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Rytm som kommer nedanfér HIS som har frekvens dver
100 slag/min i minst 3 slag, oftast QRS bredd >120 ms

Non-sustained VT - kortare an 30 sekunder

- ey Sustained VT - langre an 30 sekunder
Definition av Suaned T gm0 wndr

Kammarta kYka rdi * Incessant VT - VT som fortsétter trots upprepade atgarder

att forsoka bryta den

* Elektrisk Storm (ES) - =3 episoder med sustained VT/VF
inom 24 timmar

Clustered VT -2 eller fler sustained VT episoder inom
loppet av 3 manader




PrecentatinnAne namn

Typer och orsaker till ihallande ventrikular takykardi

Monomorf ventrikular takykardi (VT)

o Ofta strukturell hjartsjukdom
(t.ex. genomgangen infarkt, arr)

e Kan aven vara idiopatisk
(t.ex. RVOT, fasckular VT)

o Ofta re-entry

» Regelbunden takykardi med likartad
QRS-morfologi

Polymorf ventrikular takykardi (VT)

o Ofta vid akut myokardischemi

e Strukturell hjartsjukdom (t.ex. arr,
kardiomyopati, hjartsvikt)

o Arftliga arytmisyndrom

e Varierande QRS-morfologi och amplitud

Monomorf VT (12 avledmngs EKG)
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Akut behandling
av valtolererad
akut VT

Katja Zeppenfeld et al, 2022 ESC Guidelines for the
management of patients with ventricular arrhythmias and
the prevention of sudden cardiac death, European Heart
Journal, Volume 43, Issue 40, 21 October 2022, Pages

3997-4126, https://doi.org/10.1093/eurheartj/ehac262
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Figure 4

Algorithm for the
evaluation of patients
presenting with a first

SMVT episode
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2022 ESC Guidelines for the management of patients with ventricular arrhythmias and the prevention of sudden cardiac death

(European Heart Journal; 2022 — doi: 10.1093/eurheartj/ehac262)
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Fall

40 ar gammal frisk kvinna kommer in med
hjartstopp, férsta rytm VT/VF, deff x 1 - ROSC

Under vardtillfdlle upprepade VT manga ganger per
dygn
Bérjar med R pa T VES

Aven intermittenta bradykardiepisoder ner mot 40-
50 sl/min

QT tid normal
Initial EF 45-50%
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Behandling? -

e Betablockad

e Sedering

e Overdrive pacing
e Cordarone

e Lidokain

e Mexitil

e Kinidin

e Isoprenalin




Graphical abstract @ EHRA

European Heart
Rhythm Association

(@ European Saciety of Cardiclogy

Electrical storm
Incidence Presenting arrhythmia Outcomes

Primary prev ICD NANNNAN smvr s6-97% Mortality
4-7%

% J VE  1-21% vl 33 ¥
. Secondary prev ICD SMVT '
10-30% VE 3-14%, _» ' Re-hospitalization
* 2l a8x B

ICM = NICM
&= 5.8-6.9%/50.9 mo MMYWWVL PVT  2-8%

Pathophysiology Management
Dysfunctional channels = Sedation Catheter
Scar/fibrosis t T Vulnerable EADs Reversible ICD AADs PED ablation
Slow conduction \ 883 SHD heart Dispersed repolarization causes check & LQTS:
Dispersed refractoriness - * Sub-epi fibrosis reprogram ' ‘ -Mg*,K*
‘ ey Current-load mismatch . a— SHD -Isoprenaline,
Ischaemia - } ~ AMifrevasc: -Mexiletine
Inflammation R Tt (J /F R);’ )” _ -BBA, Amio Brs, SQT, iVF: )
Electrolytes T T VIV ‘\T’ -Quinidine gy -Isoprenaline Denervation
Adrenergic drive a : ~ AUtOI‘IOmIC - HF: » _ -Quinidine elmiinds
i VWWAWAAanam, P -BBA, Amio .
Trigger 2% disruption Cs AL

Europace, Volume 26, Issue 4, April 2024, euae049, , OXFORD
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The content of this slide may be subject to copyright: please see the slide notes for details.
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Risk for elektrisk storm i ICD barare

e Risk faktorer
_ ngt EF OSERVO-ICD

study
- Alder
— QRS varaktighet
— Bristande GDMT (guideline

4,7 0/2 under 39
NEREEESS
observationstid

directed medical therapy) e e 3,9 % hos
patienter med primer

- . - sekunder :

— Kronisk njursvikt S dleae profylaktisk

1CD ICD

— Tidigare ventrikulara arytmier

Guerra F, et al; Results of the OBSERVational registry On long-term outcome of ICD patients (OBSERVO-ICD). Heart
Rhythm. 2016 Oct;13(10):1987-92. doi: 10.1016/j.hrthm.2016.06.007. Epub 2016 Jun 9. PMID: 27291511.



FIGURE 1 Mechanisms of Arrhythmogenesis in Electrical Storm

Triaaer Autonomic
gg Dysregulation

Channelopathy .

- Electrolyte
Ischemia derangements
Heart failure Inflammation Drugs

Parasympathetic

Ventricular Arrhythmia

DAD

Afterdepolarizations

' Ongoing physiologic
stressor

Electrical stof?‘

Jentzer JC et al, American College of Cardiology Critical Care Cardiology and Electrophysiology
Sections. Multidisciplinary Critical Care Management of Electrical Storm: JACC State-of-the-Art
Review. J Am Coll Cardiol. 2023 Jun 6;81(22):2189-2206. doi: 10.1016/j.jacc.2023.03.424. PMID:
37257955; PMCID: PMC10683004.



Reversibla triggers i elektrisk storm

Myokardiell ischemi

Hjartsvikt och akut dekompensation (myokardiell stretching)
Infektion

Lakemedel (antingen AAD eller andra mediciner), QT forlangning
Autonom imbalans

Icke-kardiell organsvikt

Tyreotoxikos

Elektrolyt imbalans (i synnerhet Kalium och Magnesium)




FIGURE 3 Diagnostic and Clinical Assessment for Patients With Electrical Storm

Corona Chest X-ray 12-lead ECG WCT: wide
4 ry « Signs of congestion? » WCTs captured on ECG com p|eX
Swan-Ganz Angiography « cardiomegaly, pleural « VT vs SVT? _
Cath [ = « Define the presence, anatomy, effusions, pulmonary « Rate and morphologic tach yCa rdia
atheter : and severity of coronary artery edema, etc characteristics of VA ABG: arterial blood
« PCWP , disease « Extracardiac devices? : « Baseline ECG !
« Mean PA pressure T /’ + LVAD or ICD . Coanarison to VA gas
* Mean RA pressure & ¢ Ischemia? .o
+ Mixed venous & « QT interval JVP: jugular
hemoglobin saturation o prolongation? VEeNnous pressure

POCUS: point-of-

History & Physical
Device = « Cardiac symptoms? care ultrasound
: 7~ _\\ « Fatigue, dyspnea,
Interrogation @ palpitations, orthopnea,
« VA burden and characteristics KL/ weight gain, anginal

symptoms, syncope, device

» Frequency and effectiveness of |, it
device therapies \ shocks, etc
* Device thera‘;y S y » Evident precipitants?
appropriateness SN L . Fevctla_r, I:!ICIt drug use,
medication

discontinuation, etc
l « Physical exam abnormalities?
« Elevated JVP, pulmonary

rales, peripheral edema,
cool extremities, skin

POCUS mottling, slow capillary
Bi . : refill, etc
* Biventricular systolic
function
» Diastology and estimation - -
of ventricular filling Vital Signs Labs
pressures - Heart rate ] R
+ Estimation of cardiac « Blood pressure E * Serum lactate
output « Respiratory rate « Cardiac troponin
« Coexisting valvular heart « 0, saturation « NT-proBNP
disease? « Temperature « Mg2+, K+, HCO3-
» Sonographic B-lines? « Urinary output ; « Renal function indices

(eg, serum creatinine)
* Drug levels (eg, digoxin
or illicit drugs)

Jentzer JC et al, American College of Cardiology Critical Care Cardiology and Electrophysiology Sections. Multidisciplinary Critical Care Management of Electrical Storm: JACC State-of-the-Art
Review. ] Am Coll Cardiol. 2023 Jun 6;81(22):2189-2206. doi: 10.1016/j.jacc.2023.03.424. PMID: 37257955; PMCID: PMC10683004.



CENTRAL ILLUSTRATION Global Approach to the Evaluation and Management of
Electrical Storm

ICD interrogation | Place external defibrillator pads

Hemodynamic Identify triggers
assessment Laboratory analysis

Cardiac assessment Ischemic evaluation
Echocardiography Coronary angiogram

Optimize ICD settings | Risk stratification-PAINESD

. . Antiarrhythmic Antiadrenergic ]
Risk-tailored therapy therapy Escalation to
stepped-care - _ suppress

approach Sedation and Hemodynamic recurrent VA

anxiolysis support

Determine response \ Evaluate candidacy for catheter ablation

Evaluate substrate Assess need for
Consider CMR hemodynamic support

Preablation checklist = Assess candidacy for transplantation

Catheter ablation if indicated

UNSUCCESSFUL

Transplantation
Palliation

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




Elektrisk storm och ICD-programmering

Registerdata talar for att mer aggressiv ICD-programmering 3r associerad med elektrisk storm och sdmre utfall

RECISTEROVERSICT 1319 62 4.7% 39 man

Konsekutiva patienter drabbades av 21 ES incidens av ES median uppfoijning

Programmering associerad med

Kliniska utfall Tolkning
ES
» Lagre detektionsgrans for VF (P = 0,002) * Hogre incidens av total mortalitet (P = . .
* ATP under kondensatorladdning oftare 0,025) Lagre frekvensgranser
avstangd (P = 0,001) * Hogre incidens av hjartsviktsrelaterad
» Fordrojd terapi mer sallan anvand i dod (P < 0,001) +
VT-zoner (P = 0,042) * Jamfort med patienter utan ventrikulara Koctars datulitonstidar
e FOrdrojd terapi mer sallan anvand i arytmier och patienter med icke-klustrad
VF-zonen (P = 0,036) VT/VF

--

Ingen ATP under laddning

- mer aggressiv ICD-programmering

Undvik onodigt aggressiv ICD-programmering: langre detektionstider och ATP-strategier kan bidra till att
minska risken for elektrisk storm.

HUVUDBUDSKAP




ICD-hantering vid elektrisk storm

Minska och undvik ICD-chocker - bryt den adrenerga spiralen

Den adrenerga spiralen vid elektrisk storm

1. Ventrikular takykardi

/ 2. ICD-chock

4.Ny VT
AN ICD-chocker
J\/\/\/\/\/\/\ : kan trigga

nya arytmier

3. Sympatikuspaslag

4 Katekolaminer

%J” 4 Hijartfrekvens
718 » o 4 Myokardiets

4h.e e e retbarhet
@

Strategier for att minska ICD-chocker

0 ICD-omprogrammering

e Forlang detektionstiden

e Anvand langre och mindre
aggressiva ATP-sekvenser

e Kan minska eller undvika ICD-chocker

e Utnyttja ATP vid tolererad VT

¢ Vid hemodynamiskt tolererad VT
som terminerats med ICD-chock:
— Overvag tillfallig inaktivering av
automatisk ICD-terapi
— terminera episoder med
ATP och/eller

ATP
A
antiarytmika

e Sedering och antiarytmika

e Upprepade ICD-chocker ar traumatiska
och associerade med 6kad mortalitet

e Chocker ger hyperadrenergt paslag
som kan utlosa ytterligare arytmier

e Sedering och inaktivering av onddiga
ICD-chocker — aven adekvata chocker -
kan bidra till att bryta elektrisk storm

Karnbudskap
\ Farre ICD-chocker - mindre sympatikuspaslag — lagre risk for nya ventrikuldra arytmier.

Lenarczyk R, et al. Europace. 2024;26:euae049.



Akut ICD-hantering vid elektrisk storm

Forsta malet &r att bryta chockspiralen och snabbt foérsta vad ICD:n faktiskt behandlar.

‘ Omedelbar handliggning ICD-interrogation — vad behdver

bedomas?
* » Minimera repetitiva, ineffektiva och e o Kartlagg ventrikulara arytmier och givna ICD-
inadekvata ICD-chocker. terapier.

e Omprogrammera ICD:n akut eller anvand

_ * Bedom om terapierna varit adekvata.
magnet vid behov.

e Analysera VI-morfologi och hur arytmin

* Magnet pausar arytmidetektion/terapi men
startar.

bibehaller pacing.

e \/T under detektionszonen kan behandlas * Identifiera misslyckad ATP eller

manuellt via programmeraren. chockbehandling.
o S4tt externa defibrilleringselektroder pé alla * Anpassa detektionsgranser och
patienter. behandlingszoner till klinisk VT.

Referens: Jentzer JC, Noseworthy PA, Kashou AH, et al. Multidisciplinary Critical Care Management of Electrical Storm. J Am Coll Cardiol. 2023;81(22):2189-2206.
doi:10.1016/j.jacc.2023.03.424.



Ar ICD-terapin adekvat?

Skilj verklig ihallande ventrikuldr arytmi fran inadekvat terapi innan programmeringen &ndras.

‘ Omprogrammering for att forebygga

‘ Adekvat vs inadekvat terapi
chocker

e o Adekvat terapi = behandling av ihallande

ventrikular arytmi. e ¢ \/id val tolererad VT: forlang detektionstiden
e Inadekvat terapi: t.ex. SVT/FF med snabb eller anvand ATP-only-zon.
kammarfrekvens eller icke-ihallande VT. e ATP terminerar cirka 75 % av monomorf VT
e Uteslut T-vagsoversensing och utan chock.
elektrodbrus/fraktur. e Optimera vid behov med fler ATP-
e SVT-diskriminatorer kan minska inadekvata forsok/bursts och anpassad cykellangd.
chocker.

Val tolererad VT: prioritera ATP och langre detektion nar det ar kliniskt lampligt.

Referens: Jentzer JC, Noseworthy PA, Kashou AH, et al. Multidisciplinary Critical Care Management of Electrical Storm. J Am Coll Cardiol. 2023;81(22):2189-2206.
doi:10.1016/j.jacc.2023.03.424.



Proarytmi, CRT och implantation

‘ Device-proarytmi ‘ ICD-implantation / uppgradering

e o Efter elektrisk storm utan ICD: overvag

sekundarpreventiv ICD.
e o Aggressiv ATP kan terminera VT — men

ocksa accelerera VT eller utlosa VF. VCARLglreee g el vae euausilule

etablerad indikation.
e Risken okar vid kort eller varierande VT-

cykellangd. * Undvik om mojligt implantation under aktiv

elektrisk storm.
e Lagenergichock kan vara proarytmisk >

: ¢ Incessant VA/avancerad HF kraver sarskild
undvik!

bedomning (transplantation/LVAD).

e Vid palliativ vard kan ICD-terapier avaktiveras.

Referens: Jentzer JC, Noseworthy PA, Kashou AH, et al. Multidisciplinary Critical Care Management of Electrical Storm. J Am Coll Cardiol. 2023;81(22):2189-2206.
doi:10.1016/j.jacc.2023.03.424.



Figure 11 Part Two.Management of patients with electrical storm or @ ESC

. . r E Soci
repeated implantable cardioverter defibrillator shocks @ o Cardioiogy
Polymo:'phic VA
’
Underlying aetiology )
[ [ [ ]
Acute External Polymorphic Acquired Primary
ischaemia precipitating | VA triggered long QT electrical
factors by unifocal disease
i PVC "
- T T
\Brugaia. ERS Idiopithic VF:’ Longgtcm

Beta-t;lockef\\l
i

 Goto
flowchart

Catheter
: ablation precipitating
STEMI underlying (Class lla) factors

|
(Figure 14) condition — Quinidine Quinidine Pacing?
\ (Classl) )| Quinidine |\ (ClRssD 1 ) (Class lla) } (Class )

|

|

|

Isoproterenol Isoproterenol
(Class lla) (Class lla)

Remove

(Class I)

(Class lb) || g+ i, |

Catheter Verapamil Mg /K * iv.
{Class ) ablation (Class lla) (Class 1) (
[ Class Il
‘ Isora)atsesr:!)nol i (Class lla) p— AAD
ablation of according
Pacing PVC triggers = to underlying
(Class ) (Class Ila) disease
(Class lla)
Autonomic
modulation
(Class lla)
— | e J
Deep sedation/ intubation
(Class lla)
Mechanical circulatory support
(Class llb)
\ @Esc
Eur Heart J, Volume 43, Issue 40, 21 October 2022, Pages 3997-4126,
do 1.1003/ S ohaco6 @OXFORD
UNIVERSITY PRESS

The content of this slide may be subject to copyright: please see the slide notes for details.


https://doi.org/10.1093/eurheartj/ehac262

Polymorphic VA

ischaemia

precipitating
factors

VA triggered
by unifocal
PVC

electrical
disease

v

Catheter Remove Isoproterenol

ablation precipitating (Class lla)
(Class lla) factors ———
—— (Elas=lli Quinidine
Quinidine® , (Class lla)

Class llIb ++ +

( ) Mg™ /K™ i.v. Catheter

? (Class 1) ablation
Isoproterenol (Class lla)

(Class 1)

- <

Pacing
(Class 1)

Isoproterenol Beta-blocker
(Class lla) (Class 1)
Quinidine Pacing®
(Class lla) (Class 1)
Verapamil Mg /K ™" i.v.
(Class lla) (Class 1)
Catheter ~ AAD N

ablation of according
PVC triggers to underlying
(Class lla) disease

(Class lla)

Autonomic
modulation
(Class lla)

J

Deep sedation/ intubation
(Class lla)

Mechanical circulatory supporf:
(Class llb)

@ ESC—



Algoritm for
elektrisk storm
med monomorf
VT och
aterkommande
ICD chock

ICD programming optimization?
(Class 1)
Beta-blocker/sedation
(Class 1)
Amiodarone i.v.

(Class I)

l

Catheter ablation
(Class 1)

Deep sedation/intubation
(Class lla)

Autonomic modulation
(Class llb)

Mechanical circulatory support
(Class llb)

Overdrive pacing®

@ESC—




Algoritm for behandling av elektrisk storm

FIGURE 4 Stepped-Care Algorithm for Rational Escalation of Medical Therapy in Electrical Storm

Step 2

Antiarrhythmic Drugs

" Amiodarone IV*

« Bolus 300 mg (max 5 mg/kg) over 20 min

* Repeat 150 mg bolus over 10 min for
recurrent VA

« Infusion 1 mg/min until free from VA 26
hours (may continue for longer)

. = Continue 0.5 mg/min until ES resolves

Lidocaine IVt

 Bolus 1-1.5 mg/kg (max 100-120 mg)
= May repeat 0.5-0.75 mg/kg Q5-10 min x1-2
doses (max 300 mg or 3 mg/kg)
« Infusion 1-2 mg/min (max 4 mg/min)
» Goal serum procainamide concentration:
*1.5-5 pg/mL

Procainamide IV¥

» Bolus 10-15 mg/kg (max 17-20 mg/kg,
usually 1 g total) over 30-60 min
« Infusion 1-2 mg/min (max 4 mg/min)
« Goal serum procainamide concentration:
*4-8 pyg/mL (up to 10 pg/mL)

Adrenergic Blockade

Oral beta-blocker

« Propranolol 20-40 mg Q6h (preferred)

» Metoprolol tartrate 25-50 mg Q6h (may be
less effective)

+ May instead increase GDMT beta-blocker
(eg, bisoprolol, carvedilol, metoprolol
succinate) for selected low-risk patients

IV beta-blocker

« Esmolol
» Bolus 0.5 mg/kg (may repeat Q5 min x2)
« Infusion 50-300 pg/kg/min
 Propranolol 1-3 mg Q5 min (max 5 mg)
» Metoprolol 2.5-5 mg Q5 min (max 15 mg)

Stellate ganglion blockade

« Left stellate ganglion blockade
« 20 mL of 0.25% bupivacaine without
epinephrine
« Bilateral blocks if intubated

Sedation/Anxiolysis

Benzodiazepine

« Lorazepam 1 mg Q4-6h PRN
» Diazepam 5 mg Q4-6h PRN
* Midazolam 2 mg Q1-2h PRN

Dexmedetomidine

» Bolus (optional) 0.5-1 ug/kg over
10 min (typically not recommended
due to risk of hypotension)

« Infusion 0.2-0.7 ug/kg/h
(maximum 1.0-1.5 pg/kg/h)

General anesthesia

» Endotracheal intubation

« Propofol infusion often used,
titrated to RAAS goal of -3

» Opioid typically added (eg,
fentanyl infusion)

Hemodynamic Support

Vasopressors

« Phenylephrine 0.1-2.0 pg/kg/min
« Vasopressin 0.01-0.04 U/min
« Norepinephrine 0.02-0.2 pg/kg/min

Intra-aortic balloon pump

« Contraindicated with aortic
aneurysm/dissection, severe aortic
insufficiency, or peripheral vascular disease

« Less effective with tachycardia or atrial
fibrillation

Advanced MCS

+ ECMO preferred

+ Percutaneous LVAD can be considered for
selected patients

+ Contraindicated with severe aortic
insufficiency or peripheral vascular disease

Jentzer JC et al, American College of Cardiology Critical Care Cardiology and Electrophysiology Sections. Multidisciplinary Critical Care Management of Electrical Storm: JACC State-of-the-
Art Review. J Am Coll Cardiol. 2023 Jun 6;81(22):2189-2206. doi: 10.1016/j.jacc.2023.03.424. PMID: 37257955; PMCID: PMC10683004.




Algoritm for behandling av elektrisk storm

« Failure of AAD therapy

t
~ 2
2 o
(2 < ~ N

- 2
o Recurrent arrhythmias e E
& High-risk patients _ E . =
& - Hemodynamically unstable VA Step 2: add-on therapies e By
1 * No functioning ICD « IV beta-blocker (eg, esmolol) c g E
» VA not terminated by ATP « Lidocaine IV %’* = g
* Incessant arrhythmias * Dexmedetomidine o T

=

GJ

-

Recurrent arrhythmias

Step 3: rescue therapies

« Stellate ganglion block
+ IV procainamide

Increasing

Svart att fa tag pa
procainamide i

v

sverige » General anesthesia
+ Urgent ablation

Har kan man

overvaga
Foéljande: Definitive therapy

. » Catheter ablation
Mexitil SO[_T‘ kan__ « Heart transplant/LVAD
fungera battre an « Palliative care

lidocain alt. Kinidin



Antiarytmisk behandling (AAD) i elektrisk storm

e lidocain (Ib)
Klass I e procainamid(la)
e Natrium kanal hdammare, paverkar [FabERALLER o kinidin (Ia)

depolarisationen e mexiletin(Ib)

Klass III e amiodarone

. . o
e Kalium kanal hammare, paverkar . :
CEISYIILEN o 5otalol

repolarisationen




Betablockad

Nastan allra viktigaste i elektrisk storm

Propranolol ar effektivare an metoprolol eller bisoprolol

Central effekt (passerar

blod-hjarn barrier) betal och beta2 blokad 160 mg/dag ar maldosen

A 4

Iv. snabbverkande beta-blockerare, ultra-selektiv Betal (esmolol, landiolol)

Bdrjar att verka direkt Effekten avtar ganska snabbt




Amiodarone

Alla patienter med stukturella hjartsjukdomar

IV funkar inte p& samma satt som per os (per os effektivare)

Iv. beta-blockerare och natrium kanal hammare effekt Per os Klass III effekt

A 4

Darmed rekommenderas parallel laddning per os och iv upp till en mal laddningsdos sammanlagt 10-20
gram, fram tills pat ar VT fri > 48 timmar

Ev. tillagg Lidokain/Mexitil
Synergistisk effekt




Mexiletine (Mexitil) class IB QO

Kan anvandas i elektrisk storm - sarskilt Ischemi, LQT3

@ VERKNINGSMEKANISM @ BIVERKNINGAR @ KLINISK ANVANDNING

Na*-kanalhimmare Vanliga: Kan anvéandas trots nedsatt

magproblem, trotthet, kammarfunktion och njursvikt
yrsel, huvudvark,

Forlanger refraktaritid illamaende

Kan orsaka psykiska storningar

Kan i sallsynta fall orsaka .
leverpaverkan, forsiktighet vid Initial dos 400 mg x 3
leversjukdom i 2-3 dagar

Underhallsdos 200 mg x 3



Lidokain/Xylokain class IB -

e Samma effekt som Mexitil men finns bara som iv
behandling i akut fas
— VT Elektrisk storm!

— OBS risk for CNS paverkan, somnolens, hallucinationer,
kramper




Kinidin

e Postinfarkt eller post CABG elektrisk storm
e Idiopatisk VF som oftast triggas igang av Purkinje PVC
e Brugada-syndrom

Férmanligt i vissa
situationer

e Per os kinidin-sulfat 1200-2000 mg/dygn
e Eller 600-1200mg hydroquinidine.

Akutskede

e 1200mg/day kinidin-sulfat

Valel=1gs EIISoX=laELalellTale MM « Eller 600-900mg/dygn hydroquinidine nér arytmierna
ar borta




Andra potentiella framtida lakemedel mot VT

e Antianginds behandling. Paverkar Natrium jon kanal infléde
e NSTEMI patienter, lagre VT boérda forsta veckan efter infarkt
e RAID studie, ingen skillnad i ICD terapi eller dod

e Subgrupper med minskad VT bdrda

Ranolazin?

e 1 retrospektiv studie pad hjartsviktspatienter mindre VT/ICD

Ivabradin? shock

Aktivatorer av inatriktade
rektifierande K*-kanaler
(Kir-kanaler)? - stabiliserar
membranets vilopotential

e Positivt utfall i djurstudier, ej testat i manniskor an




Sedering vid elektrisk storm

Lakemedel Initial dos / bolus Kontinuerlig infusion

Bensodiazepiner

Midazolam 0,01-0,05 mg/kg, kan 0,02-0,1 mg/kg/tim. Titrera
upprepas var 5-15 min upp/ned med 25-50 %
orazepam 0,02-0,04 mg/kg 0.01-0,1 mg/kg/tim. Max 10
mg/tim
5—-50 pg/kg/min (0,3-3
Propofol 0,8-1,2 mg/kg mg/kg/tim). Oka med 5—-10
Mg/kg/min var 5—10 min
Opioider
Fentanyl 1-2 ug/kg 1-2 ug/kg/tim
Remifentanil 0,5-1,5 ug/kg 0,05-2 pg/kg/min
Dexmedetomidin 1 pg/kg under 10 min 0,2-0,7 ug/kg/tim

Lenarczyk et al. Europace 2024



Management of electrical storm

Mild to moderate sedation is recommended in
patients with electrical storm to alleviate
psychological distress and reduce sympathetic

tone.

Deep sedation/intubation should be considered in

patients with an intractable electrical storm lla

refractory to drug treatment.>*’




Overdrive pacing vid elektrisk storm

e FOrebygga kammar arytmi
— Pacing 10-20 slag hogre an egen rytm
- Kan minska risken fér R pa T VES som startar arytmi
— Sarskilt relevant vid bradymedierad polymorf VT

- Minska risken for kort-lang-kort sekvenser och saledes nya
kammararytmier



Autonom modulering

y.# Ganglion Stellate blockad
ﬁ‘p Thoracic epidural anaesthesia (TEA)

2 Kardiell sympatikus denervering (permanent)

<Y> Renal denervering



Technigque Mechanism/Agent Duration Guidance/Access Representative Refs.

Local anaesthetic (e.9., _
. S . ) . . Ultrasound and/or fluoroscopy; C6-C7 STAR [14]; Tian [6];
SGB—single injection bupivacaine/ropivacaine); Hours _ _
_ _ anterior/lateral Fudim [8]
reversible conduction block
_ Local anaesthetic infusion via indwelling Days (while Ultrasound-guided _ _

SGB—continuous catheter _ Sanghai [5]; Patel [13]; Dusi [54]

catheter infused) catheter placement

Fluoroscopy = ultrasound:

Percutaneous RF neurolysis  Thermal lesioning of ganglion/fibres Weeks-months (variable) _ Rao [16]
sensory/motor testing

Percutaneous chemical Variable; reinnervation o _

) Phenol (3-6%) or alcohol (50%) _ Strict imaging contral of spread Racz [50]
neuralysis possible
Thoracic epidural _ _ _ _ _

_ Neuraxial local anaesthetic Hours-days Fluoroscopy/landmark; thoracic epidural  Lenarczyk [49]; Dusi [54]
anaesthesia
_ _ Schwartz [40]; Damiani [38];
Surgical CSD (VATS)—leftor  Resection of lower stellate + T2-T4 _ _ _ _
Permanent Video-assisted thoracoscopic surgery Vaseghi [177;

bilateral

ganglia

Dusi [55];

Stellate-sparing LCSD

Resection sparing the stellate ganglion

Permanent (preliminary)

Video-assisted thoracoscopic surgery

Krieger [47]

Abbreviations: SGB, stellate ganglion block; RF, radiofrequency; CSD, cardiac sympathetic denervation; VATS, video-assisted thoracoscopic surgery; LCSD, left cardiac sympathetic

denervation.

Gonzalez et al. Cardiac Sympathetic Neuromodulation in the Management of Refractory
Electrical Storm: A Narrative Review. Journal of Clinical Medicine 2026



Figure 1 Schematic depiction of the two approaches. On the left, @ ESC
the anterior paratracheal anatomical approach is ... 751

European Society
of Cardiology

Anterior paratracheal anatomical approach

Lateral ultrasound-guided approach
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Autonomic modulation may be considered in
patients with electrical storm refractory to drug
treatment and in whom catheter ablation is

ineffective or not possible,*26.328340

Eur Heart J, Volume 45, Issue 10, 7 March 2024, Pages 823-833, https://doi.org/10,1093/eurheartj/ehae021

The content of this slide may be subject to copyright: please see the slide notes for details.

» OXFORD

UNIVERSITY PRESS


https://doi.org/10.1093/eurheartj/ehae021

- Primary efficacy and safety outcome
The study . \ 92% of patients showed a reduction of ATP/shock
S ’ 2 50% in the 12 hours after PSGB

Multicentre longitudinal . Only 1 major complication occurred (0.5%)
observational study

19 Centres

131 Patients
184 Procedures

Significant reduction of the number of

Patients with electrical storm ’ ATP/shocks both in a per-patients and
refractory to standard treatment in a2 per-procedure analysis
The procedure > Similar efficacy regardless of the
appearance of anisoconia

106 Anatomical approach

78 Ultrasound-guided
Significant reduction of treated arrhythmias
’ with both anatomical and ultrasound-guided
approach

152 Bolus
32 Bolus and infusion

181 Left PSGB e 3 )
2 Right PSGB Similar and significant efficacy with both methods:

bolus and continuous infusion

' Similar efficacy in low and high-volume centres

s/

Savastano S et al. European Heart Journal (2024) 45, 823-833.
Https://doi.org/10.1093/eurheartj/ehae021



Aterfall i Elektrisk Storm

e >50% av patienter med Strukturell hjartsjukdom far
aterkommande storm

e HOgst risk forsta aret

e Prediktorer
- EF<30%
- Rlder >65
— Ej optimalt behandlade mot hjartsvikt
- Ej komplett revaskulariserade

— Elektrolytrubbningar



Sahlgrenska Universitetssjukhuset

2026-10-06

Fallet

Vad vet vi?
- Polymorf VT
- RpaTVES

- Bradykardi episoder



Sahlgrenska Universitetssjukhuset 2026-10-06

Behandling? -

e Betablockad

e Sedering

e Overdrive pacing
e Cordarone

e Lidokain

e Mexitil

e Kinidin

e Isoprenalin




Sahlgrenska Universitetssjukhuset 2026-10-06

e Fick Magnesium, cordarone. Ingen effekt
e Sederad / sovd

e Atropin och isoprenalin nar bradykard

e Tillagg av lidokain. Ingen effekt

e propranolol

e Overdrive pace

e Kinidin. QT forlangning — utsattning

e Till slut propranolol, overdrive pace och stabiliseras pa det,
abladerad. ICD.
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12 Avl EKG

Elkonvertering

||

Betablockad —icke selektiv propranolol eller esmolol foredras

Amiodarone iv + tabletter

Akut VT
storm

Sedering

Lidokain/Mexitil eller Kinidin

Skicka till Universitetssjukhus

Overdrive pacing >80-90 sl/min

ECMO

Ganglion stellatum blockad

Ablationsbehandling



Fragor?

Ya VASTRA

GOTALANDSREGIONEN

V SAHLGRENSKA UNIVERSITETSSJUKHUSET
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