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PLACES

en Minutes Answers in Cardiologia d’Urgenza:
Lo Storm Aritmico (SA) in PS

1. Quale ¢é |la definizione di SA?

2. Quale ¢ |la epidemiologia dello SA?

3. Quali sono le cause scatenanti lo SA?

4. Quale ¢ la presentazione clinica dello SA?

5. Quale e la differenza tra shock appropriato e inappropriato?
6. Come va programmato il device?

7. Terapia antiaritmica: quando e come?

8. Sedazione e Supporto: quando e come?

9. Modulazione neuroassiale quando e come?

10. Ablazione?
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PLACE Definizione

1. 3 o piu episodi di tachicardia ventricolare sostenuta (TVS) o fibrillazione
ventricolare (FV) in 24 ore

2. Tachiaritmia ventricolare «incessante» di durata > 12 ore

3. Nei portatori di device: tre interventi appropriati del dispositivo in 24h
(con ATP o shock) separati da almeno 5 min di tempo I'uno dall’altro
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PLACE Incidenza

USA: 4-7% portatori di ICD in prevenzione primaria
 10-30% in prevenzione secondaria

 Non nota l'incidenza italiana: in toscana 610 pazienti con FV/TV nel
2019 (172 portatori di ICD)

e Alto tasso di recidiva: 81% nel primo anno

Zucchelli G, Bongiorni MG, Segreti L, et al. Clinical pathway for electrical storm treatment in a healthcare network modeling.
A proposal from ANMCO Tuscany. G Ital Cardiol 2002; 21:768-778
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PLACE Prognosi

* Mortalita: 15% in fase acuta
* Incremento 18 volte rischio di morte nei 3 mesi successivi
Fattori condizionanti I’alto rischio di mortalita in soggetto con «storm» aritmico

PAINESD risk score
Variable Score
5

Pulmonary disease (chronic obstructive)
Age > 60 yr

Ischemic cardiomyopathy

NYHA class I ot IV

Ejection fraction < 25%

Storm (VT)

Diabetes mellitus

Intermediate
risk

Santangeli P, et al. Circ Arrhythm Electrophysiol 2015; 8: 68-75. Muser D, et al. World J Cardiol 2017; 9: 521-30
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AT Cause Scatenants

Tab. | - Principali cause di storm.

Cause cliniche di Storm

Sconosciute 66%

CHF
Ischemia acuta 33%
Disturbi metabolici

latrogena

Sovradosaggio di Farmaci

Febbre (DCM, Brugada, CH) 1%
Post CCH

ICD BlV/terapie inappropriate

Mentre uno sforzo dovrebbe essere fatto per identificare e trattare le cause

reversibili, non viene identificato un fattore scatenante fino al 66% dei casi
Hohnloser SH, et al. Eur Heart J 2006; 27: 3027-32

| D. Grieco... L. Calo. Treatment of the arrhhythmic storm. Eur Heart J Suppl 2019; 21:B23-24
' SSSSSSSSS““™““EEEE———
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S presentazione Clinica

* Shock ripetuti da parte del defibrillatore impiantato
* Sincope

* Palpitazioni

* Arresto cardiaco

* Scompenso (TV incessante)

La TV monomorfa & |'aritmia di pitt comune riscontro negli SA
E’ generalmente presente cardiopatia strutturale (ischemica e non)
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PLAC;Efnquadramento del paziente

Tabella 1. Principali fattori scatenanti uno “storm” aritmico.

. . . . e Squilibrio idro-elettrolitico o acido-base
* Avviene In genere In PS oppure e

: : e |possia (esacerbazione di scompenso cardiaco, embolia
eseguito dal medico del 118 polmonare, infezione polmonare)

. e iy . . e |pertiroidismo
* |l primo obiettivo del medico & 2

valutare I'esistenza di fattori * Infezione/febbre
scatenanti lo SA e Ischemia acuta cardiaca
e Scarsa compliance/abuso di farmaci cardioattivi
* ECGa12derivazioni e Effetto pro-aritmico di farmaci

e Durante aritmia (SOO) o . . -
. Senza aritmia (ischemia, LQT, Brugada... e Recente inizio di stimolazione ventricolare sinistra (+/- destra)

Modificata da Muser et al.?’.

Zucchelli G, Bongiorni MG, Segreti L, et al. Clinical pathway for electrical storm treatment in a healthcare network modeling.
A proposal from ANMCO Tuscany. G Ital Cardiol 2002; 21:768-778
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LS Terapie Disponibili

 Programmazione del device
- ' R

Identify and treat underlying cause

Maintain patent airway; assist breathing as necessary
Oxygen (if hypoxemic)
Cardiac monitor to identify rhythm; monitor blood

e Terapia antiaritmica

* Sedazione e Supporto pressure and oximetry
* [Vaccess
. . * 12-lead ECG, if available
* Modulazione neuroassiale ‘- : 4

© 2020 American Heart Association
 Ablazione
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( : _ ™\
; Patient with electrical storm or repeated ICD discharges ;\
J

STEP I {

e ~F 2 g
(assessment/ICD ] ( D Disable ICD by A

' magnet placement Treatment
if programmer of AF/SVT?
not available (Class 1)

(Class 1) )

l -
. interrogation Inappropriate therapy due programming

~ Qo AF/SVT/lead oversensing optimization®
(Class )

"

or unnecessary

therapies

Disable ICD by

magnet placement

if programmer
not available

(Class I)

ICD

Recurrent non-sustained programming
VA episodes Y, optimization®

(Class 1)

k‘
‘- Electrical i

j;‘

| storm

1

Zeppenfeld K, et al. 2022 ESC Guidelines for the management of patients with VA and the prevention of sudden cardiac death. Eur Heart J 2022
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ACES™ shock Inappropriati

* Gli shock inappropriati da ICD rappresentano il 30% di tutte le terapie ICD
e sono dovuti ad aritmie sopraventricolari (es. fibrillazione atriale) oppure
ad oversensing.

* Cause di oversensing includono:

* [|'oversensing di segnali elettrici cardiaci (es oversensing dell'onda T
oppure il doppio rilevamento di complessi QRS molto ampi)

» oversensing di segnali elettrici non cardiaci (come un elettrocatetere
fratturato, miopotenziali scheletrici, o interferenza elettromagnetica).

Iftikhar S, Mattu A, Brady W. ED evaluation and management of implantable cardiac defibrillator electrical shocks.
Am J Emerg Med. 2016;34(6):1140-7.
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Programmazione del device

 Shock appropriato? \ |

erlin.

Patient Care System

* Evitare ulteriori shock!

* Magnete

* Riprogrammazione

Incremento lower rate (soppressione BEV, stab. QT)

Modifica terapie antitachicardiche (allungare cicli riconoscimento e privilegiare ATP efficaci)
Considerare sospensione pacing LV
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STEP 2 l

tachyarrhythmia causing:
¢ Hypotension?

¢ Acutely altered mental status?
* Signs of shock?

¢ Ischemic chest discomfort?
e Acute heart failure?

Persistent

haemodynamic
status

(Class )

STEP 3 l

|( Assessment of VA type )II:

type

(

" Pol hicVA
L oymo:‘p icVA

|

. Monomorphic VA
A\ I 4

B -l
Zeppenfeld K, et al. 2022 ESC Guidelines for the management of patients with VA and the prevention of sudden cardia@ﬁns&r Heart J 2022
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ALEE T sedazione e Supporto

* Ridurre lo stress provocato  Midazolam + Remifentanil (anestesista?)
dall’evento e dagli interventi
medici e/o del dispositivo

Dexmedetomidina (Dexdor): alfa-agonista

centrale (ipotensione e bradicardia)

* Prevenire ulteriori episodi
aritmici riducendo il grado di
attivazione simpatica

* Propofol: attenzione ad effetto inotropo
negativo (aritmie vasoattive per ipotensione)

Burjorjee JE, et al. Can J Anaesth 2002; 49: 973-7
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Zeppenfeld K, et al. 2022 ESC
Guidelines for the management of
patients with VA and the prevention

sudden cardiac death. Eur Heart J 202

~

-

P e —
Isoproterenol J{ Beta—blocker\‘

|

|
|
|
|

l

(Class )

Pacing? !
(Class ) 1
Mg /K*iv. |
(Classl) |
AAD
according
to underlying

disease
(Class Ila)

Autonomic
modulation
(Class Ila)

J

(Class IIb)

Mechanical circulatory support

Polymorphic VA
v
( Underlying aetiology )
Acute External Polymorphic Acquired Primary
ischaemia precipitating = VA triggered long QT electrical
factors by unifocal disease
PVC
v v ‘
Brugada, ERS  Idiopathic VF §§ Long QT, CPVT
_l l | !
Go to [m] Catheter Remove Isoproterenol
flowchare Y accordingto | ablation N precipicating | (Classlla) | (Class Ila)
STEMI underlying | (Class lla) i — o
(Figure 14) condition o (Class)) Quinidine Quinidine
) (Class 1) Quinidine | (Class Ila) (Class Ila)
(Classllb) & I
—— Mg(G/aIS(S II)N. Gathatar T—
J ablation (Class Ila)
| Isoproterenol (Class lla)
(Class I) Catheter
ablation of
Pacing PVC triggers
(Class 1) (Class Ila)
= > Recurrent VA
h 4
Deep sedation/ intubation
of (Class lla)

TV polimorfa
Ischemia

QT lungo

MgeKev
Pacing

IPN se acquisito
BB se congenito

Brugada, VF idiopatica

- IPN
- idrochinidina

S — @Esc— —————————
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ALS T sedazione e Supporto

In caso di grave SA prendere in considerazione:
* |'intubazione oro-tracheale, cosi come

 |'utilizzo di supporti meccanici, quali

— le pompe a flusso continuo (tipo Impella),

— sistemi di assistenza con ossigenazione extracorporea veno-
arteriosa o

— dispositivi di assistenza ventricolare sinistra.

Abuissa H, et al. J Cardiovasc Electrophysiol 2010; 21: 458-61
Siao FY, et al. Resuscitation 2015; 92: 70-6
Pourdjabbar A, et al. Perfusion 2015; 30: 302-4
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Monomorphic VA TV Mmono mOFfa
' v
O VAburden ) Programmazione ICD
T
High — Sedazione

&:D programming optimization“ Te ra pla a ntia ritm ica

Class | (Class I) .
(Chass - Beta Bloccanti
Beta-blocker/sedation l . d
(Class I) — - Amiodarone
. Amiodarone i.v. amiodarone not desirable - leoca INa
. (Class 1) J

AAD accordingto
underlying disease
. and cardiac function

® i

Zeppenfeld K, et al. 2022 ESC Guidelines for the management of patients with VA and the prevention of sudden cardiac death. Eur Heart J 2022
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PI_ ACE (\C Beta-Blockers

Esmolol Bolus: 300 to 500 meg/kg IV for 1 min
. . . . Infusion: 25 to 50 mcg/kg/min IV up to 250 mcg/kg/min
Terapia antiaritmica (Fster 310/ mins)
Propranolol Bolus: 0.15mg/kg Iv over 10 min
Metoprolol Bolus: 2-5mg IV every 5 min, up to 3 doses in 15 min

Class III agents
Amiodarone Bolus: 150mg IV over 10 min
Infusion: Img/min IV for 6 h, then 0.5mg/min for 18 h

Class I agents
Procainamide Bolus: 10mg/kg IV over 10 min

Infusion: max of 2-3g/24h

Lidocaine Bolus: 1.0 to 1.5mg/kg IV, repeat dose 0.5 to
0.75 mg/kg IV max dose 3 mg/kg

Beta-agonist
Isoproterenol Bolus: 1 to 2 meg IV

Infusion: 0.15mcg/minute IV and titrate to 0.3mcg/min as needed

Fig. 1. Antiarrhythmic medications for treatment of electrical storm.

Dyer S, et al. American Journal of Emergency Medicine 2020; 38: 1481-7
' SSSSSSSSS““™““EEEE———
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Treatment of Electrical Storm in Patients With Implantable Cardioverter-
Defibrillator

A
w
t
2
®
(-9
[
4
o
t
g
w
L3
o
]
z
6h 12h 18h  24h  30h 36h 42h  48h
Hours
= Group A Propranolol = Group B Metoprolol
B
100 ~ Log-rank test p = 0.001

Presence of Arrhythmic Events

0 6 12 18 24 30 36 42 48
Hours Since ICU Admission
Number at risk
GROUPA 30 n 7 6 3 2 2 1 0
GROUPB 30 23 19 16 14 13 10 7 3

—— Group A Propranolol — Group B Metoprolol

Chatzidou, S. et al. J Am Coll Cardiol. 2018;71(17):1897-906.

CENTRAL ILLUSTRATION: Propranolol Versus Metoprolol for the Acute
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* Classe lll (potassio, sodio, betabloccante)

* |n acuto prevale effetto betabloccante

» Efficacia nei pazienti naive: 70%

* Nel 30% dei casi stabilizza I'aritmia (TV lenta, incessante)
* Rare le reazioni avverse acute

* Incremento soglia di defibrillazione

Dorian P, et al. NEJM 2002; 346: 884-90
Connolly SJ, et al. JAMA 2006; 295: 167-71
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PLACE Lidocaina

Classe IB (sodio)

Prevalente efficacia se eziologia ischemica (8-30%)

Riduzione burden EV (trigger)

Prevalente effetto su aumentato automatismo/triggered

Dorian P, et al. NEJM 2002; 346: 884-90
MacMahon S, et al. JAMA 1988: 1910-6
Nasir JR, et al. Am J Cardiol 1994: 1183-6
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1 T
Recurrent electrical storm ) Recurrent
l - electrical storm

( Catheter ablation W Cathe :
(Class 1) \ (Class 1)

Deep sedation/intubation
(Class lla)

e

Autonomic modulation
(Class lIb)

Mechanical circulatory support
(Class lIb)

Overdrive pacing®

\ @ESC

Zeppenfeld K, et al. 2022 ESC Guidelines for the management of patients with VA and the prevention of sudden cardiac death. Eur Heart J 2022
GGEGEGEGGGEGGEHESSSSSSSSSSSSGSSOOSOGSGSSESGOEE.
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PLACEE Modulazmne neuroassiale

Ganglio
- stellato:
Il blocco percutaneo | - situato  tra
del ganglio stellato = ' apofisi
a scopo antiaritmico -
Una guida pratica della settima
' vertebra

cervicale e la

prima costa.

In esso
scorronole vie
simpatiche

della meta
superiore del

| corpo

aemanee K, et al. Circulation 2000; 102: 742-7
Patel RA, et al. Pain Med 2011; 12: 1196-8
Mohd J, et al. American Journal of Emergency Medicine 2021

=
ﬁ Il Fensiero Scientifico Editore
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o VANISH Trial

Recurrent ventricular tachycardia among survivors of myocardial infarction with an
implantable cardioverter—defibrillator (ICD) is frequent despite antiarrhythmic drug
therapy. The most effective approach to management of this problem is uncertain.

METHODS
We conducted a multicenter, randomized, controlled trial involving patients with isch-
emic cardiomyopathy and an ICD who had ventricular tachycardia despite the use of
ablation (ablation group) with continuation of baseline antiarrhythmic medications
or escalated antiarrhythmic drug therapy (escalated-therapy group). In the escalated-
therapy group, amiodarone was initiated if another agent had been used previously.

The dose of amiodarone was increased if it had been less than 300 mg per day or
mexiletine was added if the dose was already at least 300 mg per day. The primary

outcome was a composite of death, three or more documented episodes of ventricular
tachycardia wim%mmm
RESULTS

Of the 259 patients who were enrolled, 132 were assigned to the ablation group and
127 to the escalated-therapy group. During a mean (+SD) of 27.9+17.1 months of
follow-up, the primary outcome occurred in 59.1% of patients in the ablation group
and 68.5% of those in the escalated-therapy group (hazard ratio in the ablation group,
0.72; 95% confidence interval, 0.53 to 0.98; P=0.04). There was no significant be-
tween-group difference in mortality. There were two cardiac perforations and three

cases of major bleeding in the ablation group and two deaths from pulmonary
toxic effects and one from hepatic dysfunction in the escalated-therapy group.

NS

In patients with ischemic cardiomyopathy and an ICD who had ventricular tachycar-

A Primary Outcome
1.0
0.94
0.8+
0.7+
0.6
0.5
0.4+
034
0.2
0.1

s
£
a
&
£
2
&
s
z
2
S
&

Ablazione

Ablation

Escalated therapy

Hazard ratio, 0.72 (95% Cl, 0.53-0.98)
P=0.04

0.0
o

No. at Risk

Ablation

Escalated
therapy

T T T
1 2 3
Years of Follow-up

40
25

Ventricular Tachycardia Storm

1.0+
0.9+
0.8
0.74
0.6+
0.5+
0.4+
0.3+
0.2+
0.1
0

Probability of Event-free Survival

Ablation

Escalated therapy

Hazard ratio, 0.66 (95% Cl, 0.42-1.05)
P=0.08

0

No. at Risk

Ablation 132

Escalated 127
therapy

T T T
1 2 3

Years of Follow-up

95 53 34
77 40 28

1.0 bl
0.9 lation
= 034
% 0.71 Escalated therapy
g 0.6
z 0.5
Z 04
2 034
s O
& 02
Hazard ratio, 0.96 (95% Cl, 0.60-1.53)
019 p-0ss
0.0 T T T T
0 1 2 3
Years of Follow-up
No. at Risk
Ablation 132 115 70 46 19
Escalated 127 100 56 40 18
therapy

D Appropriate ICD Shock

1.0+
0.9 %,
0.8+
0.7
0.6
0.5+
0.4+
0.3+
0.2+
0.14
0.0

Probability of Event-free Survival

No. at Risk

Ablation

Escalated
therapy

Escalated therapy

Hazard ratio, 0.77 (95% Cl, 0.53-1.14)
P=0.19

0

132
127

T T T
1 2 3

Years of Follow-up
89 46 24
74 34 2

dia despite antiarrhythmic drug therapy, there was a significantly lower rate of the
composite primary outcome of death, ventricular tacﬁzc ardia storm, or appropriate
ICD shock among patients undergoing catheter ablation than among those receiving
an escalation in antiarrhythmic drug therapy. (Funded by the Canadian Institutes of
Health Research and others; VANISH ClinicalTrials.gov number, NCT00905853.)

N ENGLJ MED 3752 NEJM.ORG JULY 14, 2016

Figure 1. Primary Outcome and Its Components.

Panel A shows survival free from the primary outcome — death at any time or ventricular tachycardia storm or appropriate shock from
an implantable cardioverter—defibrillator (ICD) after the 30-day treatment period — among patients treated with catheter ablation or es-
calated antiarrhythmic drug (AAD) therapy. Rates of death were similar in the two groups (Panel B). The significantly lower rate of the
primary outcome in the ablation group was driven by lower rates of ventricular tachycardia storm (Panel C) and appropriate ICD shock

(Panel D).
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Recurrent ICD discharges

l

Full history and physical exam
Cardiac monitoring
12-lead electrocardiogram
Investigations for reversible causes
Assessment of hemodynamics

Cardiology consultation
for interrogation of ICD
ASAP

!

UNSTABLE

+ shockable rhythm not terminated by ICD

e  Electrical cardioversion/ defibrillation as per ACLS

STABLE

Assess rhythm when ICD discharges

\ 4

No dysrhythmia

Slow VT

Supraventricular
tachydysrhythmia

:

e (Cardiac
monitor and
apply external
pads

e  Treat as per
nonal anidalinac

e | Reprogram ICD
to detect ata
lower rate

— Cheskes L, et al. Canadian Journal of Emergency Medicine (2021) 23:147-14¢

e Treatas
per usual
guidelines

Recurrent Recurrent mVT

pMVT terminated by ICD
Beta e Beta blocker
blocker e Amiodarone
Avoid e Benzodiazepines
amiodarone e Intubation and
Treat general anesthetic
underlying e  Stellate Ganglion
etiology Block

Catheter ablation
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PLACEE Key Points

Lo SA e il verificarsi di tre o piu episodi di TV o FV sostenute in un
periodo di 24 ore. Nel paziente con ICD, per SA di intendono tre

interventi appropriati del dispositivo in 24h (con ATP o shock)

« E importante valutare I'emodinamica, il ritmo, e se gli shock ICD
sono appropriati o inappropriati, poiché cio influenza la gestione del
pz

e Un approccio stepwise allo SA include terapia beta-bloccante,
amiodarone (in assenza di TV polimorfa), benzodiazepine, blocco del
ganglio stellato, intubazione e anestesia generale.

 L’ablazione transcatetere rappresenta la terapia definitiva.
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Table 3 Principal studies analyzing the role of catheter ablation in controlling electrical storm

Ref. No. of Left ventricular Epicardial Acute success VT recurrence ES recurrence Death Follow-up
patients  ejection fraction procedures duration, mo
Sra et al®™! 19 27+8 0% 87% 37% - 0% 72
Silva et al®® 14 31+13 20% 80% 13% = 27% 12+17
Carbucicchio et al® 95 36+11 11% 89% 34% 8% 16% Median 22
Arya et al® 13 33+9 31% 100% 38% - 31% Median 23
Pluta et al®” 21 - 0% 81% 19% 0% 0% 3
Deneke et al®® 31 28+15 9% 94% 25% 12% 9% Median 15
Kozeluhova et al'® 50 29+11 0% 85% 52% 26% 29% 18 +16
Kozluk et al™ 24 27+7 7% = 34% 12% 13% 28 +16
Di Biase et al®™ 92 27+5 47% 100% 34% 0% 2% 25+10
Izquierdo et al™ 23 34+10 0% 56% - 35% 30% Median 18
Jin et al™ 40 21+7 0% 80% 53% = 25% 17 £17
Kumar et al™ 287 27+10inICM and 3.8%inICMand 60% inICM 49% inICM and 17% inICM and 25% inICM  Median 42
33+16inNICM  24%inNICM  and 50%in  64% inNICM  27% in NICM  and 28% in
NICM NICM
Muser et al® 267 29+13 22% 73% 33% 5% 29% Median 45

VT: Ventricular tachycardia; ES: Electrical storm.

* Riduzione delle recidive di SA
* Riduzione del numero degli interventi dell’ICD

* Riduzione del numero delle ospedalizzazioni ,
Muser D, et al. World J Cardiol 2017; 9: 521-30




e Patients who experience an electrical storm
are prone to psychological disorders, heart
failure decompensation, and increase

mortality.

Guerra F, et al. Europace 2014;16:347-353.
Noda T, et al. Int J Cardiol 2018;255:85-91.
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LATRORM OF LABORATORES FOR ADVANCES IN CARDIAC EXPERIINCE

Prolonged Ot
Torsades de Pointes
Polymorphic VT

Replete Mg and K

ECG merphology

Brupgada
Short Qt

Arisosrone Isoproterenol
Lidocaine

Propofol

LSGB

Catheter Ablation

ECMO

IABP

Fig. 2. Management of electrical storm algorithm.

Dyer S, et al. American Journal of Emergency Medicine 2020; 38: 1481-7

—
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PLA*C*Eignquadramento del paziente

Tabella 1. Principali fattori scatenanti uno “storm” aritmico.

. . . . e Squilibrio idro-elettrolitico o acido-base
* Avviene In genere In PS oppure e

: : e |possia (esacerbazione di scompenso cardiaco, embolia
eseguito dal medico del 118 polmonare, infezione polmonare)

. e iy . . e |pertiroidismo
* |l primo obiettivo del medico & 2

valutare I'esistenza di fattori * Infezione/tebbre
scatenanti lo SA e |schemia acuta cardiaca
e Scarsa compliance/abuso di farmaci cardioattivi
* ECG a 12 derivazioni e Effetto pro-aritmico di farmaci
e Durante aritmia (SOO) S _ , o
«  Dopo aritmia (ischemia, LQT, Brugada... e Recente inizio di stimolazione ventricolare sinistra (+/- destra)
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