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Definition of electrical storm

o e or more VT/VF episodes within 24 hours

» Long-standing VT lasting >12 hours

Rule of e: episodes within 5 min count as one



Epidemiology

* Prevalence: 10-20% in ICD
patients 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

Author Year Definition Population %
Wood 1995 23VT/VF<24h ICD (secondary prevention) 10
Kowey 1996 22VT/VF<24h All ES patients -
Villacastin 1996 22 shocks for VT ICD (secondary prevention) 20
Fries 1997 >2VT<1h ICD (secondary prevention) 60
Credner 1998 23VT/VE<24h ICD (secondary prevention) 10
Nademanee 2000 ;ii;;{}iﬁj - All ES patients

Greene 2000 23VT/VE<24h ICD (secondary prevention) 18
Bansch 2000 23VT/VEF<24h ICD (secondary prevention) 28
Exner 2001 23VT/VE<24h ICD (secondary prevention) 20
Verma 2004 22 VT/VF<24 h ICD (secondary prevention) 10
Arya 2005 23 VT/VF<24h ICD (30% primary prevention) |13
Brigadeau 2006 22 VT/VF <24 h ICD (secondary prevention) 58
Honhloser 2006 23 VT/VF <24 h ICD (secondary prevention) 23
Sesselberg 2007 23 VT/VF<24 h ICD (primary prevention) 4
Nordbeck 2010 23 VT/VF<24 h ICD (55% primary prevention) |7
Streinert 2011 23 VT/VE<24 h ICD (81% primary prevention) |7

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




Electrical storm and death

Electrical storm No Electrical storm Risk ratio Risk ratio
Study or subgroup Evenis Total Evenis Total Weight Random, 95% CI Random, 95% CI
Fries et al. 1997 10 34 1 23 2.5% 6.76 [0.93, 49.31] =
Credner ef al. 1998 2 14 6 122 3.8% 2.90 [0.865, 13.04] 1T
Bansch et al. 2000 16 30 5 76 6.9% 8.11[3.26, 20.16] =
Greene et al. 2000 10 40 18 182 8.6% 2.53[1.26, 5.06] -
Exner et al. 2001 34 a0 69 367 11.5% 2.01[1.43, 2.82] i
Verma et al. 2004 57 208 159 1796 12.0% 3.10 [2.37, 4.04] =
Stuber et al. 2005 11 51 12 163 8.1% 2.93[1.38, 6.24] ===
Gatzoulis ef al. 2005 17 32 19 137 10.0% 3.83 [2.28, 6.50] ——
Hohnloser et al. 2006 4 148 16 485 5. 8% 0.82 [0.28, 2.41] T
Brigadieau et al. 2006 25 123 28 184 10.3% 1.34 [0.82, 2.18] i il
Sesselberg ot al. 2007 15 27 82 692 11.1% 4.69[3.16, 6.95] =
MNordbeck ef al. 2010 13 40 24 684 9.4% 9.26[5.11, 16.79] —
Total (95% Cl) 837 4911 100.0% 3.15 [2.22, 4.48] : 3
Total events 213 439

1 | | |

Heterogeneity: t2 = 0.25; 2 = 47.93, df =11 (P < 0.00001); /2 = 77% I I I !
0.01 0.1 1 10 100

Lower mortality Higher mortality

* 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 cardiac
death

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

=== Heart failure

e The most frequent ES by far. Patients with ICD o CRT-D. The ES
precedes the clinical deterioration due to HF worsening

mmm Channellopaties

e «Qut of the sky» events, no preceding symptoms. These include
Brugada and long QT syndrome, non compaction
cardiomyopathy, and ARVD

Acute coronary syndromes

» Before or right after reperfusion. They are usuallly patients
without an ICD experiencing many VT episodes while in the cath
lab.




Electrical storm and HF

Total rehospitalizations (%)
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Survival (months)
No. at risk
ES 34 20 (0.91) | 10(0.75) | 5(0.67) | 2(0.54) | 1(0.54)
WHF 82 50 (0.81) | 34 (0.72) | 18 (0.65) | 8(0.55) | 2 (0.55)
VTs/VFs 30 24 (0.80) | 16 (0.89) | 8(0.89) | 2(0.89) -

Guerra et al. Europace 2015

B ES rehospitalization
B HF worsening rehospitalization
B Other cardiac causes

HF worsening

Diagnosis at enroliment



Treatment
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Multiple ICD shocks/ATP

Treatment

Appropriate

ICU admission

+ Sedation

+ Treatment of reversibile triggers

= ICD reprogramming

« Betablockers/antiarrhythmic drugs

» 12 eads ECG monitoring

« Ventilation/mechanical circulatory
support

Consider VT ablation

Inappropriate

h 4
Oversensing AFISVT
ICD reprogramming
A J

ICD/lead
failure

J Cardiovasc Med 2021, 22:669-679.

* ICD reprogramming
* Betablockers/
antiarrhythmic drugs

»Hospital
admission
» Device revision

Consider AF/SVT
ablation

Electrical Storm
23 episodes of VT/ VF/ ICD shocks
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- 1. Exclusion of
Hemodynarmically ACLTpl:r;toc‘o‘l wltlh inappropﬁgte shocks
unstzble patients kb irintton 2. Programming of long
cardioversion detection interval
3. Programming of fast VT
1. Estimation of detection zone
hemodynamic status '
1
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Hemodynamically I - o '
stable patients Treatment [
x
[
i
2, Identification fcorrection | 1
of reversible causes
* Acute Coronary Syndrome
* Electrolyte disturbances f
* Hypoxla Assessment of VT
* Cardiac Decompensation Morphology
* Pro-arrhythmic Drugs - -
Monomorphic Polymorphic VT
Scar-related VT
| | 1 [ |
« Amiodarone / Procainamide Acute Ischemia 1 wave syndromes Long QT syndrome CVPT
+ Beta-blockers l [Brugada Sv;'ldmml, 1 l
ipreferably non-selective) ‘ ERS -
g 4 - * Amiodarone * IV magnesium * Beta-blockers
* Mild sedati | sthi
ild sedation / general anesthesia * Beta-blockers l * lIsoproterencl/ * Flecainide
l {non-selective) = |soproterenol £ temparary pacing
Recurrent VT ¢+ Lidacaine Quinidine
l Long-term:
+ Escalation of anti-arrhythmic drugs Recurrent VI + Beta-blockers
+ (Catheter Ablation l
+ LSGB = — : ¥
Quinidine £ Reawrent VT

catheter ablation

Curr Cardiol Rep 2019, 21:96.




Acute termination vs. recurrence

prevention
Anti-arrhythmic drugs ? +
HF drugs +
Sedation +
CRT upgrade +

ECMO/LVAD + ?



Propranolol Versus Metoprolol

for Treatment of Electrical

Storm in Patients With Implantable
Cardioverter-Defibrillator

* Propanolol blocks B2 receptors too,
which are not down regulated in failing
heart

TAELE 2 The Effect of Treatment on Number of Events and ICD Discharges, Detected in
Each Time Period After ICU Admission, in 2 Groups of Interest (Group A [Propranolol]
Versus Group B [Metoprolol])

Events ICD Discharges
Group A Group B Group A Group B
(n = 30) (n = 30) (n = 30) (n = 30)

Propranolol Metoprolol p Value* Propranolol Metoprolol p Value®

Time period after the initiation of treatment

0-6h 62 59 0.632 40 41 0.585
7-12h 21 50 0.001 13 34 0.004
13-18 h 9 36 0.001 6 23 0.003
19-24 h 9 33 0.002 5 19 0.01
25-30 h 9 3 0.002 5 16 0.01
31-36 h 7 25 0.002 5 12 0.036
37-42 h 4 18 0.01 2 7 0.107
4348 h 0 9 T 0 4 t
Total 121 261 76 156

Overall IRR (95% CI)¥  0.375 (0.186-0.764) 0.001 0.428 (0.227-0.892) 0.004

J Am Coll Cardiol 2018;71:1897-906.

= Group A Propranolol = Group B Metoprolol
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Propanolol is associated with decreased
noephineprine spillover

Propanolol is lipid soluble, therefore able to act
on CNS



JACC Clin Electrophysiol 2017;7:767-778.

Long-Term Outcomes of Catheter
Ablation of Electrical Storm in
Nonischemic Dilated Cardiomyopathy
Compared With Ischemic Cardiomyopathy
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Amiodarone Discontinuation or Dose
Reduction Following Catheter Ablation for
Ventricular Tachycardia in

Structural Heart Disease
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JACC Clin Electrophysiol 2017;5:503-511.
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Randomized comparison of intravenous
procainamide vs. intravenous amiodarone for the

acute treatment of tolerated wide QRS
tachycardia: the PROCAMIO study

Isoprenaline and quinidine to calm Brugada VF storm
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BMJ Case Rep 2012. Eur Heart J 2017; 38:1329-1335.



Role of electrical storm as a mortality and
morbidity risk factor and its clinical predictors: a
meta-analysis

Federico Guerra*, Matilda Shkoza, Lorena Scappini, Marco Flori,
and Alessandro Capucci

« Secondary prevention

 mVT as triggering arrhythmia

Electrical Storm  No Electrical Storm Odds Ratio Odds Ratio Electrical Storm  No Electrical Storm Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight Random, 95% CI Random, 95% CI Study or Subgroup Events Total Events Total Weight Random, 95% CI Random, 95% CI
Verma et al. 2004 158 208 430 1796 25.0% 10.04 [7.17,14.08) w Credner et al. 1998 8 14 64 122 16.1% 1.09 [0.67,1.77] =k
Stuber etal. 2005 49 51 126 163 18.6% 7.19[1.67,31.00] ———— Bansch et al. 2000 2 30 49 106 22.0% 1.51 [1.11,2.07] -
Gatzoulis et al. 2005 32 32 119 137 10.6% 10.06[0.59,171.48] . Greene et al. 2000 26 40 42 182 20.6% 2.821[1.99, 3.99] el
Arya et al. 2006 13 22 100 140 22.2% 0.58[0.23, 1.46) — Stuber et al. 2005 34 51 64 163 235% 1.70[1.29,2.23] -
Nordbeck etal. 2010 25 40 273 689 23.7% 2.54[1.32,4.90] - Brigadieau et al. 2006 40 123 27 184 17.8% 2.22[1.44,3.41] =
Total (95% CI) 353 2925 100.0% 3.62[1.08, 12.14] -G Total (95% CI) 258 757 100.0% 1.79[1.35, 2.39]
Total events 277 1048 Total events 129 246
Heterogeneity: Tau?= 1.50; Chi*= 40.34, df= 4 (P < 0.00001); F= 90% .0 001 0:1 . 1:0 1000: Heterogeneity: Tau?= 0.07; Chi*= 12.83, df=4 (P = 0.01); F=69% =t1.01 0?1 1=D mu:

 Ejection fraction

Study or Subgroup

Mean

Electrical Storm No Electrical Storm
SD Total Mean SD

Total Weight

Mean Difference
Random, 95% CI

Riskreduced Riskincreased

Mean Difference
Random, 95% CI

Fries etal. 1997
Credner etal. 1998
Bansch et al. 2000
Greene etal. 2000
Exner et al. 2001
Gatzoulis et al. 2005
Stuber et al. 2005
Arya etal. 2006

Hohnloser et al. 2006
Sesselberg et al. 2007

Nordbeck et al. 2010

Total (95% CI)

35 12 34 39 15 23
37 1" 14 35 1" 122
32 13 30 36 13 106
34 13 40 38 17 182
29 10 90 33 14 367
AN 14 32 35 14 137
39 15 51 41 16 163
2 9 22 24 9 140
37 13 148 35 14 485
22 5 27 23 4 692
25 1 40 37 14 689

528 3106

Heterogeneity: Tau?= 12.32; Chi*= 47.43, df= 10 (P < 0.00001); F= 79%

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

6.0%
71%
8.0%
8.6%
11.2%
7.9%
8.6%
9.5%
11.3%
11.8%
10.0%

100.0%

-4.00 [-11.34, 3.34)
2.00 [-4.08, 8.08]
-4.00 [-9.27,1.27)
-4.00 [-8.73,0.73]
-4.00 [-6.51,-1.49)
-4.00 [-9.39,1.39]
-2.00 [-6.79, 2.79)
-3.00 [-7.05,1.05]
2.00 [-0.44, 4.44)
-1.00 [-2.91, 0.91)
-12.00 -15.57,-8.43)

-3.08 [-5.53, -0.62]

-20 -10 0 10 20
Less Ejection Fraction More Ejection Fraction

 Class | AAD therapy

Risk reduced Riskincreased

Electrical Storm  No Electrical Storm 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight Random, 95% CI Random, 95% CI
Bansch et al. 2000 8 30 4 106 331% 9.27 [2.56, 33.54) —a—
Stuber et al. 2005 8 51 1 163 21.9% 30.14[3.67, 247.57) B
Sesselberg etal. 2007 1 27 18 692 226% 1.44[0.19,11.20) . —
Nordbeck et al. 2010 1 40 12 689 224% 1.45[0.18,11.41) S o —
Total (95% CI) 148 1650 100.0% 5.20 [1.35, 20.01] i
Total events 18 35
Heterogeneity: Tau® = 1.00; Chi*= 6.44, df= 3 (P = 0.09); F= 53% :lJ 002 041 1=IJ 5001

Risk reduced Riskincreased
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Sedation in cardiac arrhythmias management

- Sedation strategy Level of sedation

Induction: midazolam 2.5-10 mg + fentanyl 10-40 ug

Koovor et al. 1324

Induction: propofol 200 pg/kg/min

Lai et al. 150
Maintenance: propofol 100 pg/kg/min

Wutzler et al. 31

Induction midazolam 0.03 mg/kg

Wutzler et al. 120
Maintenance: none

Induction: propofol 0.8-1.2 mg/kg

Servatius et al. 205
Maintenance: propofol 3.5-4 mg/kg/h

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

Maintenance: midazolam 3-10 mg/h + fentanyl 15-50 pg/h

Induction and maintenance: midazolam 1 mg + morphine 1 mg +
Kezerashvili et al. [BEYA)
fentanyl 25-50 pg, repeatable

Induction: propofol 0.5-1 mg/kg + midazolam 0.03 mg/kg

Maintenance: propofol 0.5 mg/kg every 3 min

Moderate or deep

Moderate or deep

Variable

Deep

Minimal (#1)

Deep (#2)

Deep

Propofol, while the first choice in
many EP procedures, can be
difficult to handle in ES due to the
risk of airway obstruction, potential
proarrhythmic effects, and the
absence of a reversal agent

Midazolam is seen as a better
alternative, due to the reduced
vagotonic effect and the prompt
reversal available with flumazenil



Effectiveness of Deep Sedation for
Patients With Intractable Electrical Storm
Refractory to Antiarrhythmic Drugs .

116 patients with ischemic e
cardiomyopathy e G
LVEF 0.25 =
4-14 shocks in the previous 60 min

’ AmiOdarOne 82% ACUTE TERMINATION

» Lidocaine 44%
. Beta-blockers 41% L.

Acute termination: 44%

nnnnnnnn

Circulation 2020; 142: 1599-1601.

ANTI-ARRHYTHMIC DRUGS DEEP SEDATION

Q

NO ACUTE TERMINATION

CONSIDER
INVASIVE HEMODYNAMIC SUPPORT,
NEURAXIAL MODULATION OR
URGENT CATHETER ABLATION



Electrical Storm Induced by Cardiac Resynchronization
Therapy Is Determined by Pacing on Epicardial Scar and
Can be Successfully Managed by Catheter Ablation

D LATE POTENTIAL

« Epicardial pacing at the scar border

« Re-entry mechanism

« ES starts in the 72 hours after CRT
implant

« Can be solved by either repositioning or
turning CRT off
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Roque et al. Circ Arrhythm Electrophysiol. 2014;7:1064-1069.



Cardiac resynchronization therapy and
electrical storm: results of the OBSERVational

registry on long-term outcome of ICD patients
(OBSERVO-ICD)

. . 1.0
« 1319 consecutive patients underwent ICD KN:LI_BJIA%
(n=810) or CRT-D (n=509) implantation. ST HEZS
« Propensity score matching was used to 8
compare two equally sized cohorts of ICD and
CRT-D pt with similar characteristics. “é 0.6+
« Clinical response to CRT : improvement of at least one <
NYHA functional class at 6-month FU % |
» Echocardiographic response to CRT: increase in E 0-47
LVESV=>10% at 6-month
» Non-responders: all patients who did not met both the |
definitions for positive and negative response
_m CRT-D
0- - ICD
0 12 24 36 48 60 72

FU (months)
Europace. 2018;20:979-985.



Cardiac resynchronization therapy and
electrical storm: results of the OBSERVational

registry on long-term outcome of ICD patients

Clinical (OBSERVO-ICD)

Echo response
response

1.0 99.0% 1.07 99.1%
90.9% 90 7%
87.7% 87.7%
86.9%
0.8 0.8
75.0%
Log-rank p=0.023
i i Log-rank p=0.017
g 067 g 067
2 2
Y Y
@ H
= 9-fold lower rates of ES when compared = 10-fold lower rates of ES when
£ °# to echo non-responders £ %% compared to clinical non-responders
(1.0% vs. 9.1% log-rank p=0.023) (0.9% vs. 9.3%, Log-rank p=0.017)
13-fold lower rates of ES when 27-fold lower rates of ES when
024 compared to negative responders 02- compared to negative responders
(1.0% vs. 13.1%; log-rank p=0.023) (0.9% vs. 25.0%; Log-rank p=0.017)
ICD =IICD
=V Megative responders =IThegative responders
=L VNon-responders = VMNon-responders
0.0 =~ TResponders 0.0 = Responders
| I 1 1 | I I I I 1 1 I I I
0 12 24 36 48 60 72 0 12 24 36 48 60 72
FU (months) FU (months)

Europace. 2018;20:979-985.



Extracorporeal Membrane Oxygenation in Patients
With Electrical Storm: A Single-center Experience

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

Man &3 C1HD SMVT 30 1.0 23115 15 Yes (RA) NS 1 Y
Man 55 NIDCM SMVT 35 5.0 21117 20 Yes (T5) Yes 11 Yes
Man 47 AMI e LI 3.0 2345 4} Yes (159) Yes 5 Yes
Man 75 ClHD SMNT 20 3.0 2315 20 Yes (RA) Yes 3 Yes
Man 54 AMI VF 11 4.5 2315 af} Yes (15) M 15 i

Man &4 AMI SMNT 15 4.2 23117 30 No - 11 No

Man &7 AMI VF 5 4 23115 30 Nuo g Y

Rev Esp Cardiol. 2018; in press.




Take-home messages

» ES is a life-threatening event, and the overall management
still differs from centre to centre.

» Regardless on underlying mechanisms, ES should be managed
promptly, as short and long-term treatment are widely
different.

* Emerging pharmacological and non pharmacological
treatments could benefit patients with ES but all therapeutic
options should be tailored to the specific characteristics of

each single patient.
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