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Today’s Issue

Frequent ventricular ectopy in Pts 

without structural heart disease may 

induce LV dilatation / dysfunction.



LV dysfunction:

High PVC burden:

Dilemma: the chicken or the egg
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PVC-induced cardiomyopathy (PIC)

l In general, Pts with PVCs w/o structural heart disease

lBenign clinical course

lTreatment: reserved for symptomatic improvement

l In some Pts with frequent PVCs

lDecrease in ventricular function or chamber dilatation



Other arrhythmia-induced cardiomyopathies

l Most of which are tachycardia-mediated (atrial 
fibrillation being the most common). 

l Rhythm irregularity has also been proposed as a 
mechanism for cardiomyopathy in AF. 

l Frequent PACs may also result in cardiomyopathy, 
but the detrimental effect of PACs appears to be 
less than that of PVCs (based on animal studies).



Can frequent PVCs 

aggravate LV EF?



239 patients, > 4-year Observation

Niwano S. Heart 2009;95:1230–1237
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SNUH Experience

l PVC (>10%) cohort with normal heart (LVEF > 50%)
l F/U duration: 33±16 months (7-78 months)

l Incidence of LV function depression (∆EF < -5%)
l13/64 (20%)

Lee SR / Oh S. Unpublished data.



LV EF Changes of All Patients
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PIC: Diagnosis

l Presumptively based on 

lPresence of frequent PVCs

lExisting cardiomyopathy

lNo alternative etiology for the cardiomyopathy



Diagnosis

l Pts with relatively low PVC burdens

lCausal relationship between the PVCs and the 

cardiomyopathy can be challenging

lOnly verified when elimination of the PVCs 

results in resolution of the cardiomyopathy



Predisposing Factors of PIC
l PVC burden

lPersistent PVC duration 
lLonger duration of PVC exposure
lBurden of interpolated PVC
lMultiform PVC

l PVCs with longer QRS duration
l Origin of PVC

lEpicardial origin
lRV origin (greater LV dyssynchrony)

l Presence of NSVT
l Lack of diurnal variation of PVC frequency
l Male sex

Latchamsetty R & Bogun F. J Am Coll Cardiol EP 2019;5:537–50.
Lu F et al. Am J Cardiol 2012;110:852-6.
del Carpio Munoz F et al. J Cardiovasc Electrophysiol 2011;22:791-8.
Yokokawa M et al. Heart Rhythm 2012;9:1460-4.
Olgun H et al. Heart Rhythm 2011;8:1046-9.

Latchamsetty R & Bogun F. J Am Coll Cardiol EP 2019;5:537–50.
Lu F et al. Am J Cardiol 2012;110:852-6.
del Carpio Munoz F et al. J Cardiovasc Electrophysiol 2011;22:791-8.
Yokokawa M et al. Heart Rhythm 2012;9:1460-4.
Olgun H et al. Heart Rhythm 2011;8:1046-9.



Pts with LVEF < 50% had high PVC burden.
PVC burden > 24% was associated with PIC.



PVC burden is very variable



Broader PVC (esp. ≥ 150 ms) and Epicardial origin



QRS duration: independent predictor for recovery of LV EF after RFCA



Deywll MW / Marchlinski FE. Heart Rhythm. 2012;9:1465-1472

PVC QRS Duration & Reversibility of LV dysfunction



Pts with LV EF < 50% had high PVC burden (29.3% vs. 16.7%),
wider QRS, higher prevalence of multiform PVCs and RV PVCs.



High PVC burden is observed in 

Pts with LV dysfunction

≠
High PVC burden is

the culprit of LV dysfunction



lRetrospective studies

lCross-sectional observation data

è Causal relationship ?



Mechanisms of PIC



PIC Model

l Fourteen mongrel dogs

l Pacing system
lBipolar epicardial lead (Medtronic) at RV apex
lSingle chamber pacemaker (SJM) with a 

unique algorithm

l PVC
lFixed coupling interval 250 ms
lBurden 50% (bigeminy)

Huizar JF et al. Circ Arrhythm Electrophysiol. 2011;4:543-549



PIC Model

Huizar JF et al. Circ Arrhythm Electrophysiol. 2011;4:543-549



Critical Appraisal

lAnimal model study

lPacing site: RV apex (NOT usual PVC site)

èModel for RV apical pacing-induced HF 

rather than PIC



PIC: Mechanisms

lAltered Ca homeostasis

lFibrosis



Walters TE et al. J Am Coll Cardiol 2018;72:2870-2882
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l Excitation-contraction coupling impairment
lReduction in Ca channel protein (Cav1.2) expression 

and ICaL current density
lMisalignment between Cav1.2 and RyR2

l Prolongation and marked beat-to-beat variation in APD, as 
well as decreased outward and inward (L-type calcium) 
currents è increased repolarization heterogeneity

Wang Y et al. Heart Rhythm2014;11:2064–2072



Altered Ca homeostasis in CHF

l Decrease of SR [Ca]2+ stores

l Decrease of SR [Ca]2+ sequestration

l Impaired [Ca]2+
i transients

Luo M et al. Circ Res 2013;113:690–708
Marks AR. J Clin Invest 2013;123:46–52



Mechanism: Fibrosis

l Biventricular fibrosis was observed in paced bigeminal
swine model with PIC when compared with control animals, 
and the fibrosis was more pronounced with pacing from the 
epicardium as compared to other sites.

Walters TE et al. J Am Coll Cardiol 2018;72:2870-2882



Mechanism: Fibrosis

l In a canine study, no fibrosis was observed when a 
similar pacing protocol was carried out over a 
similar time period. 

l It is possible that the development of fibrosis is a 
time-dependent process that might differ from 
species to species. 

l The time line of development of PIC in humans is 
longer than what was observed in the animal 
studies.

Latchamsetty R & Bogun F. J Am Coll Cardiol EP 2019;5:537–50.



Summary

l PIC is an often treatable and reversible condition

l Mechanisms: not clear
lAltered Ca homeostasis
lFibrosis

l Treatment of Pts with frequent PVC
lTry to find out Pts at risk of PIC



Contributors AF
SNU EP Faculty

Seil Oh, MD, PhD
Eue-Keun Choi, MD, PhD
Il-Young Oh, MD, PhD
Youngjin Cho, MD
Myung-jin Cha, MD
Woo-Hyun Lim, MD
Ji Hyun Lee, MD
So-Ryoung Lee, MD

EP Fellow (2019)
Euijae Lee, MD

Sejong General Hospital
Wonseok Choe, MD

VT


