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come orientarsi nella tempesta tra vecchie e nuove armi

V.o - .:«'_7.
— T 3 nvn W
pLo B I’(‘%&, ad(,’ "
h o nod By
A iy [} g - g o~
mmurvnr'wmunasu 1l

Alessandro Blandmo MD PhD "‘ ¥
Electrophysiology section e R R
Cardiology Division

Mauriziano Umberto | Hospital, Turin
.~ https://alessandroblandino.it




P oM | B

BIELLACUORE!

12-13 SETTEMBRE 2025 |

Electrical storm (ES) is defined as three or more discrete
episodes of ventricular arrhythmia within 24 hours, or
incessant ventricular arrhythmia for more than 12 hours.

Incidence Presenting arrhythmia Outcomes

N Primary prev ICD AAMAM SMVT 86-97% Mortality
o 4—-7% m‘ 35 X
’.‘K&»f Secondary prev ICD A’WWWW VF 1-21% - '
10-30% il 3—14% | ®» 1 Re-hospitalization
ICM = NICM ,,WWVL ik 7 asx W
" 5.8-6.9%/50.9 mo PVT 2-8%

Management of patients with ES. Consensus statement of the HERA. Europace. 2024; 26:1-36.
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ES: mortality multiplicator

X3 A meta-analysis of
-t _ electrical storm studies
05 I Post Electrcal Storm showed a 2.5-fold
§ o | - increase in mortality in
% B - Post solated VTVF patients with electrical
E ol JJ_ I ‘ storm compared with
& J| ;_‘,___----'“ patients with unclustered
0197~ Pty NINF ventricular arrhythmia.
0.0

0 1 2 3 Sesselberg HW, et al. Heart Rhythm. 2007;4:1395-1402
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Jentzer JC, et al. JACC 2023;81:2189-2206.



Structurally
normal hearts

Structural heart disease

Inherited arrhythmia syndromes

ICM/NICM Acv’ ‘QQ;I Idiopathic "n'Tx é{;’ (S/ERS/ sQTs Lars
SCVF
*  Repolarization * Focal Y4 on * Focal excitatic \") * Abbreviated * Delaved
reserve ab’ '\") 1es abnormaliti- %, (e repolarization r g'latlon
* MRefractoriness snduction « Localize Ib* abnormality ;“\Q
heterogeneity \ (") )
Q@ ssue anisotropy "fs""\“Q * Repolarization &Q
* Heterogeneously QO Cor N abnormality
altered excitability N T Refractoriness P 0& poer \\O
/conduction \’b heterogeneity é Q
- EAD/DAD é& ed - EAD/DAD-mediated é AD-mediated = Phase 2 reentry in - Ree be - EAD-mediated
ectopy \ il ectopy in PF/VM % ectopy in OT, PM or PF/VM (ERS/SCVF) (?_. triggers in
- Scar—re% reentry - Scar-related re OQ other sites and indBVO-EBrS] PF/VM
epicardium .
- Functional reentry - Functional reee = Macro-reentry Transmural
involving PF reentry

CPVT

* Focal
excitation
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- DAD-
mediated
ectopy in PF

Elsokkari I, et al. CJC. 2022;38:439-453
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Triggering events for electrlcal storm

» Unknown (= 66%)

»Decompensated heart failure
> Acute ischemia (= 33%)

»Metabolic disturbances (T4, Ca, Mg, K)

» Drug pro-arrhythmia

» Drug overdose

» Fever and sepsis (DCM, Brugada)

» Post cardiac surgery

» ICD induced (CRT pacing, inappropriate therapies)



) L. Investigation for reversible causes (e.g. electrolyte
DC cardioversion is recommended as the 8 (g by
imbalances, ischaemia, hypoxaemia, fever)c is

first-line treatment for patients with
A 292298

haemodynamically not-tolerated SMVT 393337

recommended in patients with V.

ICD interrogation | Place external defibrillator pads

Hemodynamic Identify triggers
assessment Laboratory analysis
Cardiac assessment Ischemic evaluation
In patients with newly documented VA (frequent .
G, NSV, SMVT)  baseine 12.ead ECG, Echocardiography Coronary angiogram
recording of the VA on 12-lead ECG, whenever C

recommended as first-line evaluation.
In electrically unstable patients after SCA, with

possible, and an echocardiogram are P Optlm iZe ICD SEttlngs

suspicion of ongoing myocardial ischaemia, a

Optimization of ICD programming is indicated to

coronary angiogram is indicated.

2022 ESC Guidelines on VT and SCD
Jentzer JC, et al. JACC. 2023;81:2189-2206

avoid inappropriate and unnecessary therapies
373-375

and to reduce mortality.
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Ischemic or Coronary Evaluations in
Patients With Monomorphic VT Electrical
Storm Undergoing VT Ablation

97 patients with VT storm in the absence of Kaplan-Meler survival estimates
ACS underwent VT ablations. " WE:_
Mean LVEF 30%, mean NYHA class II. o | '-I_I
45% underwent coronary evaluations -
The yield of these evaluations was low: °
- No acute coronary occlusions were identified (4% o
had revascularization, in all VT reoccurred). -
_ There was no association between ischemic ° 3 %0 0 e 50 100
analysis time

evaluation and acute ablation outcomes
or mortality during follow-up.

MNo ischemic evaluation Ischemic eviuation

Alkhalaileh F, et al. JACC EP. 2023;9:1890-1899



BIELLAXCUQR

12-13 SETTEMBRE 2025 |

|
|

STEP | {

interrogation

l

therapies

5
! VA episodes ,
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- H —
to AF/SVT/lead oversensing

—

Catheter ablation is recommended for ICD

inappropriate ICD therapies despite optimal ICD
programming.

ICD
programming
optimization®

(Class 1)

\ N

magnet placement
if programmer
not available

(Class 1)

( ICD Disable ICD by =
rosramming | Ta8Net placement | Treatment
P g L ga if programmer of AF/SVT?
optimization .
(Class I) not available (Class I)
(Class I

\ 8 S
( Disable ICD by

@ESC

patients with recurrent SVT resulting in C
inappropriate ICD therapies, **' 42

Pharmacological treatment or catheter ablation is

recommended in patients with AF-related c

401,405,407

2022 ESC Guidelines on VT and SCD
Jentzer JC, et al. JACC. 2023;81:2189-2206
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Mild to moderate sedation is recommended in
patients with electrical storm to alleviate

psychological distress and reduce sympathetic

tone. .
ICD |nterrogat|0n Antiarrhythmic therapy with beta-blockers
(non-selective preferred) in combination with
Hemodynamic |dentify triggers intravenous amiodarone is recommended in
assessment Labﬂrﬂtory analysis patients with SHD and electrical storm unless
contraindicated.®'”3#
Cardiac assessment Ischemic evaluation Intravenous magnesium with supplementation of
Echocardiogra phy coronary angiogram potazzisum is recommended in patients with
TdP.
Opt|m|ze ICD Settings Isoproterenol or transvenous pacing to increase
heart rate is recommended in patients with
. . : . acquired LQT syndrome and recurrent TdP C
Antlarrhythmlc Antladrenerglc despite correction of precipitating conditions and
therapy therapy magnesium.
I I Deep sedation/intubation should be considered in
SEd ation and HemOdynamlc patients with an intractable electrical storm lla Cc
an}(iOIySiS SuU pport refractory to drug treatment.’*®

Jentzer JC, et al. JACC. 2023;81:2189-2206



Antiarrhythmic Antiadrenergic
therapy therapy E
Sedation and Hemodynamic =
anxiolysis support T g e
E * Hemodynamically unstable VA
W Nofunctioning ICD
* VA not terminated by ATP
+ Incessant arrhythmias
+ Failure of AAD therapy

Lidocaine IVt IV bata-blocker Dexmedetomidine Intra-aortic balloon pump
« Bolus1-15 mo/fkg (max 100-120 mg) + Esmolol + Bolus (optional) 0.5-1 pg/kgover  » Contraindicated with aortic
» May repeat 0.5-0.75 mg/kg Q5-10 min x1-2 Msﬂjnglbghqrq:mtl:!im:!] 10 min itypically not recommended  anewrysm/dissection, severe aortic
Step2  oses (max 300mg or 3mg/kg + Infusian 50-300 ug/kg/m e to risk of hypotension) Insufficiency, or penipharal vascular disease
«» Infusion 1-2 mg/min {max 4 mg/min) » Proprancdol 1-3 mg EErlhhﬂSrlg] + Infusion 0.2-0.7 pg/kg'h . lﬂm-ﬂlﬁd‘mmi‘hﬂ
» Goal serum procainamide concentration: + Metoprolol 2.5-5 mg 05 min (max 15 mg) (maximum 1.0-1.5 pg/kg/h)
»15-5 pg/mL

Increasing Hemodynamic Support

Hemodynamic Risk

Ctan 2 racrna tharaniac

« Stellate ganglion block
* [V procainamiae
» General anesthesia

= Urgent ablation

Definitive therapy

» Catheter ablation
» Heart transplant/LVAD
» Palliative care

Jentzer JC, et al. JACC. 2023;81:2189-2206
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Efficacy of stellate ganglion block in
treatment of electrical storm: a
systematic review and meta-analysis

-
o

p=0.007 p=0.009

—_ A total of 553 ES episodes in 542 patients from 15
observational studies were included.
* VAs requiring shock decrease from 3.5 (IQR

2.25-7.25) to 0 (IQR 0-0), p = 0.007.
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Number of shocks/ICD therapies >
Number of Ventricular Arrhythmias 0

f " * Complete resolution after SGB occurred in

"_ + A 64.6%.

0 o * In-hospital/30-day mortality remained high
Before SGB After SGB B Before SGB After SGB 22% .

Motazedian P, et al. Nature Sci Rep. 2024;14:24719
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ICD interrogation

Hemodynamic Identify triggers
assessment Laboratory analysis

Cardiac assessment Ischemic evaluation
Echocardiography Coronary angiogram

Optimize ICD settings

Antiarrhythmic Antiadrenergic
therapy therapy

Sedation and Hemodynamic
anxiolysis

Catheter ablation if indicated

Catheter ablation is recommended in patients
presenting with incessant VT or electrical storm
due to SMVT refractory to AADs.>*%?3

Catheter ablation should be considered in patients
with recurrent episodes of PVT/VF triggered by a lla C
similar PVC, non-responsive to medical treatment

or coronary revascularization.22 1332333

In patients with CAD and recurrent, symptomatic
SMVT, or ICD shocks for SMVT despite chronic
amiodarone therapy, catheter ablation is

recommended in preference to escalating AAD

therapy.*’"

Jentzer JC, et al. J Am Coll Cardiol. 2023;81(22):2189-2206.



“‘ 3 ‘;! o : ) — Ly‘\ _‘ .‘.;: V ; ﬁ‘-‘ N
3 _ W R :’ ~ \ N e
X ; BUAAER. N C AR .
: A f i g i
| o ‘

12-13 SETTEMBRE 2025 {

Catheter ablation of ES according to VA type
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Monomorphic VT

2022 ESC Guidelines on VT and SCD

| MonomorphicVA |
v
b{

ICD programming optimization®
(Class 1)

——,

Beta-blocker/sedation
(Class 1)

Amiodarone i.v.
(Class 1)

m

! amlo!arone not !ESII"B!L ’ e |

! and cardiac function !
7 |

Catheter ablation
(Class 1)

Deep sedation/intubation
(Class lla)

Autonomic modulation
(Class llb)

Mechanical circulatory support
(Class llb)

Overdrive pacing®

@ESC—
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VT ablation in monomorphlc VT storm

Class A: CA success Class B: CA partial success

Class C: CA failure

Death from any cause Card

iac Death

100 = 1001 s In patients with SHD and
g | Gmes | 3 o) - drug-refractory VT storm,
e L e catheter ablation is
: § — L - _ | effective in reducing the risk
Y Meme % P © * of VT relapse, ICD shocks, ES

100 e E"‘”""“"""‘; 1.00 ri‘i‘;‘j‘:’ji"“"’" S recurrences, and could also
Sl ] & | S reduce cardiac mortality
g; il § =0 - and HF hospitalization.
e B Ty

Nionitne Monine

Carbucicchio C, et al. Circulation. 2008;117:462



2 Al g

- . ’
2 L] [ B
Lo ]

12-13 SETTEMBRE 2025 [

Impact of Catheter Ablation of Electrical Storm on Survival:
A Propensity Score-Matched Analysis

780 patients admitted for ES in the context of SHD in 4 tertiary centers

492 patients treated using medical therapy / 288 patients underwent catheter ablation

> Catheter ablation was associated with a

59% reduction of death at 1 year.

» ES recurrence was as an independent

Y
_ /RN predictor of death (HR 2.39, 95% CI
Q 1051-3079, p<00001)o
ES Recurrence

1-Year Survival After

Discharge Influence of LVEF and Cardiomyopathy Type
1.00 -

I

304 2 i
3 25- = Overall Effect  0.41(0.29-0.59) _ '
e | 075 :
& 20 - .'g“ : Left Ventricular Ejection Fraction ]
= et = . .
£ 15- & 0.50- ,';°fc;%"(')‘1t95t >35%  0.59 (0.23-1.02) - !
2 " ’ i
S 10- £ o5 <35% 0.39 (0.27-0.59) _— i
= i > -
e 3 5 Type of Cardiomyopathy '
0 - v 0.00 T T T T . :
In-Hospital ES Recurrence 0 3 6 9 12 NICM  0.51(0.23-0.83) 1
Mortality at1Year Follow-Up (Months) ICM 0.40(0.26-0.62) i
I Catheter Ablation —— Catheter Ablation 0 Oi2 0._4 0:6 Oj8 1
B Medical Therapy — Medical Therapy

Hazard Ratio
Benali K, et al. JACC Clin Electrophysiol. 2024;10:2117-2128
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cute erna olymorp cquire Primary
ischaemia precipitating = VA triggered long QT electrical
factors by unifocal disease

PVvC

Polymorphic VT

Catheter Remove Isoproterenol = Isoproterenol [ Beta-blocker

ablation precipitating (Class Ila) (Class lla) (Class 1)

Class lla f
(Figure 14) condition ( ) (éf::srf) Quinidine Quinidine Pacing
(Class I) (Class lla) (Class lla) (Class [)

Quinidine®
(Class lIb)  /

Mg(c(;s I')'v' Cathcf_-ter Verapamil Mg** /K * i.v.
ablation Class lla (Class 1)
Class Ila
ISO(pCr::tsir;nd ( : Catheter AAD
ablation of according
Pacing PVC triggers | to underlying
(Class I) (Class lla) disease
(Class lla)
Autonomic
modulation
(Class Ila)

v
) ] “ J J
Lol

Deep sedation/ intubation
(Class lla)

Mechanical circulatory support
2022 ESC Guidelines on VT and SCD \ { (Class [1b) )

@ESC
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VT

ymorphi

VT storm

Recurrent PVT/VF with
similar PVC

r’_l'.
vi
LV dist Mﬁ ‘& #‘
=1
LV prox .

Idiopathic VF is characterized by
dominant triggers from the distal
Purkinje system. These sources can be
eliminated by focal ablation.

Haissaguerre M et al. Circulation. 2002;106:962

BRUGADA syndrome

Before Ablation After Ablation

BiPolar

o T
I} = ALML-

U e N S
e

i ey

ve s Mo
v = —
V4 N —
"] "\

]

AAAAA

Ablation over the epicardial RVOT
results in normalization of the
Brugada ECG pattern and prevents
VF recurrency (spontaneously or
during EPS).

Nademanee K et al. Circulation. 2011;123:1270

Complete LAVA elimination

B NUMBER OF VF EVENTS 6-MONTHS BEFORE AND AFTER VT ABLATION TARGETING LAVA

uuuuuuuuuuuuuuu

Substrate-guided VT ablation is associated

with a highly significant reduction in VF
recurrences (P<0.0001), suggesting

overlapping arrhythmogenic substrates
between VT and VF in SHD patients.

Kitamura T et al. CAE. 2019;12:e006857
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Early catheter ablation vs. mltlal medlcal therapy for ES

Early: CA was performed during the

% Log rank 27=9.2, P=0.002
E index hospitalization with ES storm.
-g 0.6 Early CA (n=58) .
£ | Median follow-up: 2 years
T os Initial Medical 100
< Therapy (n=71)
2 90
£ 80
£ 00
0 180 360 540 720 900 1080 70
50
1.0 Log rank 2°=15.75, P<0.001
= 40
g
; Early CA (n=58
E 0.8 arly (n=58) 30
é 0.6 l 20
E Initial Medical
g 04 Therapy (n=71) 10
e - 0
N VT storm recurrence Hospitalization latrogenic complications Composite (D, HT, storm,
0.0 Hosp)
0 180 360 540 720 200 1030 . )
Time (days) I Catheter ablation  ® Medical therapy

Huang K, et al. CAE. 2022;15:e011129
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Early VT ablation: a systematic review and meta-analysis of RCTs

VT Storm

Ablation Control

Swoy Events  Tots  Evens  Totsl OR (96% CI)  %Weight Study Eveis  Tol  Evens Tl OR(95% Cl)  %Weight

Early CA is associated with:

- reduced VT recurrences
- reduced ICD shock

- reduced ES
- reduced CV hospitalization
No impact of mortality.

- Z
i v —
Jo— “ m o= . ' 0.06 (0.60, 1.57) 20.44 — (0.44,123)
e —— ( ) 1629 = — & 021,086
———— G . = - e 0.34 (0.12, 0.96) 10.10 o —_— ( 64
: :
Overal 07 48.5%, 5 = 0.076) 0 0.53 (0.35, 0.79) 100.00 oves = <> 0.67 (0.51, 0.88) 100.00
H :

Prasitlumkum N, et al. Heart Rhythm. 2022;18:2054.
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VT ablatlon VS. Escalatlon of A Ds The VANISH Trlal

*  Multicentre, randomized, controlled trial.
* Enrolment: January 2012 — January 2015

e 259 patients, IHD, ICD, at least an episode of VT during AAD therapy, randomly assigned in

a 1:1 ratio to:

Escalated-therapy (increased
amiodarone and mexiletine): 127 pts

NODC 0093-8740-01
MEXILETINE

HYDROCHLORIDE
Capsules USP
200 mg

TAKE WITH FOOD OR ANTACS-

B onty

Mean f-up: 28
months

Primary efficacy
endpoint:
composite death,
ES, or appropriate
|ICD shock.

Sapp JL, et al. NEJM. 2016;375:111-21.
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VT ablation vs. Escalatlon of AADS‘ The VANISH Trial

1.0
Tg 0.9 | In patients with VT despite

0.8 o .
a ., . AADs, catheter ablation is
3 /7] ation -
T 06 more effective than AAD
e gj escalation in reducing the
(@] - . .
£ o3 Escalated tharany composite endpoint of
3 027 |Hazard ratio, 0.72 (95% Cl, 0.53-0.98) death, ES, or appropriate
Sy | =l ICD shock

0.0 , , , | SNOCK.

0 1 2 3 4

Years of Follow-up

Sapp JL, et al. NEJM. 2016;375:111-21.



Conclusions

« Because CA is not always available, AADs and adrenergic blockade are needed to

stabilize the patients during the early phase of ES.

+ In ES and, especially, in incessant drug-refractory VT, CA is a life-saving procedure.

+ Considering that ICD does not prevent VTs and the limited efficacy and tolerability of

AADs, the long-term control of ES and VTs is primary driven by CA.

« Early CA is more effective than AAD in reducing VA burden, ICD therapies, CV

hospitalization, ES recurrence, and mortality.
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