Sympathetic blockade by administration of beta-blockers and
left stellate ganglion blockade (SGB) was superior to anti-
arrhythmic drugs (AADs) in a study of forty-nine patients who
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experienced ES associated with a recent myocardial infarction
[21]. A lower 1-week mortality (22% vs 82%, p< 0.0001) and
a higher survival over a 1-year follow-up period (67% vs 5%,
p< 0.0001) were observed in the group of sympathetic blockade.

Importantly, the use of non-selective beta-blockers (antag-
onizing both β1 and β2 receptors) may offer a superior anti-
arrhythmic effect. Chatzidou et al. recently reported that oral
propranolol was superior to oral metoprolol in controlling ES

in ICD patients receiving intravenous (IV) amiodarone.
Incidence rate of VAs and ICD discharges was decreased by
more than two times during the intensive care unit stay in
patients receiving propranolol, compared tometoprolol [22••].

In the setting of cardiac arrest from VF or pulseless VT, cur-
rent guidelines of resuscitation recommend epinephrine admin-
istration. Although prospective trials of AADs with beta-
blocking properties, case series, and experimental animal studies
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Fig. 1 Management of electrical storm. ICD implantable cardioverter
defibrillator, VT ventricular tachycardia, ACLS advanced cardiovascular
life support, LSGB left stellate ganglion blockade, ERS early

repolarization syndrome, CVPT catecholaminergic polymorphic
ventricular tachycardia



suggest that beta-blockers during VF may increase rates of suc-
cessful resuscitation and improve outcome, preliminary human
studies are lacking [23]. Beta-blockers are also the medical treat-
ment of choice for certain channelopathies (e.g., congenital long
QT-syndrome type 1 and catecholaminergic polymorphic VT).

Antiarrhythmic Drugs

Amiodarone

Although originally classified as a class III AAD, amiodarone
displays a wide spectrum of actions. Being a multichannel
blocker (including sodium, calcium potassium channels, and
beta-adrenoreceptors), it is the most effective treatment to re-
duce ICD discharges [24]. It is also often preferred in patients
with structural heart disease, in whom class IC antiarrhythmics
are relatively contraindicated.

Intravenous amiodarone use is associated with noticeable
antiarrhythmic response in at least 40% of patients with recur-
rent sustained VAs refractory to other AADs [25]. It is rela-
tively safe for short-term administration, and loading may still
be effective even in patients already on chronic oral amioda-
rone therapy, shortening the time to optimal VA control [26].

Long-term oral amiodarone can be used to prevent the recur-
rence of life-threatening VAs, but its usefulness should be
weighed against potential drug toxicity. The OPTIC trial showed
that in patients implanted with an ICD for the secondary preven-
tion of life-threatening VAs, a combined drug regimen consisting
of amiodarone and a beta-blocker significantly reduced the risk of
shocks compared to beta-blocker alone (HR 0.27, 95% CI 0.14–
0.52, P< .001) and sotalol (HR 0.43, 95%CI 0.22–0.85, P= .02)
[27]. Despite this, the mortality rate was not significantly different
between treatments. Pulmonary and thyroid toxicity as well as
symptomatic bradycardia were more common among patients
randomized to amiodarone and led to drug discontinuation in
18.2% of patients. In a meta-analysis of randomized control trials,
Santangeli et al. found a significant reduction in appropriate ICD
interventionswithAADs (OR0.66, 95%CI 0.44–0.97,P= .037).
However, the significant reduction of recurrent VT episodes was
not associated with a mortality benefit, with a potential for in-
creased mortality with amiodarone [28••]. The SCD-HeFT trial
demonstrated the substantial role of ICD in patients with heart
failure with reduced ejection fraction; on the contrary, amiodarone
was associated with a similar risk of death as placebo [29].

Due to safety concerns, chronic amiodarone treatment
should be ideally reserved as a bridge to more definitive treat-
ment options such as catheter ablation, while periodic evalu-
ation for drug toxicity is mandatory [6]. Importantly, chronic
amiodarone therapy has also been associated with an increase
in the defibrillation threshold and thus, ICD testing should be
considered [30].

Other Antiarrhythmic Drugs

In the case of amiodarone failure, other drugs may be consid-
ered. Procainamide blocks fast sodium channels (class Ia an-
tiarrhythmic agent). Its negative inotropic actions raised con-
cerns about the use in patients with depressed systolic func-
tion, as procainamide can cause hypotension [31]. Moreover,
prolongation of the width of the QRS complex by more than
50% necessitates discontinuation of the drug. On the other
hand, administration of procainamide for acute VT termina-
tion is supported by recent evidence. In the PROCAMIO
study, IV procainamide was compared to IV amiodarone for
the acute therapy of tolerated wide-QRS tachycardia, presum-
ably VT [32]. Procainamide was more effective at terminating
tachycardia and was associated with fewer major adverse
events, such as severe hypotension requiring electrical cardio-
version. Importantly, these findings equally applied to patients
with structural heart disease. Current guidelines recommend
IV procainamide and amiodarone as drugs of choice for the
treatment of hemodynamically stable VT in patients with
structural heart disease [2, 6]. However, evidence for preven-
tion of recurrent VAs, as in the setting of ES, is limited.

Intravenous lidocaine is only moderately effective in pa-
tients presenting with monomorphic scar-related VT.
However, its administration may be useful during acute ische-
mia complicated by VAs as the altered membrane potential
and pH reduction increase the drug-binding rate [2, 6, 7].

Sotalol has been demonstrated to reduce ICD shocks but
has not been shown to be superior to amiodarone or beta-
blockers for preventing VAs [27, 33, 34]. Moreover, adminis-
tration of d-sotalol, the isomer that acts on potassium chan-
nels, has been associated with increased mortality in patients
with left ventricular dysfunction, which was presumed to be
due primarily to arrhythmias [35].

Several combinations of AADs have also been investigat-
ed. In the VANISH trial, mexiletine had limited efficacy in the
treatment of recurrent VT despite high-dose amiodarone ther-
apy [36]. The combination of low-dose sotalol and a class Ia
agent has also been shown to greatly prolong refractoriness
[37] but has not been tested in randomized controlled trials.
When combining AADs, even greater consideration should be
given to the risk of proarrhythmic effects. Moreover, increase
of defibrillation threshold and prolongation of VTcycle length
may have an impact on ICD shock efficacy and arrhythmia
detection, respectively [38].

Sedation

Anesthetic agents as propofol have been associated with sup-
pression of VAs. Abolishing sympathetically mediated tone
may explain this action, as sympathetic activation has been
implicated in the genesis of ES [39]. Sedation is also

96 Page 4 of 8 Curr Cardiol Rep (2019) 21: 96



important to reduce distress in patients with ES and multiple
ICD shocks.

Catheter Ablation

Electrical storm that remains refractory to AADs presents a
major clinical challenge. Current guidelines recommend the
use of catheter ablation in the case of recurrent VAs despite
optimal antiarrhythmic therapy [2, 6]. Moreover, ICD-
unresponsive sudden cardiac death still occurs frequently in
ICD recipients, indicating the importance of strategies to re-
duce arrhythmic burden [40, 41].

The majority of sustained monomorphic VTs arise from a
ventricular scar, most commonly caused by a previous myo-
cardial infarction. The usual mechanism of post-infarct VTs is
reentry, facilitated by areas of unidirectional block due to slow
and inhomogeneous conduction through surviving myocytes
within the scar. This region of slow conduction is usually an
anatomically or functionally circumscribed narrow isthmus
that often becomes a main target for ablation [42].

Ablation for VT has been proved effective and safe, its use
for post-infarct VT having increased steadily over the past
decade [43, 44]. In a meta-analysis of 39 publications that
included 471 patients with ES, 72% of all VAs were success-
fully ablated. Procedure-related mortality was relatively low
(0.6%), and only 6% of patients presented with a recurrent ES
[45]. Limitations surround unmappable VT morphologies
where non-inducibility and non-tolerability frequently cause
problems related to efficacy and safety, respectively.
Additionally, multiple reentry circuits can be present in a sin-
gle patient [42]. However, “scar homogenization” substrate
ablation approach has also been shown to be effective [46].
Moreover, intra-aortic balloon pump and percutaneous me-
chanical circulatory support devices facilitate mapping and
ablation of non-tolerated VAs and are increasingly utilized in
selected occasions [43].

Catheter ablation has been demonstrated to improve out-
come compared to medical therapy alone. In the VANISH
trial, there was a significantly lower rate of the composite
primary outcome of death, ES, or appropriate ICD shock
among patients who underwent ablation compared to escala-
tion in AAD therapy (59.1% vs 68.5%, p = 0.004) [47]. In a
meta-analysis by Santangeli et al., both amiodarone and abla-
tion reduced the risk of recurrent VT compared to control
medical therapy, with no significant difference between the
two treatments [28••]. However, amiodarone appeared to in-
crease the risk of death. Of note, the above-mentioned studies
failed to show a mortality benefit with ablation.

The optimal timing of ablation in patients at risk of ventric-
ular arrhythmias is unknown. Although catheter ablation was
usually performed as a treatment of last resort, early interven-
tion is supported by current evidence. In the SMASH-VT

randomized study, prophylactic substrate-based catheter abla-
tion reduced the incidence of ICD therapy in patients with a
history of myocardial infarction who received ICDs for the
secondary prevention of sudden death compared to patients
who were assigned to defibrillator implantation alone (12%
vs. 33%) [48]. In the VTACH trial, prophylactic VT ablation
before ICD implantation prolonged time to recurrence of VT
from 5.9 to 18.6 months in patients with stable VT, previous
myocardial infarction, and reduced ejection fraction [49].

Scar-related VTs can also occur in other structural diseases,
such as dilated cardiomyopathy, arrhythmogenic right ventric-
ular cardiomyopathy (ARVC), sarcoidosis, Chagas’ disease,
or after surgical ventricular incisions (for example after repair
of tetralogy of Fallot). The distribution of abnormal substrate
in non-ischemic cardiomyopathy presents a higher likelihood
of epicardial and intramural involvement and long-term out-
come after catheter ablation depends on the underlying cause
[50]. Catheter ablation can also be performed for polymorphic
VTs in patients without structural heart disease [2, 51].

Denervation and Surgical Treatment

Neuroaxial modulation plays a critical role in the therapeutic
management of ES, particularly in cases of long QTsyndrome
and catecholaminergic ventricular tachyarrhythmias.
Nevertheless, limited data support the use of cardiac sympa-
thetic denervation (CSD) as an option in a wider range of ES
cases, refractory to medication, and/or ablation treatments [52,
53]. Vaseghi et al. demonstrated in a retrospective study of
121 patients with refractory VAs and structural heart disease
that left or bilateral CSD treatment resulted in a 1-year free-
dom from sustained VT and ICD shock of 58.2% and 50.4%,
respectively. Moreover, out of 120 patients on AAD treatment
prior to CSD, 39 (32%) were eligible to discontinue oral
AADs at follow-up [54•].

Thoracic epidural anesthesia (TEA) has also been proposed
to help relieve ES. Bradfield et al. displayed its efficacy in a
multi-center study of 11 patients with ES. Five patients
responded completely and 1 responded partially, while a se-
dation response was associated with a probable clinical favor-
able response to TEA [55]. Bourke et al. showed similar fa-
vorable clinical results when left CSD and/or TEA where in-
cluded in the therapeutic management of patients with VT,
refractory to medical treatment and ablation [56].

Stellate ganglion blockade has been suggested as another
feasible approach in cases of refractory ES, when performed
by experienced operators. A recent review and meta-analysis
by Fudim et al. demonstrated the clinical efficacy of unilateral
and bilateral SGB in patients with a high VA burden: SGB
resulted in a significant decrease in VT episodes and the need
for defibrillation. Moreover, SGB correlated with a reduction
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in VAs regardless of cause for contractile dysfunction, ventric-
ular arrhythmia, and cardiomyopathy [57].

Renal denervation (RDN) could also hold promise in selected
cases, but data is extremely limited. Remo et al. recently reported
favorable clinical results while performing RDN in 4 patients (2
ischemic, 2 non-ischemic) with cardiomyopathy and frequent
VT episodes refractory to all other therapeutic interventions
(medication, ablation, cardiac resynchronization). A reduction
in VT episodes was recorded from 11 ± 4.2 (5.0–14.0) over the
month beforeRDN, to 0.3 ± 0.1 (0.2–0.4) in themonth following
treatment [58].

Not Scar-Related Polymorphic VT/Electrical
Storm

In contrast to substrate-related monomorphic VTs, polymor-
phic VTs are most often attributable to myocardial ischemia,
inherited primary arrhythmia syndromes, and acquired long
QT syndrome. Electrical storm in patients with Brugada or
early repolarization syndrome can be managed acutely with
IV isoproterenol and oral quinidine [59]. In patients with re-
peated ICD shocks, oral quinidine and cilostazol are the treat-
ment of choice. Class Ia and Ic AADs are contraindicated
because of their effects of unmasking J wave syndromes and
inducing arrhythmogenesis due to their Na+ channel blockade.
In selected patients with drug-refractory ES presenting with
polymorphic VTs, catheter ablation targeting premature ven-
tricular beat triggers can be attempted [2, 51].

Intravenous magnesium administration is the initial ap-
proach for polymorphic VT due to a long QT interval [2, 6].
In the case of bradycardia, isoproterenol therapy or temporary
pacing eliminates bursts of VAs associated with pause-
dependent triggered activity by reducing the duration of the
action potential. Exclusion of acquired causes is also manda-
tory in the context of polymorphic VTand a long QT interval.
Beta-blockers are recommended in all patients with long QT
syndrome, while left CSD should be considered in patients
with multiple ICD shocks, as previously was discussed [2].

Flecainide should be considered in addition to beta-
blockers in patients with catecholaminergic polymorphic VT
who experience recurrent polymorphic or bidirectional VT
[2]. Left CSD may also be considered.

Conclusion

Electrical storm is a life-threatening medical emergency with
poor prognosis. Management requires a multipronged ap-
proach including identification and correction of reversible
triggers, device programming, drug therapy (beta-blockers—
especially non-selective ones—and other AADs) and non-
pharmacologic therapies such as catheter ablation and

neuroaxial modulation. Whether amore interventional ap-
proach should be taken simultaneously to pharmacological
treatment or only in drug-refractory cases is not well-clarified.
Although current data suggest early aggressive management,
further research is warranted to establish the role of the avail-
able strategies for prevention of future events.
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