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Premature ventricular contraction (PVC)-induced cardiomyopathy (PVC-cardiomyopathy)
is a clinical entity described over the past few decades and recently recognized in 2016

by an American Heart Association Scientific Statement (1,2). Several clinical and animal
models (2-5) have shown that frequent PVCs in a structurally normal heart can result

in a cardiomyopathy, characterized by reversible LV dilatation and systolic dysfunction.
However, it is unclear why some patients appear to be more susceptible, whereas others

are relatively resistant to the development of this cardiomyopathy despite similarly high
PVC burdens. The major risk for P\VC-cardiomyopathy is a high PVC burden, whereas
others, such as QRS duration, epicardial origin, and lack of symptoms remain debatable
(2). A clear understanding of the mechanism and predictors is challenging because of
multiple confounders present in the clinical setting. Thus, animal models have become vital
for understanding the mechanisms, triggers, and predictors of this cardiomyopathy. Thus
far, these translational studies have shed some light onto molecular changes that could be
responsible for the reversible left ventricular (LV) dysfunction (6-8). In contrast, little or no
histological abnormalities have been found. Only a swine PVC-cardiomyopathy model (5)
has shown a slight increase in fibrosis.

In this issue of JACC: Clinical Electrophysiology, Walters et al. (9) present an extension
of their current swine PVVC-cardiomyopathy model by assessing LV mechanics in PVC-
cardiomyopathy and its reverse remodeling after the elimination of PVCs. Using a
biventricular pacemaker, they reproduced chronic bigeminal PVCs from the epicardial LV
free wall for 12 weeks (PVC group, n = 5) and compared with 2 other groups: animals that
were allowed a 4-week recovery (recovery group, n = 5) after pacing cessation and another
group without ectopy (sham group, n = 5).
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Similar to a PVC-cardiomyopathy canine model (3), Walters et al. (9) demonstrate that
persistent ventricular bigeminy for 12 weeks induces a reversible LV systolic dysfunction
that recovers within 4 weeks after eliminating PVCs. Moreover, they demonstrate the
development of LV dyssynchrony and increased QRS duration during sinus beats and
increased fibrosis by histological analysis after chronic exposure to bigeminy, which
persisted at 4 weeks despite the elimination of PVVCs and recovery of LV function. Finally,
they found a significant positive correlation between LV myocardial fibrosis and: 1) QRS
width during sinus rhythm; and 2) LV dyssynchrony.

As with any translational study, Walters et al. (9) recognize the limitations of their model,
and their findings require corroboration in the clinical setting. This model used a higher
and more persistent PVVC burden than that observed in the typical clinical setting, used

a single-plane area length rather than a 2-plane method to assess LV systolic function

and LV volumes, and, most importantly, lacked long-term follow up after PVC cessation
beyond 4 weeks to assess reverse remodeling in this swine model of PVC-cardiomyopathy.
Other limitations include the use of a single PVC location (LV epicardial free wall) and a
short coupling interval (30 ms longer than the ventricular effective refractory period; mean:
320 ms) that could potentially affect the degree of fibrosis and LV dyssynchrony (2,10).
Moreover, the swine model has an inherent limitation because of limited echocardiographic
windows that prevent detail assessment such as LV mass and LV mechanics. Finally, it is
important to recognize is that it is unclear if the mild fibrosis observed in this model would
further progress if PVCs continued beyond 12 weeks.

Fibrosis and scar burden are considered the substrate for ventricular arrhythmias and are
associated with worse outcomes (11). However, the fibrosis demonstrated in the swine
PVC-cardiomyopathy model, although significant, appears to be minimal. This is contrast
to a canine PVVC-cardiomyopathy model that did not demonstrate a significant increase

in fibrosis after a similar exposure time to ventricular bigeminy (3). Similarly, cardiac
magnetic resonance imaging on patients with PVC-cardiomyopathy has not demonstrated
significant scar burden or fibrosis (2,12,13). However, it is not clear that current cardiac
magnetic resonance imaging technology can detect subtle changes in fibrosis, which may
be detectable only by histology. It is critical to understand if the presence and persistence
of fibrosis despite PVC suppression is unique to the swine model or also applicable to
patients, because this could have similar implications to animal models and clinical studies
of patients with tachycardia-induced cardiomyopathy, where persistence of fibrosis despite
elimination of tachycardia appears to be associated with increased mortality (2). However,
it is important to recognize that tachycardia-induced cardiomyopathy has clearly shown a
much larger extent of fibrosis than PVC-cardiomyopathy (2).

LV dyssynchrony has been implicated in the development of different cardiomyopathies
such as left bundle branch block and right ventricular pacing cardiomyopathy (2). Animal
models have demonstrated that PVC beats have an intrinsic LV dyssynchrony that is not
seen during sinus beats (8,10). Thus, LV dyssynchrony is currently implicated as a potential
mechanism of PVC-cardiomyopathy (8). Moreover, the present study by Walters et al.

(9) suggests that the normal LV mechanics during sinus rhythm will become abnormal

(LV dyssynchrony) after long-term exposure of PVCs. This is consistent with LV speckle-
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tracking in our PVC-cardiomyopathy canine model demonstrating abnormal LV mechanics
after chronic exposure to ventricular bigeminy (14). Unfortunately, the assessment of LV
dyssynchrony by Walters et al. (9) was assessed only by an impedance-based method, that
can assess dyssynchrony only along the long axis (apical and basal segments). This is, in
part, due to the poor echocardiographic windows in the swine preventing the use of speckle
tracking to further assess LV dyssynchrony between opposing LV wall segments. Similar
to fibrosis, LV dyssynchrony and QRS width persisted 4 weeks after cessation of PVCs,
although no assessment was obtained beyond this timeframe, and we cannot exclude that
reversal of fibrosis and LV dyssynchrony could have occurred after several months.

Walters et al. (9) suggest that persistent electrical remodeling, LV dyssynchrony, and
myocardial fibrosis, despite improvement on LV ejection fraction, may have significant
clinical implications for the prognosis of PVVC-cardiomyopathy even after elimination of
PVCs. This hypothesis is further supported by autonomic dysregulation by PVVCs. Animal
and clinical data have shown that frequent PVCs also trigger acute changes in autonomic
nerve activity that appear to be more prominent with variable than fixed PVC coupling
intervals (2,15). Moreover, our PVVC-cardiomyopathy model also demonstrated disruption
of the autonomic regulation characterized by extracardiac sympathetic hyperinnervation
and sympathetic neural hyperactivity that persist for a few weeks after the elimination of
PVCs (16). Finally, cellular studies in our PVVC-cardiomyopathy animal model have shown
electrical remodeling, including increased dispersion of action potential duration, impaired
Ca?*-induced Ca?* release from Sarcoplasmic reticulum (SR), and a decrease in ionic
currents (4o, /1 and /Ica) (2,3,6).

Indeed, no clinical or translational studies have shown any outcomes benefit (heart

failure admission or mortality) by eliminating PVCs beyond improvement of LV systolic
function. A secondary analysis of the CHF-STAT (Congestive Heart Failure-Survival Trial
of Antiarrhythmic Therapy) study, a randomized clinical trial of patients with frequent PVCs
(>10 PVCs/h) and LV systolic dysfunction (left ventricular ejection fraction of <40%)
randomized to receive either placebo or amiodarone has shown that PVC suppression

in PVC-cardiomyopathy improves outcomes (death and resuscitated cardiac arrest) (J.F.
Huizar, unpublished data, July 2020). To answer this important question, a prospective
clinical trial including a placebo-controlled arm would be required. Unfortunately, such a
clinical study would be difficult to conduct and is considered unethical by many.

We hypothesize that frequent PVCs trigger LV systolic dysfunction (cardiomyopathy) and,
together with changes in LV mechanics, electrical remodeling, autonomic dysregulation,
and mild fibrosis, could serve as a substrate for increased mortality, including sudden
cardiac death, in the presence of frequent PVCs (Figure 1). PVC ablation not only allows
recovery of LV systolic function but, most importantly, eliminates the trigger (PVCs) of
malignant ventricular arrhythmias. It is unclear if PVC suppression allows positive reverse
remodeling of LV mechanics, fibrosis, autonomic tone, ion currents, and action potential
duration with subsequent improvement of outcomes. Otherwise, persistence of the substrate
(lack of reverse remodeling) may affect mortality despite decreased PVC burden.
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Future studies to determine the clinical consequences of PVC-cardiomyopathy besides a
decrease in LV systolic function, as well as outcome benefits of PVC suppression in
patients with P\VC-cardiomyopathy, are clearly needed. In addition, mechanistic studies are
paramount to further investigate electrical remodeling, abnormal LV mechanics, molecular
changes, and inflammatory markers/cytokines associated with fibrosis and a decrease in
cardiac contractility. This will help us better understand outcome predictors and alternative
treatments of PVC-cardiomyopathy.
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FIGURE 1. Hypothetical M echanisms of Increased Morbidity and Mortality in Patients With
PV C-Cardiomyopathy
LV = left ventricular; PVVC-cardiomyopathy = premature ventricular contraction—induced

cardiomyopathy; SCD = sudden cardiac death.
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