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Figure 1. Types of VT.  
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Figure 2. ESC 2022 GL on VA and SCD. Genetic risk for VA/SCD, typical triggers for 

VA/SCD, age at presentation with VA/SCD, sex predominance, and typical VA (PVT/VF vs. 

MVT) in different diseases associated with VA/SCD.  

 

ACS, acute coronary syndrome; ARVC, arrhythmogenic right ventricular cardiomyopathy; 

BrS, Brugada syndrome; CAD, coronary artery disease; CPVT, catecholaminergic polymorphic ventricular 

tachycardia; DCM, dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; LQT, long QT syndrome; MVT, 

monomorphic ventricular tachycardia; PVT, polymorphic ventricular tachycardia; rTOF, repaired tetralogy of 

Fallot; SCD, sudden cardiac death; VA, ventricular arrhythmia; VF, ventricular fibrillation. 
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Table 1. ESC 2022 GL on VA and SCD. Recommendations for public basic life support 

and access to automated external defibrillators 

 

Public access defibrillation should be available at sites where cardiac arrest is more I B 

likely to occur.* 

 

Prompt CPR by bystanders at OHCA.      I B 

 

Promote community training in basic life support to increase bystander   I B 

CPR rate and AED use. 

 

Mobile phone-based alerting of basic life support-trained bystander volunteers to IIa B 

assist nearby OHCA victims. 

 

 

*Shopping centres, stadiums, public transport stations, casinos. 
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Table 2. Management of Cardiac Arrest 

 

ACC/AHA/HRS 2017 GL on VA/SCD. Recommendations for Management of Cardiac 

Arrest 

 

CPR should be performed according to published     I-A 

basic and advanced cardiovascular life support algorithms. 

 

IV amiodarone in hemodynamically unstable VA that persist or recur after a  I-A 

maximal energy shock. 

 

Direct current cardioversion for VA with hemodynamic instability.   I-A 

 

Angiography with emergency revascularization in polymorphic VT or VF   I-B-NR 

with ST-elevation MI,  

 

A wide-QRS tachycardia should be presumed to be VT if the    I C-EO 

diagnosis is unclear. 

 

IV procainamide in hemodynamically stable VT.     IIa-A 

 

IV lidocaine in witnessed cardiac arrest due to VF or polymorphic VT that  IIa-B-R 

is unresponsive to CPR, defibrillation, and vasopressor therapy. 

 

IV beta blockers in polymorphic VT due to myocardial ischemia   IIa-B-R 

 

IV IV beta blocker in recent MI with VT/VF that repeatedly recurs despite  IIa-B-NR 

direct current cardioversion and antiarrhythmic medications (VT/VF storm). 

 

In cardiac arrest, epinephrine (1 mg every 3 to 5min) during CPR   IIb-A 

 

IV amiodarone or sotalol in hemodynamically stable VT    IIb-B-R 

 

In cardiac arrest, high-dose epinephrine (>1mg boluses)     III-A 

are not beneficial         No benefit 

 

In refractory VF not related to torsades de pointes,     III-A 

IV magnesium is not beneficial.       No benefit 

 

In suspected AMI, prophylactic administration of lidocaine or    III-B-R  

high-dose amiodarone for the prevention of VT is potentially harmful   Harm 

 

In wide QRS complex tachycardia of unknown origin, calcium    III-C-LD

          Harm 
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AHA 2025 GL on CPR. Adult Basic Life Support 

 

Recognition of Cardiac Arrest 

 

 
 

 

Initiation of Resuscitation: Lay Rescuer (Untrained or Trained) 

 

 
 

 

Initiation of Resuscitation: Health Care Professional 
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Opening the Airway in Adults in Cardiac Arrest 

 

 
 

 

Opening the Airway After Head and Neck Trauma 
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Position and Location for CPR 

 

 
 

Chest Compression Fraction and Pauses 
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Chest Compression Depth and Rate in Adult Cardiac Arrest 

 

 
 

Fundamentals of Ventilation During Adult Cardiac Arrest 

 

 
 

 
Ventilation During Adult Cardiac Arrest: Special Circumstances 
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Ventilation of Adults With Spontaneous Circulation (Respiratory Arrest) 

 

 
 

 
Compression-to-Ventilation Ratio in Adult Cardiac Arrest 

 

 
 

 

Pads for Defibrillation in Adult Cardiac Arrest 

 

 
 

 

 

CPR Before Defibrillation in Adult Cardiac Arrest 
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Foreign Body Airway Obstruction (FBAO) in Conscious Adult Patients 

 

 
 

 

Relief of FBAO in Unconscious Adult Patients 

 

 
 

 

Relief of FBAO in Special Circumstances 
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Cardiac Arrest in Adult Patients With Obesity 

 

 
 

 

 

 

 

 

Alternative Techniques for CPR in Adult Cardiac Arrest 
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AHA 2025 GL on CPR. Adult Advanced Life Support 

 

Defibrillation 

 

 

 

 

Ancillary Waveform Technology 

 

 
 

 

Vector Change and Double Sequential Defibrillation 
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Nondefibrillation Electrical Therapies for Cardiac Arrest 

 

 
 
Vascular Access 

 

 
 

 

Vasopressor Medications 
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Nonvasopressor Medications 

 

 
 

 

Adjuncts to CPR 
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Termination of CPR 

 

 

 

 
Advanced Airway Placement During Resuscitation 
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Figure 3. AHA 2025 GL on CPR. Adult Basic Life Support Algorithm for Health Care 

Professionals 

 

AED indicates automated external defibrillator; ALS, advanced life support; and CPR, 

cardiopulmonary resuscitation. 
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Figure 4. AHA 2025 GL on CPR. Adult Foreign-Body Airway Obstruction Algorithm. 
 

BLS indicates basic life support; CPR, cardiopulmonary resuscitation; and FBAO, foreign-body airway 

obstruction. 
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Figure 5. AHA 2025 GL on CPR. Adult Cardiac Arrest Circular Algorithm. 
 

CPR indicates cardiopulmonary resuscitation; ET, endotracheal; IO, intraosseous; IV, intravenous; 

pVT, pulseless ventricular tachycardia; and VF, ventricular fibrillation. 
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Figure 6. AHA 2025 GL on CPR. Adult Cardiac Arrest Algorithm. 
 

CPR indicates cardiopulmonary resuscitation; ET, endotracheal; IO, intraosseous; IV, intravenous; 

PEA, pulseless electrical activity; pVT, pulseless ventricular tachycardia; and VF, ventricular 

fibrillation. 
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Figure 7. AHA 2025 GL on CPR. ALS Termination of Resuscitation Rule 

 

ALS indicates advanced life support; and CPR, cardiopulmonary resuscitation. 

 

 

 

 

 

 

 

 

 
 

Figure 8. AHA 2025 GL on CPR. BLS/Universal Termination of Resuscitation Rule 

 
AED indicates automated external defibrillator; and BLS, basic life support. 
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Figure 9. AHA 2025 GL on CPR. Schematic representation of ALS recommendations for 

use of advanced airways during CPR. 
 

*Frequent experience or frequent retraining is recommended for health care professionals who perform 

endotracheal intubation. ALS indicates advanced life support; CPR, cardiopulmonary resuscitation; and 

EMS, emergency medical services. 
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Figure 10. AHA 2025 GL on CPR. Adult Tachyarrhythmia With a Pulse Algorithm. 
 

CHF indicates congestive heart failure; ECG, electrocardiogram; IV, intravenous; NS, normal saline; 

and VT, ventricular tachycardia. 
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Figure 11. AHA 2025 GL on CPR. Electrical Cardioversion Algorithm. 
 

 

IV indicates intravenous; and VT, ventricular tachycardia. 
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Table 3. Cardiac arrest Survivors 

 

ACC/AHA/HRS 2017 GL on VA/SCD. Recommendations for evaluation of sudden 

cardiac arrest survivors 
 

 

Diagnostic evaluation 

The investigation of a SCA survivor without obvious extra-cardiac cause to  I B 

be overseen by a multidisciplinary team. 

 

Coronary angiography in electrically unstable patients after SCA, with   I C 

suspicion of ongoing myocardial ischaemia. 

 

In SCA survivors, brain/chest CT scan when patient characteristics, ECG, and  IIa C 

echocardiography are not consistent with a cardiac cause. 

 

In SCA survivors, collection of blood samples at presentation for potential  I B 

toxicology and genetic testing. 

 

Retrieval of recordings from CIEDs and wearable monitors for all SCA survivors. I B 

 

In SCA survivors, repeated 12-lead ECGs during stable rhythm (including high  I B 

precordial lead ECG), as well as continuous cardiac monitoring. 

 

Echocardiography for evaluation of cardiac structure and function in all SCA survivors. I C 

 

Coronary imaging and CMR with LGE for evaluation of cardiac structure  I B 

and function in all SCA survivors without a clear underlying cause. 

 

Sodium channel blocker test and exercise testing in SCA survivors without a clear I B 

underlying cause. 

 

In SCA survivors, ergonovine, acetylcholine, or hyperventilation testing for the  IIb B 

diagnosis of coronary vasospasm. 

 

CIEDs, cardiac insertable electronic devices; CMR, cardiac magnetic resonance; CT, 

computed tomography; ECG, electrocardiogram; LGE, late gadolinium enhancement; 

SCA, sudden cardiac arrest. 
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Table 4. ESC 2022 GL on VA and SCD. Recommendations for evaluation of sudden 

cardiac arrest survivors 
 

 

Diagnostic evaluation 

 

The investigation of a SCA survivor without obvious extra-cardiac cause   I B 

to be overseen by a multidisciplinary team. 

 

Coronary angiogram in electrically unstable patients after SCA, with   I C 

suspicion of ongoing myocardial ischaemia. 

 

In SCA survivors, brain/chest CT scan  when patient characteristics, ECG, and  IIa C 

echocardiography are not consistent with a cardiac cause. 

 

In SCA survivors, collection of blood samples at presentation for potential  I B 

toxicology and genetic testing. 

 

Retrieval of recordings from CIEDs and wearable monitors for all SCA   I B 

survivors. 

 

In SCA survivors, repeated 12-lead ECGs during stable rhythm (including high   I B 

precordial lead ECG), as well as continuous cardiac monitoring. 

 

Echocardiography for evaluation of cardiac structure and function in all SCA survivors. I C 

 

Coronary imaging and CMR with LGE for evaluation of cardiac structure  I B 

and function in all SCA survivors without a clear underlying cause. 

 

 

Sodium channel blocker test and exercise testing in SCA survivors without a clear I B 

underlying cause. 

 

In SCA survivors, ergonovine, acetylcholine, or hyperventilation testing   IIb B 

for the diagnosis of coronary vasospasm. 

 

CIEDs, cardiac insertable electronic devices; CMR, cardiac magnetic resonance; CT, computed tomography; ECG, 

electrocardiogram; LGE, late gadolinium enhancement; SCA, sudden cardiac arrest. 
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Figure 12. ESC 2022 GL on VA and SCD. Algorithm for the evaluation of sudden cardiac 

arrest survivors (Part1 and Part 2). 
 

a The 2017 ESC Guidelines for the management of acute myocardial infarction in patients presenting 

with ST-segment elevation. 

b Rule out SHD according to patient age and characteristics; QT duration needs to be reassessed 

several days after arrest. 

c Consider cardiac CT/CAG depending on patient characteristics and clinical context.  

d Left ventricular function on echocardiogram needs to be reassessed several days after arrest to 

exclude stunning as cause of systolic dysfunction.  

e In case of high clinical suspicion (typical symptoms and transient ST elevation 

during monitoring), it can be considered to test for coronary vasospasm earlier. 

 

AF, atrial fibrillation; CAD, coronary artery disease; CAG, coronary angiogram; CMR, cardiac magnetic 

resonance; CT, computed tomography; ECG, electrocardiogram; LGE, late gadolinium enhancement; N, No; SCA, 

sudden cardiac arrest; SHD, structural heart disease; SMVT, sustained monomorphic ventricular tachycardia; 

STEMI, ST elevation myocardial infarction; 

VF, ventricular fibrillation; Y, Yes.  
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Table 5. Acute management of ventricular arrhythmias 

 

ESC 2022 GL on VA and SCD.  

 

Recommendations for treatment of reversible conditions 

Withdrawal of offending agents whenever drug-induced VAs are suspected.  I B 

 

Investigation for reversible causes (e.g. electrolyte imbalances, ischaemia, hypoxaemia,  I C 

fever)c in patients with VA. 

 

Despite a possible correctable cause for the presenting VA, consider the need for  IIa C 

ICD implantation based on an individual evaluation of the risk of subsequent VA/ SCD. 

 

ICD, implantable cardioverter defibrillator; SCD, sudden cardiac death; VA, ventricular arrhythmia. 

 

 

Recommendations for the acute management of sustained ventricular tachycardia 

DC cardioversion for haemodynamically not-tolerated SMVT.    I B 

 

 

DC cardioversion for tolerated SMVT provided that the anaesthetic/ sedation risk is low. I C 

 

In haemodynamically tolerated idiopathic VT,      I C 

intravenous beta-blocker (RVOT VT) or verapamil (fascicular VT). 

 

In regular haemodynamically tolerated wide QRS complex    IIa C 

tachycardia suspected for SVT, administration of adenosine or vagal manoeuvres. 

 

In haemodynamically tolerated SMVT and known or suspected SHD,   IIa B 

intravenous procainamide. 

 

In haemodynamically tolerated SMVT in the absence of an established   IIb B 

diagnosis, intravenous amiodarone. 

 

In haemodynamically tolerated SMVT in the absence of significant SHD,  IIb C 

flecainide, ajmaline, or sotalol. 

 

Intravenous verapamil is not recommended in broad QRS complex tachycardia   III B 

of unknown mechanism. 

 

 

Recommendations for the acute management of electrical storm 

Mild to moderate sedation in patients with electrical storm to alleviate   I C 

psychological distress and reduce sympathetic tone. 

 

Antiarrhythmic therapy with beta-blockers (non-selective preferred)    I B 

in combination with intravenous amiodarone in patients with SHD and  

electrical storm unless contraindicated. 

 

Intravenous magnesium with supplementation of potassium in patients with TdP. I C 
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Isoproterenol or transvenous pacing to increase heart rate in patients with  I C 

acquired LQT syndrome and recurrent TdP 

despite correction of precipitating conditions and magnesium. 

 

Catheter ablation in patients presenting with incessant VT or electrical storm  I B 

due to SMVT refractory to AADs. 

 

Deep sedation/intubation in patients with an intractable electrical storm   IIa C 

refractory to drug treatment. 

 

Catheter ablation in patients with recurrent episodes of PVT/VF triggered by a  IIa C 

similar PVC, non-responsive to medical treatment or coronary revascularization. 

 

Quinidine in patients with CAD and electrical storm due to recurrent PVT  IIb C 

when other AAD therapy fails. 

 

Autonomic modulation in patients with electrical storm refractory to drug  IIb C 

treatment and in whom catheter ablation is ineffective or not possible. 

 

Institution of mechanical circulatory support in the management of   IIb C 

drug-refractory electrical storm and cardiogenic shock. 

 

AAD, anti-arrhythmic drug; CAD, coronary artery disease; DC, direct current; LQT, 

long QT; PVC, premature ventricular complex; PVT, polymorphic VT; RVOT, right 

ventricular outflow tract; SHD, structural heart disease; SMVT, sustained 

monomorphic ventricular tachycardia; SVT, supraventricular tachycardia; TdP, 

Torsades de pointes; VF, ventricular fibrillation; VT, ventricular tachycardia 
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AHA 2025 GL on CPR. Adult Advanced Life Support 

 

VT and VF/Wide-complex Tachycardia 

 

 
 

 

 

 

Polymorphic Ventricular Tachycardia 
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Figure 13. ACC/AHA/HRS 2017 GL on VA/SCD. Management of Sustained Monomorphic 

VT 

*Known history of verapamil sensitive or classical electrocardiographic presentation. 

ACLS indicates advanced cardiovascular life support; ECG, electrocardiogram; VA, ventricular arrhythmia; and 

VT, ventricular tachycardia. 
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Figure 14. ESC 2022 GL on VA and SCD. Algorithm for the evaluation of patients presenting 

with a first sustained monomorphic ventricular tachycardia episode.  
 

ARVC, arrhythmogenic RV cardiomyopathy; CAD, coronary artery disease; CAG, coronary 

angiography; CMR, cardiac magnetic resonance; ECG, electrocardiogram; EP, electrophysiological; 

LV, left ventricular; N, No; PET-CT, positron emission tomography and computed tomography; PVC, 

premature ventricular complex; RV, right ventricular; SCD, sudden cardiac death; SHD, structural 



 33 

heart disease; SMVT, sustained monomorphic ventricular tachycardia; VT, ventricular tachycardia; Y, 

Yes.  
a ECG morphology suggestive of RV outflow tract or fascicular origin, negative family history, normal 

12-lead ECG, and echocardiogram.  
b e.g. Q waves, QRS fragmentation, ST/T abnormalities, wall motion abnormalities in coronary 

territories. 

 c e.g. atrioventricular (AV) conduction abnormalities, Q waves, broad QRS complex, T-wave 

inversion, abnormally high or low voltages. Ventricular dysfunction/dilatation/hypertrophy/ 

wall thinning/wall motion abnormalities/diffuse hypokinesia. dDiagnostic test to exclude CAD 

according to patient profile and symptoms. 
e According to revised task force criteria. 
f e.g. AV conduction abnormalities, abnormally high or low voltages, broad QRS, ST/T wave 

deviations, LV dilatation and dysfunction, late gadolinium enhancement with non-ischaemic 

distribution.  

g e.g. AV conduction abnormalities, broad QRS, ST/T deviations, multifocal PVCs, inflammatory 

hyperaemia and oedema, fibrosis, LV and RV systolic dysfunction, pericardial effusion. 
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Figure 15. ESC 2022 GL on VA and SCD. Management of patients with electrical storm or 

repeated implantable cardioverter defibrillator discharges (Parts 1-3) 

 

AAD, antiarrhythmic drug; AF, atrial fibrillation, ALS, Advanced life support; CPVT, 

catecholaminergic polymorphic ventricular tachycardia; ERS, early repolarization syndrome; ICD, 

implantable cardioverter defibrillator; N, No; PVC, premature ventricular complex; STEMI, ST-

elevation myocardial infarction; SVT, supraventriculartachycardia; VA, ventricular arrhythmia; VF, 

ventricular fibrillation; Y, Yes. aSpecial aspects of device therapy section. bNo data on effect of 

quinidine on PVC-triggered polymorphic VAs in patients with cardiomyopathies. cHigh VA burden 

refers to a clinical scenario of very frequent VA episodes requiring ICD shocks, when only short 

periods of stable rhythm can be achieved. Low VA burden refers to a clinical scenario of repeated 

ATPs/ICD shocks followed by stable rhythm. dIf bradycardia or post-extrasystolic pauses facilitate 

initiation of PVT/VF. eOverdrive pacing (by pacing with a slightly higher rate than the baseline 

rhythm) can be useful to temporarily suppress slow recurrent/incessant VT. 
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Table 6. Investigations in patients with ventricular arrhythmias 

 

ACC/AHA/HRS 2017 GL on VA/SCD.  

 

History and physical examination 

Hospitalize patients presenting with syncope for which VA is documented,  I-B-NR 

 or thought to be a likely cause, for evaluation, monitoring, and management  

 

Noninvasive evaluation 

12-lead ECG and Exercise Testing 

12-lead ECG during with sustained, hemodynamically stable, wide complex  I-B-NR 

tachycardia 

 

Exercise treadmill testing in VA symptoms associated with exertion, suspected ischemic I-B-NR 

heart disease, or catecholaminergic polymorphic VT. 

 

12-lead ECG during sinus rhythm in suspected or documented VA.   I-B-NR 

 

Ambulatory electrocardiography 

To evaluate whether symptoms, including palpitations, presyncope, or syncope,   I-B-NR 

are caused by VA 

 

Implanted cardiac monitors  

In sporadic symptoms (including syncope) suspected to be related to VA  IIa-B-R 

 

Noninvasive cardiac imaging 

Echocardiography in known or suspected VA that may be associated with  I-B-NR 

underlying structural heart disease or a risk of SCA. 

 

Cardiac magnetic resonance imaging or computed tomography    IIa-C-EO 

to detect and characterize underlying structural heart disease. 

 

Biomarkers 

BNP or N-terminal pro-BNP in patients with structural heart disease   IIa-B-NR 

 

Genetic considerations 

Genetic counseling in patients and family members in whom genetic testing   I-C-EO 

for SCA or SCD is recommended 
 

 

Invasive testing 

Invasive Cardiac Imaging: Cardiac Catheterization or CT Angiography 

CT or invasive coronary angiography in patients who have recovered    I-C-EO 

from unexplained SCA.  

 

Electrophysiological study 

In ischemic cardiomyopathy, NICM, or adult congenital heart    IIa-B-R 

disease with syncope or other VA symptoms and no 

indications for a primary prevention ICD,  for the risk of sustained VT. 
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Not indicated in patients who meet criteria for ICD implantation.   III-B-R 

No benefit 

 

Not recommended in long QT syndrome, catecholaminergic    III-B-R   

polymorphic ventricular tachycardia, short QT syndrome,    No benefit 

or early repolarization syndromes. 

 

ESC 2022 GL on VA and SCD. Recommendations for evaluation of patients presenting 

with newly documented ventricular arrhythmia. 

 

In patients with newly documented VA (frequent PVCs, NSVT, SMVT),   I C 

a baseline 12-lead ECG, recording of the VA on 12-lead ECG, whenever 

possible, and an echocardiogram as first-line evaluation. 

 

A CMR in patients with newly documented VA (frequent PVCs, NSVT, SMVT)  IIa B 

and suspicion of SHD other than CAD after initial evaluation,. 

 

A ≥24 h Holter ECG In patients with an incidental finding of a NSVT.   IIa C  

 

CAD, coronary artery disease; CMR, cardiac magnetic resonance; ECG, electrocardiogram; NSVT, non-sustained 

ventricular tachycardia, PVCs, premature ventricular contractions; SHD, structural heart disease; SMVT, sustained 

monomorphic ventricular tachycardia; VA, ventricular arrhythmia 

 

ESC 2022 GL on VA and SCD. Recommendations for evaluation of patients presenting 

with a first episode of sustained monomorphic ventricular tachycardia 
 

In patients presenting with a first SMVT episode, electrophysiological study,  IIb C 

Electroanatomical mapping, and mapping-guided biopsies ma for aetiological evaluation. 

 

 

Table 7. ECG Score for Risk of Sudden Arrhythmic Death 

 

ECG Score    Points 

 

Contiguous Q wave  1 

 

QRS duration 

80-100 ms   1 

>110 ms   2 

 

LV hypertrophy   1 

 

Prolonged JTc (>=360 ms) 1 

 

Low Risk:    0-1  

 

Moderate Risk:    2  

 

High Risk:   >= 3  
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Chatterjee NA, et al. Simple electrocardiographic measures improve sudden arrhythmic death prediction in 

coronary disease. Eur Heart J. 2020;41:1988-1999. 

 

Table 8. ESC 2022 GL on VA and SCD. Recommendations for genetic testing 

 

Genetic testing when a condition is diagnosed in a living or deceased individual with  I B 

a likely genetic basis and a risk of VA and SCD. 

 

When a putative causative variant is first identified,      I C 

evaluation for pathogenicity using an internationally accepted framework. 

 

When a Class IV or Class V variant has been      I C 

identified in a living or deceased individual with a 

condition that carries a risk of VA and SCD, 

genetic testing of first-degree and symptomatic 

relatives and obligate carriers. 

 

Genetic testing and counselling on its potential consequences should    I C 

be undertaken by an expert multidisciplinary team. 

 

Class III (variants of uncertain significance) and Class IV variants should   I C 

be evaluated for segregation in families where possible, and the variant re-evaluated periodically. 

 

It is not recommended to undertake genetic testing in index patients with insufficient evidence     III C 

of a genetic disease. 

 

SCD, sudden cardiac death; VA, ventricular arrhythmia 

 

 

 

Table 9. Long-term Management 

 

ESC 2022 GL on VA and SCD. Recommendations for treatment with heart failure 

medication 
 

Optimal medical treatment including ACE-I/ARB/ ARNIs, MRAs, beta-blockers,  I A 

and SGLT2 inhibitors in all heart failure patients with reduced EF. 

 

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNIs, angiotensin receptor 

neprilysin inhibitor; EF, ejection fraction; MRA, mineralocorticoid receptor antagonists; SGLT2, sodium–glucose 

co-transporter 2. 
 

 

 



 38 

 
 

Figure 15. ESC 2022 GL on VA and SCD. Algorithm for evaluation before initiation and 

follow-up of patients requiring sodium channel blocking agents.  
ahttp://www.brugadadrugs.org.  
bFlecainide, encainide. 
cCo-administration of drugs with AV nodal blocking effect in patients with atrial fibrillation or atrial 

flutter.  
dIn implantable cardioverter defibrillator carriers, a higher risk of drug-induced pro-arrhythmia might 

be accepted.  
eAccording to the 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation 
fA ΔQRS .25% is not an absolute cut-off value but dependent on QRS width before drug initiation and 

individualized patient risk–benefit considerations               

AV, atrioventricular; BBB, bundle branch block; ECG, electrocardiogram; LV, left ventricular; MI, myocardial 

infarction; N, No; Y, Yes.  
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Figure 16. ESC 2022 GL on VA and SCD. Algorithm for evaluation before initiation and 

follow-up of patients requiring drugs associated with QT prolongation.  

 
 

ECG, electrocardiogram; LV, left ventricular; N, No; Y, Yes.  

 
a http://www.crediblemeds.org.  
b If strong indication and no alternative treatment, consult a specialist.  
c According to the 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation. 
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Table 10. Anti-arrhythmic drugs for Ventricular arrhythmias 

 

ACC/AHA/HRS 2017 GL on VA/SCD. Pharmacological Characteristics of Available 

Antiarrhythmic Medications for Treating VA 
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ESC 2022 GL on VA and SCD. Anti-arrhythmic drugs (acute and chronic treatment) 
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ACS, acute coronary syndrome; AF, atrial fibrillation; AV, atrioventricular; BrS, Brugada syndrome; CPVT, 

catecholaminergic polymorphic ventricular tachycardia; CrCl, creatinine clearance; ECG, electrocardiogram; ERS, 

early repolarization syndrome; HCM, hypertrophic cardiomyopathy; LQTS, long QT syndrome; LV, left 

ventricular; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; MI, myocardial infarction; 

MVT, monomorphic ventricular tachycardia; PVC, premature ventricular complex; SHD, structural heart disease; 

SQTS, short QT syndrome; TdP, torsades de pointes; VF, ventricular fibrillation; VT, ventricular tachycardia; 

WPW, Wolff–Parkinson–White. 

 
a Precaution with concomitant conditions or drugs that prolong QT interval. Should be discontinued if 

QTc >500 ms. See Algorithm for evaluation before initiation and follow-up of patients requiring drugs 

associated with QT prolongation. 
b If ajmaline not available. 
c Subacute MI, multifocal ectopic Purkinje-related premature contractions, ERS, idiopathic VF. 
d Proarrhythmic side effects require strong indication in patients without ICD. 
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Table 11. ICD: General principles 

 

ESC 2022 GL on VA and SCD.  

 

Recommendations for implantable cardioverter defibrillator implantation (general aspects) 

Implantation of a cardioverter defibrillator is only     I C 

recommended in patients who have anexpectation of good quality survival >1 year. 

 

It is not recommended to implant an ICD in patients with incessant VAs until the VA is III C 

controlled. 

 

ICD, implantable cardioverter defibrillator; VA, ventricular arrhythmia. 

 

Recommendations for secondary prevention of sudden cardiac death 

ICD implantation in patients with documented VF or haemodynamically  I A 

not-tolerated VT in the absence of reversible causes. 

 

In patients with VT/VF, an indication for ICD, and no contraindication for amiodarone, IIb C 

Amiodarone when an ICD is not available, contraindicated for concurrent medical  

reasons, or declined by the patient. 

 

In patients with SMVT or SPVT/VF triggered by aPVC with similar morphology  IIb C 

and an indication for ICD, catheter ablation when an ICD is not available,  

contraindicated for concurrent medical reasons, or declined by the patient. 

 

PVC, premature ventricular complex; SMVT, sustained monomorphic VT; SPVT, sustained polymorphic VT; VF, 

ventricular fibrillation; VT, ventricular tachycardia. 

 

Recommendations for subcutaneous implantable cardioverter defibrillator 

Subcutaneous defibrillator as an alternative to transvenous defibrillator in  IIa B 

patients with an indication for an ICD when pacing therapy for bradycardia, cardiac 

resynchronization, or ATP is not needed. 

 

ATP, anti-tachycardia pacing 

 

Recommendations for adding cardiac resynchronization therapy to implantable cardioverter 

defibrillator 

When an ICD is indicated,  evaluate whether the patient could benefit from  I C 

CRT-defibrillator. 

 

CRT, cardiac resynchronization therapy 

 

Recommendations for wearable cardioverter defibrillator 

WCD for adult patients with a secondary prevention ICD indication, who  IIa C 

are temporarily not candidates for ICD implantation. 

 

WCD in the early phase after MI in selected patients.     IIb B 

 

ICD, implantable cardioverter defibrillator; WCD, wearable cardioverter defibrillator. 

aClass of recommendation. 
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Recommendations for concomitant treatment to avoid inappropriate implantable 

cardioverter defibrillator therapy 

Catheter ablation for ICD patients with recurrent SVT resulting in   I C 

inappropriate ICD therapies. 

 

Pharmacological treatment or catheter ablation  in patients with AF-related  I C 

inappropriate ICD therapies despite optimal ICD programming. 

 

AF, atrial fibrillation; SVT, supraventricular tachycardia. 

 

 

Recommendations for psychosocial management after implantable cardioverter defibrillator 

implantation 

Assessment of psychological status and treatment of distress is recommended in ICD I C 

patients. 

 

Communication between patient and physician/ healthcare professional   I C 

is recommended to address ICD-related concerns and to discuss 

quality-of-life issues before ICD implantation and 

during disease progression. 

 

Recommendations for implantable cardioverter defibrillator implantation in left ventricular 

assist device recipients 

ICD implantation in LVAD recipients with       IIa B 

symptomatic sustained VAs. 

 

LVAD, left ventricular assist devices 

 

 

Recommendations for prevention of implantable cardioverter defibrillator complications 

Single-chamber ICD over dual-chamber ICD in primary prevention patients 

without current or expected indication for atrial or atrioventricular sequential pacing  I A 

due to a lower risk of device-related complications. 

 

Use of single-coil leads over dual-coil ICD leads due to lower    IIa C 

complication rate during transvenous lead extraction. 

 

Recommendations for end-of-life issues in implantable cardioverter defibrillator carriers 

Informed discussion with patient and family about ICD deactivation options and shared I C 

decision-making prior to implantation and in case of significant health status deterioration. 

 
 

 

ACC/AHA/HRS 2017 GL on VA/SCD.  

 

Terminal Care 

At the time of ICD implantation or replacement, and during advance care I-C-EO 

planning, patients should be informed that their ICD shock therapy can be 

deactivated at any time if it is consistent with their goals and preferences. 

 

In patients with refractory HF symptoms, refractory sustained VA, or nearing I-C-EO 

the end of life from other illness, clinicians should discuss ICD shock 
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deactivation and consider the patients’ goals and preferences. 

 

 

Shared decision-making. 

In patients with VA or at increased risk for SCD, clinicians should adopt a  I-B-NR 

shared decision-making approach in which treatment decisions are based not 

only on the best available evidence but also on the patients’ health goals, 

preferences, and values. 

 

Patients considering implantation of a new ICD or replacement of an existing  I-B-NR 

ICD for a low battery should be informed of their individual risk of SCD and 

nonsudden death from HF or noncardiac conditions and the effectiveness, 

safety, and potential complications of the ICD in light of their health goals, 

preferences and values. 

 

 

Subcutaneous Implantable Cardioverter-Defibrillator  

In patients who meet criteria for an ICD who have inadequate vascular   I-B-NR 

access or are at high risk for infection, and in whom pacing for bradycardia 

or VT termination or as part of CRT is neither needed nor anticipated. 

 

In patients who meet indication for an ICD,       IIa-B-NR 

if pacing for bradycardia or VT termination or as part of CRT  

is neither needed nor anticipated. 

 

In patients with an indication for bradycardia pacing or CRT, or for whom  III-B-NR 

antitachycardia pacing for VT termination is required, a subcutaneous ICD   (Harm) 

should not be implanted 

 

 

Wearable Cardioverter Defibrillator  

In patients with an ICD and a history of SCA or sustained VA in whom   IIa-B-NR 

removal of the ICD is required (as with infection). 

 

In patients at an increased risk of SCD but who are not ineligible for an ICD,  IIb-B-NR 

such as awaiting cardiac transplant, having an LVEF of 35% or less and are 

within 40 days from an MI, or have newly diagnosed NICM, revascularization 

within the past 90 days, myocarditis or secondary cardiomyopathy or a 

systemic infection. 
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Table 12. Specific therapies 

 

 

ACC/AHA/HRS 2017 GL on VA/SCD.  

 

Autonomic Modulation 

Bet blockers in symptomatic, non–life-threatening VA    IIa-C-LD 

 

Cardiac sympathetic denervation for patients with VT/VF storm in whom a beta blocker,  IIb-C-LD 

other antiarrhythmic medications, and catheter ablation are ineffective,  

not tolerated, or not possible. 

 

Special Considerations for Catheter Ablation 

Catheter ablation is useful for reducing the risk of recurrent VT and ICD shocks  I-C-LD 

in bundle-branch reentrant VT 

 

Epicardial catheter ablation in patients with structural heart disease    IIa-B-NR 

who have failed endocardial catheter ablation. 

 

 

 

 
Figure 17. Entrainment responses from components of reentrant VT circuit. 

 

CL 5 cycle length; PPI 5 postpacing interval; VT 5 ventricular tachycardia. 

 

Cronin EM, Bogun FM, Maury P, et al. 2019 HRS/EHRA/APHRS/LAHRS expert consensus statement on catheter 

ablation of ventricular arrhythmias: Executive summary. Heart Rhythm. 2020;17(1):e155-e205. 
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Table 13. Management of patients with nonsustained VT 
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Table 14. ESC 2020 GL on Sports. Recommendations for exercise in individuals with 

premature ventricular contractions or non-sustained ventricular tachycardia 

 

Thorough evaluation (including a detailed family history) to exclude underlying  I C 

structural or arrhythmogenic conditions in exercising individuals with >_2 PVCs  

on a baseline ECG (or >_1 PVC in the case of high-endurance athletes) 

 

Among individuals with frequent PVCs and nonsustained    I C 

VT a thorough investigation with Holter monitoring, 12-lead ECG, exercise test, 

and suitable imaging  

 

All competitive and leisure-time sports activities are permitted, with periodic  I C 

re-evaluation in individuals without familial or structural underlying disease. 

 

ECG = electrocardiogram; PVC = premature ventricular contractions; VT = ventricular 

tachycardia. 
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Figure 18. ESC 2022 GL on VA and SCD. Algorithm for the evaluation of patients 

presenting with an incidental finding of non-sustained ventricular tachycardia. 
 

CAD, coronary artery disease; CMR, cardiac magnetic resonance; ECG, electrocardiogram; N, No; 

NSVT, non-sustained ventricular tachycardia; PVC, premature ventricular complex; SCD, sudden 

cardiac death; SHD, structural heart disease; Y, Yes.  
a ECG morphology suggestive of RVOT or fascicular origin, negative family history, normal 12-lead 

ECG, and echocardiogram.  
b e.g. atrioventricular conduction abnormalities,Qwaves, broad QRS complex, ST/T waves deviations, 

abnormally high or low voltages. Ventricular dysfunction/dilatation/hypertrophy/wall thinning, wall 

motion abnormalities, multitopic PVCs/NSVTs/increasing ventricular arrhythmia (VA) burden with 

exercise.  
c e.g. Brugada pattern, long/short QT, polymorphic/bidirectional VA with exercise.  
d Diagnostic test to exclude CAD according to patient profile and symptoms. 

 e Consider re-evaluation in case of new symptoms or changes in patient clinical condition. 

 

 

 

 

 

 



 54 

 
 

Figure 19. Clinical approach to the patient with NSVT. 

 

(CAD: coronary artery disease, CPVT: catecholaminergic polymorphic ventricular tachycardia, LQTS: long QT 

syndromes) 

 

Katritsis D, et al. Non-sustained ventricular tachycardia. JACC 2012;60:1993-2004. 
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Figure 20.  Twelve-lead electrocardiogram morphology of different sites of origin in 

idiopathic ventricular tachycardia  

(RVOT, right ventricular outflow tract; RCC, right coronary cusp; R–L com, right–left coronary cusp 

commissure; LCC, left coronary cusp; AMC, aortomitral continuity; TV, tricuspid annulus; MV, mitral 

annulus; APM, anterior PAP; PPM, posterior PAP; LPF, left posterior fascicle; LAF, left anterior 

fascicle; GCV, greater cardiac vein; AIV, anterior inter-ventricular vein). 

 

Tanawuttiwat T, et al. Eur Heart J 2016;37:594-609 
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Table 15. Ventricular arrhythmias in the structurally normal heart 

 

ACC/AHA/HRS 2017 GL on VA/HRS.  

 

VA in the structurally normal heart. 

Beta blocker or nondihydropyradine calcium channel blocker in symptomatic PVCs  I-B-R 

to reduce recurrent arrhythmias and improve symptoms 

 

In symptomatic VA, antiarrhythmic medication to reduce recurrent arrhythmias    IIa-B-R 

and improve symptoms if beta blockers and  

nondihydropyradine calcium channel blockers are ineffective or not tolerated 

 

 

Outflow Tract and Atrioventricular Annular VA 

Catheter ablation for symptomatic outflow tract VA when  antiarrhythmic medications  I-B-NR 

are ineffective, not tolerated, or not the patient’s preference. 

 

Beta blocker or calcium channel blocker  for symptomatic outflow tract VT   I-B-NR 

in an otherwise normal heart. 

 

Papillary Muscle VA (PVCs and VT) 

Catheter ablation for symptomatic VA arising from the papillary muscles   I-B-NR 

when antiarrhythmic medications are ineffective, not tolerated, or not the 

patient’s preference. 

 

Interfascicular Reentrant VT (Belhassen Tachycardia) 

Catheter ablation for verapamil-sensitive, idiopathic LVT related to interfascicular I-B-NR 

reentry when antiarrhythmic medications are ineffective, not tolerated, or not the 

patient’s preference. 

 

IV verapamil for termination sustained hemodynamically tolerated verapamil-sensitive, I-B-NR 

idiopathic LVT related to interfascicular reentry. 

 

Oral verapamil for recurrent verapamil-sensitive idiopathic LVT   IIa-C-LD 

 

PVC-induced cardiomyopathy 

Catheter ablation for patients who require arrhythmia suppression for symptoms   I-B-NR 

or declining ventricular function suspected to be due to frequent PVCs  

(generally >15% of beats and predominately of 1 morphology) and for whom  

Antiarrhythmic medications are ineffective, not tolerated, or not the patient’s preference. 

 

Pharmacological treatment (e.g., beta blocker, amiodarone) PVC-induced   IIa-B-NR 

cardiomyopathy to reduce recurrent arrhythmias and improve symptoms  

and LV function. 
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Table 16. ESC 2022 GL on VA and SCD. Recommendations for the management of 

patients with idiopathic premature ventricular complexes/ventricular tachycardia 

 

General recommendations 

Regular assessment of ventricular function of patients with PVC burden >10% and normal I C 

ventricular function is indicated. 

 

CMR despite a normal echocardiogram in patients with PVCs/VT and a   IIa C 

presentation not typical for an idiopathic origin,a 

 

Treatment 

Catheter ablation as first-line treatmente for symptomatic idiopathic VT/  I B 

PVCs from the RVOT or the left fascicles.b 

 

Beta-blockers or non-dihydropyridine CCBs in symptomatic patients with idiopathic I C 

VT/PVCs from an origin other than the RVOT or the left fascicles. 

 

Beta-blockers, non-dihydropyridine CCBs, or flecainide when catheter   IIa B 

ablation is not available, desired, or is particularly risky in symptomatic patients  

with idiopathic VT/PVCs from the RVOT or the left fascicles. 

 

Catheter ablation or flecainide in symptomatic patients with    IIa C 

idiopathic VT/PVCs from an origin other than the RVOT or the left fascicles. 

 

Catheter ablation for idiopathic VT/PVCs in asymptomatic patients with  IIb B 

repeatedly more than 20% of PVCs per day at follow-up. 

 

Catheter ablation of idiopathic VT/PVCs is not recommended in children <5 years  III C 

of age or <10 kg weight except when previous medical therapy fails or when VT is not 

haemodynamically tolerated. 

 

Amiodarone as a first-line treatment is not recommended in patients with idiopathic  III C 

VTs/PVCs. 

 

Verapamil is not recommended in children <1 year of agewith PVC/VT,   III C 

particularly if they have signs of heart failure or concurrent use of other AADs. 

 

AAD, anti-arrhythmic drug; CCB, calcium channel blocker; CMR, cardiac magnetic 

resonance; PVC, premature ventricular complex; RVOT, right ventricular outflow tract; 

SMVT, sustained monomorphic ventricular tachycardia; VT, ventricular tachycardia. 

 
a Including but not limited to older age, right bundle branch block (RBBB) morphology, 

SMVT consistent with re-entry. 
b Level of evidence C for VT/PVCs from left fascicles. 
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Table 17. ESC 2022 GL on VA and SCD. Summary of the recommendations for the 

treatment of patients with frequent idiopathic premature ventricular 

complexes/ventricular tachycardia or premature ventricular complex-induced 

cardiomyopathy. 
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Figure 21. ESC 2022 GL on VA and SCD. Algorithm for the management of patients with 

idiopathic premature ventricular complexes/ventricular tachycardia and non-apparent 

structural heart disease.  

 

CCB, calcium channel blocker; CMR, cardiac magnetic resonance; ECG, electrocardiogram; LVEF, left 

ventricular ejection fraction; N, No; PVC, premature ventricular complex; RVOT, right ventricular outflow tract; 

SHD, structural heart disease; VT, ventricular tachycardia; Y, Yes.  

 
a Non-apparent SHD is defined by lack of significant abnormalities in physical examination, basal 

ECG, and echocardiogram.  
b Atypical presentation: e.g. older age, right bundle branch block morphology, sustained monomorphic 

VT consistent with re-entry.  
c Symptoms should be relevant and related to PVC/VT.  
d Origin suspected by ECG or confirmed during electrophysiological evaluation. eConsider re-

evaluation in case of new symptoms or changes in patient clinical condition. 
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Table 18. Idiopathic VF 

 

ACC/AHA/HRS 2017 GL on VA/HRS. Idiopathic Polymorphic VT/VF 

 

Evaluation for genetic arrhythmia syndromes  in young patients (<40 years of age)  I-B-NR 

with unexplained SCA, unexplained near drowning, or recurrent exertional syncope,  

who do not have ischemic orother structural heart disease. 

 

ICD* in patients resuscitated from SCA due to idiopathic polymorphic VT or VF. I-B-NR 

 

Catheter ablation  for recurrent episodes of idiopathic VF initiated by PVCs with a I-B-NR 

consistent QRS morphology. 

 

*: If meaningful survival greater than 1 year is expected 

 

ESC 2022 GL on VA and SCD. Recommendations for the management of patients with 

idiopathic ventricular fibrillation 
 

Diagnostic evaluation 

Idiopathic VF is diagnosed in a SCA survivor, preferably with documentation  I B 

of VF, after exclusion of an underlying structural, channelopathic, metabolic,  

or toxicological aetiology. 

 

Clinical testing (history, ECG and high precordial lead ECG, exercise test,   IIb B 

echocardiogram) of first-degree family members of idiopathic VF patients. 

Genetic testing of genes related to channelopathy and cardiomyopathy.   IIb B 

 

Secondary prevention of SCD and treatment of VA  

ICD implantation in idiopathic VF.       I B 

 

Isoproterenol infusion, verapamil, or quinidine for acute treatment    IIa C 

of an electrical storm  or recurrent ICD discharges in idiopathic VF. 

 

Quinidine should be considered for chronic therapy to suppress an electrical storm or IIa B 

recurrent ICD discharges in idiopathic VF. 

 

Catheter ablation by experienced electrophysiologists in idiopathic VF patients   IIa C 

with recurrent episodes of VF triggered by a similar PVC non-responsive to 

medical treatment. 

 

ECG, electrocardiogram; ICD, implantable cardioverter defibrillator; PVC, premature 

ventricular complex; SCA, sudden cardiac arrest; SCD, sudden cardiac death; VA, 

ventricular arrhythmia; VF, ventricular fibrillation. 
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Figure 22. ESC 2022 GL on VA and SCD. Algorithm for the management of patients with 

idiopathic ventricular fibrillation. 

 

 ICD, implantable cardioverter defibrillator; PVC, premature ventricular complex. 
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Figure 23. Localization of the origin of scar-related VT. 

 

Left panel: The QRS axis–based algorithm. The figure shows the 17-segment model from the 

American Heart Association superimposed on a representation of the QRS axis and all the limb leads. 

Steps to identify the segment of origin of a ventricular arrhythmia: (1) Identify the limb lead with the 

highest voltage magnitude (positive or negative). If this magnitude is in lead I, II, or III, analyze the 

adjacent leads. The adjacent limb lead with higher magnitude will determine the group of 

segments suggested as a possible site of origin. (2) Identify the positivity or negativity of the precordial 

leads V3 and V4; concordance indicates a basal or apical origin, respectively. Other combinations 

indicate a medial origin. 

 

Right panel: Example of the application of the QRS axis–based algorithm. A: An ECG of VT. B: The 

application of the QRS axis–based graphical algorithm. In the ECG of panel A, the lead with the 

highest voltage magnitude is III2. Applying the first step of the algorithm, the segment of origin of 

VT is one of the groups selected by the red circle. By analyzing the voltage magnitude of the adjacent 

leads of III2 (aVF2 and aVL1), it is possible to determine that aVF2 has more voltage magnitude than 

aVL1. As a result, the group of segments selected by the algorithm is the one marked with 

the blue circle. The last step of the algorithm (positivity or negativity in leads V3 and V4) indicates a 

basal origin of VT (leads V3 and V4 are both more positive than negative). The final selected segment 

by the algorithm is 4, marked with the green circle. ECG 5 electrocardiogram; VT 5 ventricular 

tachycardia. 

 

Andreu D, et al. A QRS axis-based algorithm to identify the origin of scar-related ventricular tachycardia in the 

17-segment American Heart Association model. Heart Rhythm. 2018;15:1491-1497. 

 

 

 

 

 

 

 

 

 



 63 

 

Table 19. ACC/AHA/HRS 2017 GL on VA/SCD. Ischaemic heart disease. 

 

Surgery and Revascularization Procedures in Patients With Ischemic Heart Disease 

Evaluated for ischemic heart disease, and revascularize     I-B-NR 

patients with sustained VA and survivors of SCA  

 

Repair or revascularization in anomalous origin of a coronary artery suspected to be the I-C-EO 

cause of SCA 

 

Surgery for Arrhythmia Management 

Surgical ablation in monomorphic VT refractory to antiarrhythmic medications  IIb-C-LD 

and attempts at catheter ablation. 

 

Secondary Prevention of SCD in Patients With Ischemic Heart Disease 

ICD if meaningful survival greater than 1 year is expected in: 

 

Survivors of SCA due to VT/VF or in hemodynamically unstable VT   I-B-R 

 

Stable VT not due to reversible causes       I-B-NR 

 

Unexplained syncope and inducible sustained monomorphic VT   I-B-NR  

 

A transvenous ICD provides intermediate value in the secondary  Value statement (B-R) 

prevention of SCD particularly when the patient’s risk of death  

due to a VA is deemed high and the risk of nonarrhythmic death  

(either cardiac or noncardiac) is deemed low based on the patient’s burden  

of comorbidities and functional status  

 

Primary Prevention of SCD in Patients With Ischemic Heart Disease 

ICD if meaningful survival of greater than 1 year is expected in: 

 

LVEF <= 35% due to ischemic heart, at least 40 days’ post-MI and at least 90 days I-A 

postrevascularization, and with NYHA class I-III HF despite GDMT. 

 

 

NSVT due to prior MI, LVEF <=40% and inducible sustained VT or VF   I-B-R 

at electrophysiological study 

 

Nonhospitalized patients with NYHA class IV who are candidates   IIa-B-NR 

for cardiac transplantation or an LVAD 

 

An ICD is not indicated for NYHA class IV patients with medication-refractory  III-C-EO 

HF who are not also candidates for cardiac transplantation, an LVAD, or a CRT  No benefit 

defibrillator that incorporates both pacing and defibrillation capabilities. 

 

A transvenous ICD provides intermediate value in the secondary Value statement (B-R) 

prevention of SCD particularly when the patient’s risk of death  

due to a VA is deemed high and the risk of nonarrhythmic death  

(either cardiac or noncardiac) is deemed low based  

on the patient’s burden of comorbidities and functional status  
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Recurrent VA in Patients With Ischemic Heart Disease 

Amiodarone or sotalol in significant symptoms or ICD shocks despite    I-B-R 

optimal device programming and treatment with a beta blocker recurrent  

 

 

Catheter ablation in prior MI and recurrent episodes of symptomatic sustained VT,    

or presentation with VT or VF storm and failure or intolerance of: 

 

amiodarone         I-B-R 

 

other antiarrhythmic medications       I-B-NR 

 

Catheter ablation in ischemic heart disease and ICD shocks for sustained  IIb-C-LD 

monomorphic VT or recurrent, hemodynamically tolerated sustained monomorphic VT 

 

In prior MI, class IC antiarrhythmic medications (e.g., flecainide   III-B-R 

and propafenone) should not be used       Harm 

 

In incessant VT or VF, an ICD should not be implanted until    III-C-LD 

sufficient control of the VA is achieved to prevent repeated ICD shocks   Harm 

 

Coronary revascularization alone is an ineffective therapy to prevent   III-C-LD 

recurrent sustained monomorphic VT      No benefit 

 

 

 

ACC/AHA/SCAI 2021 GL on Revascularization. Revascularization in Patients to 

Reduce Ventricular Arrhythmias 
 

In patients with ventricular fibrillation, polymorphic     I B-NR 

ventricular tachycardia (VT), or cardiac arrest, revascularization of significant CAD  

to improve survival. 

 

In patients with CAD and suspected scar mediated     III C-LD  

sustained monomorphic VT, revascularization is not recommended for the sole  (No benefit) 

purpose of preventing recurrent VT. 
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Table 20. ESC 2022 GL on VA and SCD. Ischaemic heart disease and coronary artery 

anomalies 

 

Recommendations for risk stratification, sudden cardiac death prevention, and treatment of 

ventricular arrhythmias in chronic coronary artery disease 

 

Risk stratification and primary prevention of SCD 

In patients with syncope and previous STEMI, PES hen syncope remains unexplained I C 

after non-invasive evaluation. 

 

ICD therapy in patients with CAD, symptomatic heart failure (NYHA   I A 

class II–III), and LVEF ≤35% despite ≥3 months of OMT. 

 

ICD therapy in patients with CAD, NYHA class I, and LVEF ≤30% despite ≥3  IIa B 

months of OMT. 

 

ICD implantation in patients with CAD, LVEF ≤40% despite ≥3    IIa B 

months of OMT, and NSVT, if they are inducible for SMVT by PES. 

 

In patients with CAD, prophylactic treatment with AADs other than beta-blockers  III A 

is not recommended. 

 

Secondary prevention of SCD and treatment of VAs 

ICD implantation in patients without ongoing ischaemia with documented VF  I A 

or haemodynamically not-tolerated VT occurring later than 48 h after MI. 

 

In patients with CAD and recurrent, symptomatic SMVT, or ICD shocks for SMVT  I B 

despite chronic amiodarone therapy, catheter ablation in preference to escalating AAD 

therapy. 

 

Addition of oral amiodarone or beta-blocker replacement by sotalol    IIa B 

in patients with CAD with recurrent, symptomatic SMVT, or ICD shocks 

for SMVT while on beta-blocker treatment. 

 

In patients with CAD and haemodynamically well-tolerated SMVT and LVEF ≥40%,  IIa C 

Catheter ablation in experienced centres as an alternative to ICD therapy, provided that 

established endpoints have been reached.* 

 

ICD implantation in patients with a haemodynamically tolerated SMVT and an  IIa C 

LVEF ≥40% if VT ablation fails, is not available, or is not desired. 

 

Catheter ablation in patients with CAD and recurrent, symptomatic SMVT, or  IIa C 

ICD shocks for SMVT despite beta-blockers or sotalol treatment. 

 

In patients with CAD eligible for ICD implantation, catheter ablation just before (or IIb C 

immediately after) ICD implantation to decrease subsequent VT burden and ICD shocks. 

 

AAD, anti-arrhythmic drug; CAD, coronary artery disease; ICD, implantable cardioverter defibrillator; LVEF, left 

ventricular ejection fraction; MI, myocardial infarction; NSVT, non-sustained ventricular tachycardia; NYHA, 

New York Heart Association; OMT, optimal medical therapy; PES, programmed electrical stimulation; SCD, 

sudden cardiac death; SMVT, sustained monomorphic ventricular tachycardia; STEMI, ST elevation myocardial 

infarction; VA, ventricular arrhythmia; VF, ventricular fibrillation; VT, ventricular tachycardia. 

*: VT non-inducibility and elimination of electrograms consistent with conduction delay. 



 66 

 

 

 

 

 
 

 

Figure 24. ACC/AHA/HRS 2017. Secondary Prevention in Patients With Ischemic Heart 

Disease 

 

*Exclude reversible causes. 

†History consistent with an arrhythmic e,ology for syncope. 

‡ICD candidacy as determined by functional status, life expectancy, or patient preference. 

 

EP indicates electrophysiological; GDMT, guideline-directed management and therapy; ICD, implantable 

cardioverter defibrillator; IHD, ischemic heart disease; LVEF, left ventricular ejection fraction; pts, patients; SCA, 

sudden cardiac arrest; SCD, sudden cardiac death; and VT, ventricular tachycardia. 
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Figure 25. ACC/AHA/HRS 2017. Treatment of Recurrent VA in Patients With Ischemic 

Heart Disease or NICM 

 

*Management should start with ensuring that the ICD is programmed appropriately and that potential precipitating 

causes, including heart failure exacerbation, are addressed. For information regarding optimal ICD programming, 

refer to the 2015 HRS/EHRA/APHRS/SOLAECE expert consensus statement. 

 

APHRS indicates Asia Pacific Heart Rhythm Society; EHRA, European Heart Rhythm Association; HRS, Heart 

Rhythm Society; IHD, ischemic heart disease; ICD, implantable cardioverter-defibrillator; PVC, premature 

ventricular complex; NICM, nonischemic cardiomyopathy; SOLAECE, Sociedad Latinoamericana de 

Estimulacion Cardiaca y Electrofisiologia; VF, ventricular fibrillation; and VT, ventricular tachycardia. 
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Figure 26. ESC 20022 GL on VA and SCD. Algorithm for the management of sustained 

monomorphic ventricular tachycardia in patients with chronic coronary artery disease.  

 

CAD, coronary artery disease; ICD, implantable cardioverter defibrillator; LVEF, left ventricular 

ejection fraction; N, No; SMVT, sustained monomorphic ventricular tachycardia; Y, Yes. 

 
 a Incessant ventricular tachycardia in monitor zone: consider catheter ablation.  
b If catheter ablation is not available, not successful or not desired by the patient. 
c To reduce ICD shocks. 
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Figure 27. ACC/AHA/HRS 2017. Primary Prevention of SCD in Patients With Ischemic 

Heart Disease 

 

*Scenarios exist for early ICD placement in select circumstances such as patients with a pacing 

indication or syncope thought due to VT. These are detailed elsewhere in an HRS/ACC/AHA expert 

consensus statement. 

†Advanced HF therapy includes CRT, cardiac transplant, and LVAD. 

 

CRT indicates cardiac resynchronization therapy; EP, electrophysiological; GDMT, guideline-directed 

management and therapy; HF, heart failure; ICD, implantable cardioverter-defibrillator; IHD, ischemic heart 

disease; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NSVT, nonsustained ventricular 

tachycardia; NYHA, New York Heart Association; pts, patients; SCD, sudden cardiac death; VT, ventricular 

tachycardia; and WCD, wearable cardioverter-defibrillator. 
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Figure 28. ESC 20022 GL on VA and SCD. Algorithm for risk stratification and primary 

prevention of sudden cardiac death in patients with chronic coronary artery disease and 

reduced ejection fraction.  

 

CAD, coronary artery disease; ICD, implantable cardioverter defibrillator; ILR, implantable loop recorder; LVEF, 

left ventricular ejection fraction; MI, myocardial infarction; N, No; NSVT, non-sustained ventricular tachycardia; 

NYHA, New York Heart Association; PES, programmed electrical 

stimulation; SMVT, sustained monomorphic ventricular tachycardia; Y, Yes.  

 

aThe 2018 ESC Guidelines for the diagnosis and management of syncope. 
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Table 21.  QT Interval–Prolonging Drugs Known to Cause TdP 
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Drug-Induced Arrhythmias: A Scientific Statement From the American Heart Association. Circulation. 2020 

 

 

Table 22.  Management of Drug-Induced Arrhythmias 

 

ACC/AHA/HRS 2017 GL on VA/SCD. Medication-Induced Arrhythmias 

 

Digoxin 

Digoxin antibodies for sustained VA potentially due to digoxin toxicity   I-B-NR 

 

Medication-Induced QT Prolongation and Torsades de Pointes 

Increase the heart rate with atrial or ventricular pacing or isoproterenol    I-B-NR 

in recurrent torsades de pointes associated with acquired QT 

prolongation and bradycardia that cannot be suppressed with IV magnesium. 

 

IV magnesium for QT prolongation due to a medication, hypokalemia,   I-C-LD 

hypomagnesemia, or other acquired factor and recurrent torsades de pointes. 

 

Potassium repletion to ≥4.0 mmol/L and magnesium repletion to normal values   I-C-LD 

(e.g., ≥2.0 mmol/L) torsades de pointes associated with acquired QT. 

 

Sodium Channel Blocker–Related Toxicity 

In patients taking sodium channel blockers who present with elevated   IIa-C-LD 

defibrillation or pacing thresholds, discontinue the presumed responsible 

medication or reprograme the device. 

 

In patients with congenital or acquired long QT syndrome, QT-prolonging  III-B-NR 

medications are potentially harmful       Harm 
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Table 23. ESC 2022 GL on cardio-oncology.  

 

Risk factors for drug-induced QT prolongation and torsade de pointes  
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Classification of corrected QT interval prolongation induced by cancer drug therapy 

 

 

 
 

ADT, androgen deprivation therapy; QTcF, corrected QT interval using Fridericia 

correction; TdP, torsade de pointes. 

 

a ADT may prolong the QTc interval (GnRH agonist, GnRH antagonist, bicalutamide,  flutamide, 

apalutamide, darolutamide, enzalutamide, and abiraterone). 

Developed from EMA prescribing information, DA prescribing information,and AZCERT. 
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Table 24. ESC 2022 GL on cardio-oncology. Recommendations for the management of 

long corrected QT interval and ventricular arrhythmias in patients receiving anticancer 

treatment 

 

How to manage QTc prolongation in patients with cancer 

Discontinuation of QTc-prolonging cancer therapy in patients who develop  I C 

TdP or sustained ventricular tachyarrhythmias during treatment. 

 

Temporary interruption of QTc-prolonging cancer therapy in patients who  I C 

develop asymptomatic QTcF≥500 ms and an 

ECG should be repeated every 24 h until 

resolution of the QTcF prolongation. 

 

Immediate withdrawal of any offending drug and correction of electrolyte   I C 

abnormalities and other risk factorsa in patients with 

cancer who develop QTcF≥500 ms. 

 

Weekly ECG monitoring in asymptomatic patients with cancer with QTcF  I C 

480–500 ms who are treated with a QTc-prolonging cancer therapy. 

 

A 12-lead ECG after any dose increase of QTc-prolonging cancer therapy.  I C 

 

Restarting QTc-prolonging cancer therapy 

A multidisciplinary discussion before restarting QTc-prolonging drugs in  I C 

patients who have developed significant QTcF prolongation,  

to discuss alternative cancer treatments. 

 

In patients who experienced significant QTcF     IIb C 

prolongation, restarting the culprit QTc-prolonging cancer treatment 

ideally at a reduced dose according to each drug recommendation. 

 

Weekly ECG monitoring during the first 4–6 weeks and then monthly thereafter   I C 

in patients with cancer after restarting QTc-prolonging cancer therapy. 

 

ECG, electrocardiogram; QTc, corrected QT interval; QTcF, corrected QT interval 

using Fridericia correction; TdP, torsade de pointes. 

 

a See https://www.crediblemeds.org and Table 20. 
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Figure 29. ESC 2022 GL on cardio-oncology. Corrected QT interval monitoring before and 

during treatment with corrected QT interval-prolonging anticancer drugs.  

 

Ca2+ , calcium; ECG, electrocardiogram; K+, potassium; MDT, multidisciplinary team; Mg2+, magnesium; QTc, 

corrected QT interval; QTcF, corrected QT interval using Fridericia correction; TdP, Torsade de pointes; VA, 

ventricular arrhythmias. QT interval using Fridericia correction (QTcF=QT/3√RR) is recommended in patients 

with cancer. Upper 99% limits of normal for QTc values in the general population are 450 ms for men and 460 ms 

for women. 
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a Table 20 

b Table 20 and https://www.crediblemeds.org.  

c ECG monitoring at baseline, once steady-state anticancer drug levels have been achieved, after each 

dose modification, or any treatment interruption >2 weeks; monthly for the first 3 months, and then 

periodically during treatment depending on patient-specific risk factors and cancer treatment. 

 

 

 

 

 

 

Table 25.  Effect of Cocaine and Methamphetamines on Ions Channels and EKG 

 

 

 
 

 

Dominic P, et al. Stimulant Drugs of Abuse and Cardiac Arrhythmias. Circ Arrhythm Electrophysiol. 

2021:CIRCEP121010273. 

 

 

https://www.crediblemeds.org/
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Table 26. ESC 2022 GL on non-cardiac surgery. Recommendations for management of 

known or newly diagnosed arrhythmias 

 

Ventricular arrhythmias 

In patients with symptomatic, monomorphic, sustained VT associated with myocardial I B 

scar, recurring despite optimal medical therapy, ablation of arrhythmia before  

elective NCS 

 

It is not recommended to initiate treatment of asymptomatic PVC during NCS.  III C 

 

NCS: non-cardiac surgery 

 

 

Table 27. Ventricular arrhythmias in Pregnancy 

 

ACC/AHA/HRS 2017 GL on VA/SCD 
 

In mothers with long QT syndrome, a beta blocker should be continued during  I-B-NR 

pregnancy and throughout the postpartum period including in women who 

are breastfeeding. 

 

Electrical cardioversion sustained VA is safe and effective and should be used  I- C-EO 

with standard electrode configuration. 

 

In pregnant patients needing an ICD or VT ablation, undergo these procedures  IIa-B-NR 

during pregnancy, preferably after the first trimester 
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ESC 2025 GL on Pregnancy. Recommendations for ventricular tachycardia, device 

implantation, catheter ablation, and pregnancy 
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Figure 30. 2023 HRS expert consensus statement on the management of arrhythmias 

during pregnancy. Algorithm of recommendations for the management of pregnant patients 

with ventricular arrhythmias. 

 

1 Choice of drug dependent on the underlying cardiac substrate.  

2 With techniques for minimizing fluoroscopy as low as reasonably 

achievable.  

CRT: cardiac resynchronization therapy, ICD: implantable cardioverter-defibrillator, SCD: sudden cardiac death, 

VT: ventricular tachycardia. 
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Figure 31. ESC 2025 GL on Pregnancy. Management of ventricular tachycardias in 

pregnancy.  

CPVT, catecholaminergic polymorphic ventricular tachycardia; i.v., intravenous; N, no; 

RVOT, right ventricular outflow tract; VF, ventricular fibrillation; VT, ventricular tachycardia; Y, yes.  
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Table 28. ESC 2025 GL on Pregnancy. Recommendations for cardiac arrest and 

pregnancy  
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Figure 32. 2023 HRS expert consensus statement on the management of arrhythmias 

during pregnancy. Management of cardiac arrest in the pregnant patient.  

 

ACLS: advanced cardiac life support, BLS: basic life support, GA: gestational age, VF: ventricular fibrillation. 
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Figure 33. ESC 2025 GL on Pregnancy. Management of cardiac arrest in pregnancy.  

 

i.v., intravenous; ROSC, return of spontaneous circulation.  

a30 mL calcium gluconate 10% solution. 

 

 


