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INTRODUCTION

Pump failure and sudden cardiac death are the 
leading causes of death in heart failure patients; 
sudden cardiac death accounts for 30–50% of  
deaths.1,2 Heart failure increases the risk of sudden 
death by 6–9 times and most cases are the 

result of ventricular arrhythmias,3 which include 
ventricular tachycardia (VT) and ventricular  
fibrillation (VF).

Ventricular  arrhythmias also cause significant 
morbidity and mortality, and heart failure 
patients have an increased burden of ventricular 
arrhythmias, particularly in advanced disease.2 

Abstract
Heart failure is an increasingly prevalent condition, which is associated with ventricular arrhythmias.  
The reduction in cardiac pumping efficiency leads  to the activation of several compensatory  
mechanisms. These mechanisms eventually lead to cardiac remodelling and a decline in 
haemodynamic status, contributing to the formation of a substrate conducive to arrhythmias, 
including increased automaticity, triggered activity, and, most commonly, re-entry circuits. 
In turn, ventricular arrhythmias can lead to the worsening of heart failure. A diagnosis of heart 
failure and ventricular arrhythmias is obtained using the patient’s history, examination findings, 
and investigation results. A key tool in this is echocardiogram imaging, which visualises 
the cardiac chambers, determines ventricular ejection fraction, and identifies structural 
abnormalities. A reduction in ejection fraction is a significant risk factor for the development  
of ventricular arrhythmias. Arrhythmias are diagnosed by ECG, Holter monitoring, and telemetry or  
event monitoring, and should initially be treated by optimising the medical management of heart  
failure. Anti-arrhythmic drugs, including beta-blockers, are usually the first-line therapy. Sudden 
cardiac death is a significant cause of mortality in heart failure patients, and implantable  
cardioverter defibrillator devices are used in both primary and secondary prevention.  Anti-
arrhythmic drugs and catheter ablation are important adjunctives for minimising shock therapy. In 
addition, autonomic modulation may offer a novel method of controlling ventricular arrhythmias. 
The objective of this review is to provide a practical overview of this rapidly developing field in 
relation to current evidence regarding the underlying pathophysiology, burden of disease, and 
management strategies available.
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Indeed, non-sustained VT is found in 20–80% 
of patients with heart failure.2 Ventricular 
arrhythmias manifest as palpitations, dyspnoea, 
dizziness, syncope, and sudden cardiac death. In 
addition, ventricular arrhythmias may lead to the 
progression of heart failure.

Implantable cardioverter defibrillator (ICD) 
devices are the principal intervention for primary 
and secondary prevention of sudden cardiac 
death in heart failure patients;4,5 however, there 
is increasing evidence supporting the use of 
pharmacological agents and catheter ablation to 
minimise ICD shocks.

EPIDEMIOLOGY

An estimated 26 million people worldwide 
have been diagnosed with heart failure and it  
accounts for >1 million hospitalisations annually 
in Europe and North America.6 The overall 
prevalence of heart failure is 1–2% in the Western 
world, with most patients >50 years old. The 
prevalence increases sharply with age, affecting 
>10% of those aged ≥85 years.7 Annual mortality 
varies according to the severity of heart failure, 
although the relative proportion of sudden 
deaths is substantial across all classes. The yearly  
mortality rate from sudden death is 12–15% 
within the New York Heart Association (NYHA) 
functional class I and II, while class IV has a sudden 
death rate of 50–60%. Sudden death accounts  
for 50–60% of all deaths in NYHA functional  
class I and II, while class IV has a rate of 20–30%.8

Ventricular arrhythmias have been presumed 
to be the cause of a significant proportion of  
sudden deaths; other causes include 
bradyarrhythmias and pulseless electrical 
activity.9,10 Given their spontaneous nature, the 
prevalence of ventricular arrhythmias in heart 
failure patients is difficult to assess; however, 
ventricular arrhythmias have been noted to be 
particularly prevalent in patients with reduced 
ventricular ejection fraction and underlying  
cardiac ischaemia.11 The risk of ventricular 
arrhythmias is further increased by coexisting 
comorbidities, including obstructive sleep 
apnoea, hypoxaemia, electrolyte disturbances, 
catecholamine excess, pro-arrhythmic drug 
effects, hepatic dysfunction, and renal 
dysfunction.12 While ventricular arrhythmia 
encompasses several rhythm disturbances, it 
is important to note that VF and sustained VT 
have a higher disease burden and risk of sudden  

death compared to non-sustained VT and 
premature ventricular contraction.

PATHOPHYSIOLOGY

Heart failure occurs due to a reduction in the 
pumping efficiency of the organ as a result of 
myocardial injury. The most common cause of 
myocardial injury is ischaemic heart disease, 
although structural damage may also occur as a 
result of hypertension, diabetes, valvular disease, 
cardiomyopathies, infections, and toxin exposure 
(e.g., alcohol and chemotherapeutic agents).

Several compensatory mechanisms are  
activated in response to cardiac injury, including 
the Frank–Starling mechanism, neurohormonal 
activation, and ventricular remodelling. 
Although initially beneficial, these compensatory 
mechanisms eventually lead to an exacerbation 
of haemodynamic instability and thereby 
encourages further compensatory mechanisms, 
which produces a cycle of worsening heart failure.13 

Changes in the electrical and mechanical function 
of the heart, including fibrosis and regional 
hypertrophy, can predispose a patient towards 
the development of ventricular arrhythmias.14 

The primary mechanisms for initiating and 
perpetuating ventricular arrhythmias include 
abnormal automaticity, increased triggered 
activity, and development of re-entry circuits, 
which is the most common mechanism.15 The 
electrical instability in ventricular arrhythmias can 
lead to haemodynamic collapse and consequent 
sudden death. Ventricular arrhythmias can 
degenerate to asystole.

It is important to note that there is a complex 
interplay between heart failure and ventricular 
arrhythmias (Figure 1).16 While heart failure 
can lead to the development of a substrate  
conducive to arrhythmia formation, ventricular 
arrhythmias may in turn accelerate the 
pathological mechanisms of heart failure.16 A 
2006 study17 found that appropriate shocks for 
ventricular arrhythmias in advanced heart failure 
were associated with a significant increase in 
pump failure death. It was unclear whether the 
shocks were the cause of the adverse outcomes 
or if they were a marker of disease progression; 
however, the 2013 ALTITUTIDE survival by 
rhythm study found that the mortality risk was 
associated with the underlying rhythm (either 
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ventricular tachycardia or atrial fibrillation) 
rather than the shock therapy itself.18 There was 
no significant difference in survival between 
no shocks and inappropriate shocks for sinus 
tachycardia or noise/artefact/oversensing. In 
comparison, patients who received their first 
shock for monomorphic VT (hazard ratio: 1.65; 
p<0.0001) or VF/polymorphic VT (hazard 
ratio: 2.10; p<0.0001) had a significantly higher  
mortality compared to patients who did not 
receive shocks.18 These results suggest that the 
underlying rhythm accounts for the difference 
in mortality. The method with which ventricular 
arrhythmias lead to the progression of heart  
failure requires further investigation. It has been 
recently proposed that it may be a result of  
delayed myocardial recovery, producing a 

bioenergetic crisis that leads to a cycle of 
increasing pump failure and arrhythmias.16

ARRHYTHMIA MECHANISMS

Automaticity

The normal depolarisation sequence of the heart 
is set by pacemaker cells, which spontaneously 
depolarise. Cellular damage and the associated 
increase in sympathetic activity can disturb the 
automaticity of pacemaker cells.15 Abnormal 
automaticity has been found in subendocardial 
Purkinje fibres following ischaemia, which 
may be a result of underlying abnormalities in  
calcium handling.19

Figure 1: Schema illustrating the pathophysiological cycle of ventricular arrhythmias in advanced heart failure.

ACC/AHA Heart Failure Classification 
Stage B: patients with structural heart disease without symptoms of heart failure.  
Stage C: patients who have developed clinical heart failure. 
Stage D: patients with refractory heart failure requiring specialised interventions. 
 
ACC: American College of Cardiology; AHA: American Heart Association; A-HF: advanced heart failure; LV: left 
ventricle; RV: right ventricle; VA: ventricular arrhythmia. 

Adapted from Santangeli P et al.16
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Triggered Activity

Triggered activity refers to abnormal 
potentials triggered by a preceding action 
potential and includes early and late 
afterdepolarisations. Myocardial stretch in 
heart failure has been shown to contribute to  
increased triggered activity through the 
reduction in action potential duration.20 Early 
afterdepolarisation manifests when there is a net 
inward current, which can occur in slow heart 
rates because of a reduction in the outward K+  

currents.21 An increase in intracellular 
Ca2+ concentration accounts for late 
afterdepolarisations, which ultimately leads 
to an increased inward Na+ current through  
the activation of the Ca2+/Na+ exchanger.22

Re-entry

Re-entry is the most common and significant 
mechanism of ventricular arrhythmias in heart 
failure. It occurs as a result of the disorganisation 
and slowing of action potential conduction, 
allowing electrical re-entry circuits to form around 
regions of scarring. Heart failure contributes to 
this pathology through neurohormonal pathway 
disruption, myocardial remodelling and fibrosis, 
and the disruption of metabolic homeostasis.16

In addition to reducing cardiac function and 
reserve, fibrosis provides an electrophysiological 
substrate to trigger and sustain arrhythmias. The 
volume and distribution of scarring has been 
shown to correlate with ventricular arrhythmias.23 

Cardiac resynchronisation therapy (CRT) 
decreases fibrosis and reduces remodelling.24  
The reversal of cardiac remodelling achieved by 
CRT has been associated with a reduction in the 
risk of life-threatening ventricular arrhythmias 
in cases of mild heart failure.25 In contrast, the 
prevalence of ventricular arrhythmias following 
implantation of left ventricular assist devices 
remains high.26 Therefore, disease regression 
in heart failure does not necessarily lead to 
a reduction in arrhythmias, but it depends 
on the mechanism through which regression  
is achieved. Neurohormonal blockade with 
mineralocorticoid receptor antagonists and 
angiotensin-converting enzyme inhibitors has 
also been shown to be effective at reducing the 
burden of ventricular arrhythmias.27

CLINICAL MANIFESTATIONS

Heart failure is a clinical syndrome characterised 
by impaired heart function and an inability to 
pump blood to adequately maintain circulation. 
Heart failure can be subclassified according to 
the ventricular ejection fraction: the percentage 
of ventricular blood ejected with each beat. 
An ejection fraction <50% is considered heart 
failure with reduced ejection fraction (HFrEF), 
whereas >50% is considered preserved (HFpEF). 
Approximately 50% of symptomatic heart failure 
patients have a preserved ejection fraction.28 
Patients with HFrEF have a higher prevalence 
of ventricular arrhythmias and increased risk of 
sudden death.

The symptoms of heart failure are predominantly 
due to congestion, which commonly presents as 
dyspnoea on exertion.10 Patients also complain of 
orthopnoea (breathlessness when lying down) 
and paroxysmal nocturnal dyspnoea (sudden 
attacks of breathlessness during the night). 
Congestion may also occur in the liver, intestines, 
and peripheries. Signs of heart failure include 
gallop rhythm with a third heart sound (S3), 
elevated jugular venous pressure, hepatomegaly, 
ascites, and peripheral oedema.

Ventricular arrhythmias primarily produce 
cardiac symptoms, including palpitations, chest 
pain, dyspnoea, dizziness, syncope, and sudden 
cardiac death. Ventricular arrhythmia should be 
suspected in cases of syncope occurring at rest 
or when lying down.

EVALUATION AND  
RISK STRATIFICATION

A detailed history and examination are required 
when assessing patients with heart failure.  
Routine laboratory tests and imaging studies 
can support the diagnosis of heart failure and 
assist in risk stratification. Although there are 
a large number of risk factors identified for 
sudden cardiac death in heart failure, developing 
a comprehensive risk stratification strategy  
remains a clinical challenge that requires the 
analysis of multiple parameters.22,29 Currently,  
there is no combination of tests that can  
definitively predict arrhythmic events. However, 
a depressed ejection fraction and symptoms of 
heart failure are the most consistent predictors 
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of sudden cardiac death.29 Indeed, many 
international guidelines suggest that an ejection 
fraction <30% in NYHA class I, or <35% in class 
II and III, is an indication for ICD implantation in 
heart failure patients.29 Other parameters that 
may be useful in risk stratification include T 
wave alternans, signal-averaged ECG, autonomic 
tone, and electrophysiology  studies or  
ischaemic substrates.

Imaging studies

Transthoracic echocardiogram is usually the  
first study undertaken in all patients with 
suspected heart failure, by virtue of its  
simplicity and widespread availability. 
Echocardiogram is central in identifying  
structural abnormalities, characterising the 
function of the chambers and valves, and  
evaluating suitability for further interventions; 
additionally, the technique can characterise 
ventricular ejection fraction, wall thickness, 
wall motion, geometry, and volume.30 
Serial echocardiograms may be employed 
to monitor responses to treatment.  
Echocardiograms are key for differentiating 
between preserved and reduced ejection  
fraction heart failure. A reduction in ejection 
fraction, which is typically considered as an 
ejection fraction <50%, has a higher mortality rate 
and is the most consistent predictor of sudden 
cardiac death in heart failure.22 According to 
the American College of Cardiology (ACC) and 
the American Heart Association (AHA), heart 
failure with preserved ejection fraction can be 
diagnosed based on clinical symptoms and signs 
if there is no evidence of valvular abnormality nor 
impairment of ejection fraction.31

Advances in cardiac MRI have permitted novel 
methods in identifying structural abnormalities 
and scarring.22 Gadolinium-enhanced imaging 
allows for a detailed analysis of cardiac tissues 
and identification of areas of tissue scarring. 
Areas of fibrosis detected on MRI scans have 
been associated with a significant increase in risk 
of ventricular arrhythmias and sudden cardiac 
death.32 MRI may also be used to differentiate 
between heart failure patients with ischaemic and 
nonischaemic aetiology.33

Chest radiography may be used in the work-up 
for heart failure to exclude alternative conditions 
and support the diagnosis. Findings of heart 

failure include cardiomegaly, pulmonary oedema, 
and pleural effusion.

Electrocardiogram

The 12 lead ECG in heart failure patients  
typically shows a variety of abnormalities,  
although none of them are specific to heart  
failure.30 Patients may present with QRS  
complex and T wave abnormalities, including 
bundle branch blocks and atrioventricular  
block.31 Underlying ischaemia or myocardial  
stress can produce changes in the Q waves, T  
waves, and ST segment of the ECG.30  
Remodelling, induced by compensatory 
mechanisms, can lead to supraventricular or 
ventricular arrhythmias.34 While an ECG cannot 
predict the risk of sudden cardiac death, it is 
useful for uncovering conditions which may 
predispose to arrhythmias, such as Wolff–
Parkinson–White syndrome, long QT syndrome, 
or Brugada syndrome.35 Moreover, a recording 
of VT or premature ventricular complexes can 
help determine the targets for catheter-based  
ablation procedures.15

The signal-averaged ECG is a high-resolution 
technique, whereby electrical signals from the 
heart are averaged with high-gain amplification 
and filtering, allowing low amplitude deflections 
in the terminal part of the QRS complex to 
be detected.36 These late potentials reflect 
the presence of substrate for re-entry and are  
thought to correlate with areas of delayed 
endocardial activation.22,37 While the negative 
predictive value of signal-averaged ECG 
recordings is high for sudden cardiac death, 
it has a low positive predictive value, which 
limits its usefulness as a prognostic tool.35,38  

Ambulatory ECG monitoring can be employed  
with a Holter monitor, an event monitor, or an 
implantable loop recorder; however, there is 
conflicting evidence for their predictive value for 
ventricular arrhythmias in heart failure.38

Biomarkers

Brain natriuretic peptide (BNP) and N-terminal 
pro-BNP are blood markers of myocardial stretch 
that have seen increasing use in evaluating the 
presence and assessing severity of heart failure.30 
Cardiac markers of injury, such as troponin I, 
may be used to ascertain the presence of acute 
coronary syndrome, although it should be noted 
that they are commonly elevated in heart failure 
despite the absence of recent infarction.
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Electrophysiology Studies

The underlying pathologic substrate and 
arrhythmic presentation determine the  
diagnostic and prognostic value of 
electrophysiological testing.38 The inducibility  
of monomorphic VT with programmed  
electrical stimulation is a powerful marker for 
increased risk of ventricular arrhythmias in  
heart failure patients with reduced ejection  
fraction and prior myocardial infarction.39 In 
contrast, patients with non-ischaemic aetiology 
have a much lower inducibility of arrhythmias  
and the predictive value of these 
electrophysiological studies remains limited in 
this population because clinical outcomes do  
not correlate with inducibility.40

MANAGEMENT STRATEGIES

The initial management of heart failure relies 
on lifestyle modification and pharmacological  
therapy. Ventricular arrhythmias should be 
managed with treatment of the underlying 
cardiomyopathy, addressing reversible factors, 
and optimising heart failure status.41 ICD  
provide the best protection against sudden 
cardiac death from ventricular arrhythmias; 
however, recurrent ICD shocks are associated 
with long-term morbidity and mortality.41 

Consequently, anti-arrhythmic drugs and 
catheter ablation are important adjuncts for 
minimising ICD shocks in recurrent ventricular  
arrhythmias (Figure 2).42

Evaluate and address aggravating factors

Evaluate and address ICD programming

Increase beta-blocker?

Sustained VT or VF in patients with ICD

Drug therapy
favoured

Catheter ablation
favoured

• Polymorphic VT
• Experienced centre not available
• High procedure risk
• Patient preference

• Monomorphic VT
• Experienced centre
• Acceptable procedure risk
• Incessant or very frequent VT
• Increased risk for drug toxicities 
• Patient preference

Figure 2: Illustration of an approach to the patient with an implantable cardioverter defibrillator who has a 
ventricular tachycardia recurrence.

ICD: implantable cardioverter defibrillator; VF: ventricular fibrillation; VT: ventricular tachycardia.

Adapted from Stevenson WG.42
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Implantable Cardioverter  
Defibrillator Devices

ICD therapy effectively terminates ventricular 
arrhythmias with overdrive (anti-tachycardia) 
pacing or defibrillation shocks. It is  
recommended for most heart failure patients  
with a history of ventricular arrhythmias  
(secondary prevention) or those that are at 
an increased risk of sudden death (primary 
prevention).42 Primary prevention is most 
commonly used in patients exhibiting HFrEF 
(≤35%), although it may be recommended in 
those with genetic diseases that predispose 
them to sudden death, including hypertrophic 
cardiomyopathy and Brugada syndrome.

Prophylactic treatment with ICD for VT has been 
shown to improve prognosis in two large-scale 
randomised trials that compared ICD therapy 
with standard medical therapy in patients with 
predefined risk (MADIT and MUSTT);35 however, 
it is important to note that ICD shocks treat but 
do not prevent the recurrence of arrhythmias. 
Recurrent ICD shocks are associated with  
increased mortality and a reduction in quality 
of life.41 Anti-arrhythmic drugs and catheter  
ablation should be considered in cases of  
recurrent arrhythmias. The MADIT-RIT and 
PREPARE studies evaluated ICD programming 
strategies to minimise shocks.43,44 The 
strategies that were effective in reducing 
shocks and improving mortality included  
anti-tachycardia pacing, increased tachycardia 
detection rate, delayed-therapy programming, 
and supraventricular discrimination algorithms.

Pharmacological Agents

Beta-blockers have been shown to reduce 
morbidity and mortality in heart failure.41  
Therefore, given their benefits in improving 
haemodynamic status, beta-blockers should 
be offered to all patients without a major 
contraindication. Furthermore, in cases where 
patients  present with ventricular arrhythmias 
and ICD shocks who are on optimal beta blocker  
therapy, the addition of other anti-arrhythmic 
drugs should be considered.

Anti-arrhythmic drugs are primarily used 
to minimise and prevent ICD shocks;15  

nevertheless, there is limited data supporting  
the efficacy and safety of these drugs in  
patients with heart failure.45 While they 

may decrease arrhythmic burden, many  
anti-arrhythmic drugs have negative inotropic 
effects that can lead to the worsening of 
haemodynamic status. In particular, there is very 
little data on the efficacy and safety of short-
term pharmacological management of recurrent 
VT. Intravenous lignocaine is used because of 
its short half-life and good safety profile,46 but 
intravenous amiodarone may be considered. 
Long-term management with negatively inotropic 
agents, such as sotalol and procainamide, should  
be avoided.

Most class I anti-arrhythmic agents, which act 
by blocking the Na+ channel, have been shown 
to increase mortality in structural heart disease 
patients because of the negative inotropic 
effect and potential proarrhythmic action.47  
Nevertheless, quinidine and mexiletine have 
some evidence of effective anti-arrhythmic 
action, although they have never been evaluated 
in randomised controlled trials.48,49 It should 
be noted that mexiletine should be used with  
caution because it may worsen haemodynamic 
status in advanced heart failure through its 
negative inotropic and increased peripheral 
vascular resistance effects.50

Randomised control trials have shown that 
amiodarone is the only class III anti-arrhythmic 
drug with a significant treatment effect on 
ventricular arrhythmias in advanced heart 
failure.45 A systematic review and meta-analysis45 
on the effectiveness of anti-arrhythmic drugs 
for the prevention of recurrent ventricular 
arrhythmias analysed eight trials, which 
showed that amiodarone significantly reduced 
appropriate ICD interventions (odds ratio=0.3; 
p<0.001), while sotalol did not have a significant 
impact (odds ratio=0.83; p=0.594); however, 
amiodarone is associated with end-organ  
toxicity, significant side-effects, and a possible 
increase in all-cause mortality.51,52

Class IV drugs non-dihydropyridine Ca2+ 
channel blockers should be avoided as  
they have poor efficacy in ventricular arrhythmias 
on a background of heart failure, and may  
increase overall mortality.41 Analysis of 15 
randomised trials has shown that using 
amiodarone has an unfavourable profile 
with a number needed to treat of 38 for 
prophylaxis of sudden cardiac death, compared 
to the number needed to harm of 14 from 
amiodarone-associated thyroid toxicity, hepatic 
toxicity, pulmonary toxicity, or bradycardia.51
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Catheter-Based Interventions

Catheter ablation can be used as an adjunctive 
treatment in patients with frequent ventricular 
arrhythmias and ICD shocks despite 
pharmacological therapy. The benefits of this 
intervention depends on the location of the  
circuit, the underlying substrate, arrhythmia 
inducibility and NYHA heart failure status 
(Figure 3).15,53 A recent large single-centre study  
reported that arrhythmia-free survival rates, at  
a median of 6 years post-VT ablation, were 54% 
±4% in patients with ischaemic cardiomyopathy 
and 38%±4% in non-ischaemic cardiomyopathy.54 
Earlier adoption of ablation strategies in 
post infarct VT has been associated with  
better outcomes.55

Catheter ablation is the most effective 
monomorphic VT therapy, although it has 

been shown to be efficacious in some cases of 
polymorphic VT and VF.42 The central isthmus, 
an essential component of the re-entry circuit, 
is usually targeted in monomorphic VT;56  
however, haemodynamic instability often  
hinders the ability to effectively map the circuit. 
In such cases, scars can be defined during sinus  
rhythm using voltage mapping as the 
central isthmus is usually found between areas 
of dense scarring.57 While the acute success  
rate in abolishing VT using ablation is  
approximately 70%, at 12 month of follow-up, 
26–50% of patients will experience recurrence of  
VT.42 There is limited data on the use of  
catheter ablation for VT in severe heart failure 
because of the increased mortality risk and  
safety concerns. 

A recent paper reported that radiofrequency 
ablation of VT in NYHA class IV patients can 

Figure 3:  Electroanatomic maps of sample ablation lesions.

Electroanatomic maps (A, B) showing an example of extensive radiofrequency catheter ablation (red dots) in the 
scar zone (i.e., ‘scar homogenisation’) in a patient with ventricular tachycardia, nonischaemic cardiomyopathy, 
and epicardial scar. Normal voltage was present in the endocardium (A; right panel), while scar was present in 
the epicardium. In a different patient, maps show limited ablation performed in the epicardial scar zone (C), with 
mapping and termination of the ventricular arrhythmia during ablation (D).

Colours: Red regions represent scar tissue (bipolar voltage <0.5 mV); purple regions represent normal myocardium 
(bipolar voltage >1.5 mV); other coloured regions represent ‘border zones’ (bipolar voltage between 0.5 and 1.5 mV).

Dots: Light blue = fragmented potentials; dark blue = late potential; light and dark red = ablation sites; and  
green = sites of VT termination during radiofrequency ablation.

Adapted from Gökoğlan Y  et al.53
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