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ABSTRACT
Premature ventricular complexes (PVCs) are often 
observed in patients presenting with heart failure with 
a reduced ejection fraction (HFrEF). PVCs may in some 
patients be considered to be the cause of heart failure, 
while in others it may be the consequence of heart 
failure. PVCs are important prognostic markers in HFrEF. 
The uncertainty whether PVCs are the cause or effect in 
HFrEF impacts clinical decision making. In this review, we 
discuss the complexity of the cause�effect relationship 
between PVCs and HFrEF. We demonstrate a work�ow 
with the use of a trial period of amiodarone that may 
discover whether the reduced LVEF is reversible, the 
symptoms are due to PVCs and whether biventricular 
pacing can be increased by the reduction of PVCs. The 
use of non- invasive and invasive (high- density) mapping 
techniques may help to improve accuracy and ef�cacy 
in the treatment of PVC, which will be demonstrated. 
With these results in mind, we conclude this review 
highlighting the future directions for PVC research and 
treatment.

INTRODUCTION
Patients with heart failure (HF) with reduced ejection 
fraction (HFrEF) have a higher risk for ventricular 
arrhythmias like premature ventricular complexes 
(PVCs), (non- )sustained ventricular arrhythmias, 
ventricular tachycardia (VT) and ventricular fibril-
lation (VF).1 Sustained ventricular arrhythmias are 
risk markers of mortality due to sudden death and 
progressive HF.2 PVCs are considered in HF to 
be a marker of increased mortality risk.3 In some 
cases, PVCs are also considered to be the cause of 
HF, rather than being the consequence.4 Further-
more, PVCs may reduce percentages of biventric-
ular pacing and therefore impair efficacy of cardiac 
resynchronisation therapy (CRT).5 Clinical decision 
making is complex without certainty about cause–
effect relationship between PVC and HFrEF.1 4 In 
the current review, we will provide an overview 
on PVCs in HFrEF, starting with its prevalence, 
diagnosis and treatment of PVCs in patients with 
HFrEF. For an overview of PVCs in the setting of 
specific cardiomyopathies, for example, hyper-
trophic cardiomyopathy or arrhythmogenic right 
ventricular cardiomyopathy, which have unique 
and sustained ventricular arrhythmias, we defer 
to previous reviews on that specific topic.6 7Also 
recently an excellent general review on PVCs has 
been published.8 Furthermore, we will provide a 
workflow for evaluation of cause–effect relation-
ship of PVC and HFrEF and an outline of the use 
of (non- )invasive mapping techniques. We conclude 

this review highlighting future directions for PVC 
research and treatment.

Prevalence of PVC in HF
The overall prevalence of PVCs in the general 
population is estimated between 4% and 20%, with 
higher prevalence in women and advancing age.9 10 
Symptomatic PVCs encountered in the young are 
more often idiopathic and arise from the (right) 
ventricular outflow tract (a typical example is 
shown in figure 1A). It may even be encountered 
in paediatric population and presents a clinical 
dilemma due to even fewer datasets. The preva-
lence of PVCs is however higher in patients with 
a history of HF, myocardial infarction, coronary 
artery disease or dilated cardiomyopathy.3 10 11 In 
patients with HFrEF, PVCs may even be encoun-
tered in up to 97% of patients when ambulatory 
Holter monitoring is performed indicating that it 
is a common finding.11 PVCs in the setting of (isch-
aemic or non- ischaemic) HFrEF are however often 
more complex, polymorphic and may arise epicar-
dially (an example of an epicardially originating LV 
outflow tract PVC is shown in figure 1B).

Clinical presentation of PVC in HF
In general, some patients with PVC may be 
completely asymptomatic, while others may expe-
rience invalidating symptoms. The most prominent 
symptoms are palpitations and (pre)syncope.12 If 
PVCs also occur alongside VT, patients may experi-
ence sudden onset and offset palpitations and (pre)
syncope. A sudden collapse with loss of conscious-
ness without any precipitating symptoms is only 
rarely caused by a single PVC.12 In patients who 
beforehand are known with HFrEF novel symp-
toms related to PVCs are more concerning as it may 
proclaim a high- risk situation. In addition, symp-
toms of PVCs may also relate to (worsening of) the 
underlying condition (symptoms like dyspnoea, 
fatigue or impaired exercise intolerance).12

Pathophysiological mechanisms of PVC in HF
From a electrophysiological view, there are three 
mechanisms underlying PVCs: triggered activity, 
enhanced automaticity and re- entry.13 PVCs may 
be initiated by any of these three mechanisms, 
and mechanisms can differ over time in the same 
patient. In (young) patients with structural normal 
hearts, PVCs are usually due to triggered activity, 
and the site of origin of the PVC is typically the 
outflow tract.12 13 In patients with HFrEF and 
underlying substrate such as myocardial scarring, 
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next to triggered activity, re- entrant mechanisms may also play 
a role. Myocardial scar may harbour surviving muscle bundles 
with heterogenous conduction pattern and high degree of refrac-
tory periods dispersion setting the stage for triggered activity 
and re- entry.12 The site of origin of postinfarction PVC’s usually 
correspond to the exit site of VT. Ablation of these PVC often 
renders the VT non- inducible.14 There is a complex interplay 
between HFrEF and PVCs. On one hand, PVCs occur as a conse-
quence of underlying substrate; on the other hand, the PVCs 
contribute to worsening of ventricular function. Pathophysi-
ological mechanisms underlying development and reversal of 
PVC- induced ventricular dysfunction is still incompletely under-
stood.12Figure 2 shows the hypothetical relationship between 
these two conditions PVC- induced HFrEF and HFrEF- induced 
PVCs. In this figure, it is hypothesised that PVC- induced HFrEF 
and HFrEF- induced PVCs have different substrate, but many 
triggers and modulators may be similar. Also hypothetically one 
condition can lead to the other under the right substrate, triggers 
and modulators (Coumel’s triangle).

Clinical diagnosis of PVC in HF
In clinical practice, it is often difficult to distinguish between 
primary HFrEF with PVCs as a symptom or primary PVCs 
leading to HFrEF. Even when it seems that there is primary 

HFrEF due to a structural cause, presence of PVCs may worsen 
HFrEF and further impair prognosis. Also there may be common 
risk factors that increase the risk to develop either PVCs or HF. 
A higher burden is associated with a greater chance on PVC- 
induced HFrEF, but it may be induced by any PVC burden.2 15 16 
Clinical risk factors have been sought to identify patients who 
are susceptible to develop worsening of left ventricular ejection 
fraction (LVEF) due to PVCs. Factors like wider PVC QRS dura-
tion (>150 ms), an epicardial origin, presence of polymorphic 
PVCs, retrograde atrial activation of PVC and interpolation of 
PVCs are all associated with this outcome.15 17–19 However, the 
lack of palpitations (OR 3.95), PVC burden (OR 6.61 for the 
highest quartile) and epicardial origin (OR 7.95) appear to be 
the most predominant factors to identify whom may develop 
lower LVEF due to PVCs.15 In a small study of 174 patients 
with frequent idiopathic PVC who were referred for ablation, it 
was shown that patients who had a decreased LVEF had a mean 
PVC burden of 33%±13% as compared with those with normal 
LVEF 13%±12%.16 Baman et al16 demonstrated that a higher 
PVC burden was independently associated with PVC- induced 
cardiomyopathy. In their analysis, a PVC burden of >24% best 
separated the patient population with HFrEF. Of note, PVC 
burden may vary daily, and a single measurement with low PVC 
burden should not rule out PVC cardiomyopathy.

Figure 1 (A) Idiopathic right ventricular out�ow tract PVC in a young patient. (B) Epicardial LVOT PVC in a patient with CRT. CRT, cardiac 
resynchronisation therapy; PVC, premature ventricular complex.
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needed, next to adequate treatment of HF and/or underlying 
structural disease.1 33 34 In a small study of 65 CRT patients who 
were all non- responsive to CRT had >10.000 PVCs on 24- hour 
Holter. These patients under PVC ablation (76 foci) with acute 
and long- term success rate of 91% and 88% after 12±4 months 
of follow- up.34 The elimination of PVCs by radiofrequency cath-
eter ablation improved LVEF (26.2%±5.5% to 32.7%±6.7%, 
p<0.001), NYHA functional class (3.0 to 2.0, p<0.001) and 
enhanced reverse remodelling of the left ventricle.34 A higher 
PVC burden was associated with an improvement in LVEF after 
catheter ablation; in these patients, mean percentage biventric-
ular pacing increased from 76%±12% to 98%±2% (figure 3).34

Diagnostic work�ow
In case uncertainty exists about the PVC relation with LVEF, 
percentage of biventricular pacing, or symptoms, a temporary 
treatment with antiarrhythmic drugs is also a possibility to 
observe whether the LVEF, percentage of biventricular pacing 
or symptoms improves while diminishing PVC burden. Our 
personal workflow is not supported by clinical evidence (or 
guidelines) but particularly helpful in clinical practice may be 
a temporary treatment with amiodarone. In general, a 2- week 
loading dose (200 mg three times a day) and thereafter 200 mg 
once a day for a period of 3 months with re- evaluation with 
Holter monitoring and echocardiogram. This will provide valu-
able information to help the shared decision- making process 

regarding catheter ablation and help to balance advantages of 
ablation over procedural complications. In patients with a clear 
relation between PVCs and LVEF, percentage of biventricular 
pacing, or symptoms this step can be skipped. Our workflow is 
shown in figure 4.

Pharmacological treatment or catheter ablation for PVCs in 
the setting of HF
Indications for treatment of PVC in the setting of HF include: 
(1) symptomatic PVC burden, (2) presumed PVC- induced LV 
dysfunction or (3) PVCs initiating life- threatening arrhythmia 
such as VT/VF. At present, there is no indication for treatment 
of frequent PVCs in the absence of symptoms or LV dysfunc-
tion. If there is a high PVC burden (>10%), follow- up echocar-
diography may identify patients who develop ectopy- mediated 
cardiomyopathy. In general, patients with HF and frequent 
PVCs should be treated with HF guideline- directed medical 
therapy. Following unloading of the heart, the number of PVCs 
may already decrease, which may demonstrate that the PVCs 
are the result rather than the cause of HF in a specific patient. 
If PVCs persist, the diagnosis of PVC- induced cardiomyop-
athy can be confirmed following improvement in LV function 
after PVC suppression. Most evidence for treatment of PVCs, 
either with drug therapy or catheter ablation, is acquired from 
studies performed in patients with non- structural heart disease 

Figure 3 Relation of PVC burden and the occurrence of PVC- induced cardiomyopathy and the improvement expected from catheter ablation. 
A higher PVC burden is associated with PVC- induced cardiomyopathy.16 Improvement in LVEF in patients with CRT in relation to PVC burden and 
catheter ablation is expected from a higher PVC burden.34 CRT, cardiac resynchronisation therapy; HFrEF, heart failure with reduced ejection fraction; 
LVEF, left ventricular ejection fraction; PVC, premature ventricular complex.
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