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higher sensitivity by simultaneously accounting 
for PVC burden, PVC duration and PVC coupling 
interval.

INTRODUCTION
Premature ventricular complexes (PVCs) are fre quen-
tly encountered in both structurally normal and disea-
sed hearts and high arrhythmic burden is known to 
induce or aggravate or induce left ventricular dysfunc-

WHAT’S NEW
 Considerable overlap between patients with pre-

mature ventricular complexes (PVCs) that are at 
risk for tachycardiomyopathy and those who will 
maintain normal LV function below the threshold 
of 26% PVCs

 In patients with PVC burden lower than the 
previously described thresholds, PVC mediated 
systolic dysfunction seems to be predicted with 

Abstract: Aims – Frequent premature ventricular complexes (PVCs) may induce/aggravate LV systolic dysfunction 
(LVD) by tachy(dyssynchrono)cardiomyopathy (tCMP) in patients with/without previous structural heart disease. High 
arrhythmic burden (i.e. >26%) is the main predictor of tCMP development in patients with previously normal LV function. 
However, its predictive power is reduced once the arrhythmic burden is below 26%, with considerable overlap between 
patients at risk for tCMP and those who will maintain normal LV function. We sought to evaluate the predictive power of 
a composite index that includes PVC burden, PVC duration and PVC coupling interval. Methods – 61 patients referred for 
radiofrequency ablation (RFA), with frequent PVCs refractory to at least one antiarrhythmic drug (AAD), symptomatic and/
or with LV systolic dysfunction (LVEF < 50%) were retrospectively studied. Patients with structural lesions on transthoracic 
echocardiography (TTE) and/or cardiac magnetic resonance imaging (c-MRI), with sustained ventricular tachycardia/supra-
ventricular tachycardia or severe valvular disease were excluded. A composite parameter dependent on PVC burden, PVC 
duration and PVC coupling interval was defi ned. Results – Mean PVC burden was 25.80% ± 11.64 (35% ± 8.16 in tCMP 
subgroup). Chronic PVC suppression was achieved in 89.6% of patients with a mean of 1.44 ± 0.7 procedures with 86.4% of 
patients requiring one procedure. Septal right ventricular outfl ow tract (RVOT) was the most frequent PVC origin (36.1%). 
Mean left ventricular ejection fraction (LVEF) in the tCMP group (7 patients) was 38% ± 5.26 which increased 1 month after 
RF ablation to 54.6% ± 3.64 (87.35% of recovered LVEF), at 3 months to 56% ± 2.23 and at 6 months 57% ± 2.73. LVEF 
recovery was also present in non-tCMP subgroup, yet statistically insignifi cant. There was no procedure-related mortality. 
Retrograde ventriculo-atrial (VA) conduction, male gender, non-sustained VT (NSVT), a higher BMI and a higher PVC bur-
den were associated with tCMP development. ROC curve analysis appears to demonstrate higher sensitivity of tCMP pre-
diction by the composite index in comparison to PVC burden in patients with 16.93-25.93% PVCs (i.e. below the formerly 
described tCMP PVC% cut-off). Conclusions – In patients with a PVC burden lower than the previously described cut-offs 
(i.e. with ~17-25% PVCs) PVC mediated systolic dysfunction seems to be predicted with higher sensitivity by a composite 
index accounting for PVC burden, PVC duration and PVC coupling interval.
Keywords: Premature ventricular complexes, cardiomyopathy, ventricular dysfunction, catheter ablation, arrhythmic bur-
den, heart failure.
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mean ± standard deviation (SD) and were compared 
using 2-group Student T test/paired student T test. 
Receiver-operator curve analysis was performed to 
compare sensitivity and specifi city for PVC burden and 
the composite index. A p value < 0.05 was considered 
statistically signifi cant. 

RESULTS
Baseline characteristics of the patient populati-
ons. 61 patients with idiopathic PVCs were included 
with a mean age of 42.61 ± 15.43 years, 67.7% female 
gender. Beta-blockers were most frequently used by 
physicians as AADs and most patients had tried >1 
AAD before ablation referral. In patients with LV ori-
ginating PVCs and in those with tCMP respectively, a 
greater number of AADs was used as compared with 
those with RV PVC origin and those without tCMP, 
yet statistically insignifi cant. Palpitations were the 
most frequent symptom (Tables 1, 2).

Procedural results. Chronic procedural success 
was obtained in 89.6% of patients with 1.44 ± 0.7 pro-
cedures. Septal RVOT was most frequently targeted 

tion (LVD). Even though it is regarded as the cardinal 
predictor of tachycardiomyopathy (tCMP), PVC bur-
den is however an imperfect predictor as there are 
both patients with high arrhythmic burden with no 
LVD development and severe LVD can be encounte-
red with relatively low burdens of PVCs (i.e. there is 
important variability of the critical burden for LVD in 
individual patients). 

Consequently, multiple trials have evaluated further 
tCMP risk factors in addition to PVC percentage (such 
as broad QRS PVCs, long coupling interval, epicardial 
origin, lack of circadian variability of PVCs, retrograde 
conduction, male gender, time from diagnosis, asymp-
tomatic PVCs). We decided to evaluate a composite 
index that includes PVC QRS duration and PVC cou-
pling in addition to PVC burden.

METHODS
Symptomatic and/or tCMP patients with frequent (> 
10%) idiopathic PVCs refractory to at least one anti-
arrhythmic drug referred for radiofrequency ablation 
(RFA) were retrospectively included. A PVC tCMP 
subgroup was defi ned by LVEF < 50%. Patients with 
structural heart disease (SHD) demonstrated by tran-
sthoracic echocardiography (TTE) were excluded. C-
MRI was used for SHD exclusion in 60.7% of patients. 
Patient demographics, clinical data, previous antiar-
rhythmic treatments, baseline & PVC electrical cha-
racteristics, TTE & Holter EKG data, PVC anatomical 
origin and intraprocedural fl uoroscopy and mapping 
data, at initial referral and by follow-up at 1, 3 and 6 
months post-RFA. 

RFA was performed by manual ablation or aided by 
remote magnetic navigation system (MNS, Stereotaxis 
Inc., Niobe II). Activation mapping +/- electro-anato-
mical mapping (CARTO3, Biosense Webster, Dia-
mond Bar, CA, USA) were used to locate PVC origin. 
Acute procedural success was defi ned as the elimina-
tion of the targeted PVCs and lack of recurrence 30 
minutes after the last RF application. Chronic proce-
dural success was defi ned by at least 80% reduction 
in PVC burden at 6 months evaluation. A composite 
index was defi ned as the natural logarithm (ln) of the 
burden of PVC multiplied by the coupling interval and 
by PVC duration – Index = ln (PVC_burden x coupli-
ng_interval x PVC_duration). 

Statistical analysis was performed using IBM SPSS 
Statistics 20.0 (IBM Corporation, Armonk, NY, USA). 
Discrete variables were compared using Chi-squa-
re analysis. Continuous variables were expressed as 

Table 1. Demographics, comorbidities and clinical 
presentation
Age (years)  42.61 ± 15.43
Female gender (%) 67.7
BMI (kg/sqm) 24.95 ± 4.64
Dyslipidemia (%) 44.3
Hypertension (%) 31.1
Smoker (%) 24.6
Obesity (%) 24.6
Sleep apnea (%) 6.6
Chronic kidney disease (%) 1.6
Diabetes (%) 3.3
Palpitations 46 (75.4%)
Dyspnea 14 (23%)
Atypical symptoms (EKG diagnosis) 14 (23%)
Presyncope/syncope 9 (14.7%)

Table 2. Antiarrhythmic treatment history
Mean number of AAD 1.67 ± 0.9
Mean number of AAD in RV 1.58 ± 1.06
Mean number of AAD in LV 1.76 ± 0.8
Mean number of AAD in tCMP 2.14 ± 0.9
Mean number of AAD in non-tCMP 1.60 ± 0.9
Beta-blocker (%) 71.4
Propaphenone (%) 40.8
Amiodarone (%) 28.6
Sotalol (%) 18
Flecainide (%) 6.1
Verapamil (%) 4.1
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In tCMP patients, systolic function recovery (as ex-
pressed by LVEF) was most important (i.e. 87.35% of 
entire recovery) during the fi rst month post-ablation 
by reaching 54.6 ± 3.64% from 38 ± 5.26% (p = 0.009) 
and continued over the entire monitoring period at 3 
months (56 ± 2.23%, p = 0.003) and 6 months (57.85 ± 
2.73%, p = 0.004). Baseline LVEF in non-tCMP patients 
was 56.93 ± 3.87%; LVEF recovery was encountered 
(1 month - 58.07 ± 2.33%, p = 0.11; 3 months - 58.44 
± 2.65%, p = 0.09, 6 months 57.85 ± 2.66%, p = 0.09), 
yet statistically insignifi cant.

Retrospective analysis of tCMP risk factors. 
Retrograde VA conduction, male gender, NSVT were 
signifi cantly more frequent in tCMP when compared 
to non-tCMP subgroup; BMI and PVC burden were 
statistically higher in tCMP patients. However, there 
was no statistical difference in PVC QRS duration, ba-
seline QRS duration, average heart rate (HR) or age 
and no particular PVC origin predicted tCMP.

Receiver-operator characteristic curve analysis de-
monstrated higher sensitivity of tCMP susceptibility 

(36.1%) and required 1 procedure in 86.4% of cases. 
Rarest origins targeted (1 case each) were the poste-
romedial papillary muscle and the moderator band but 
required multiple procedures (5 and 3 respectively). 
There was no procedure related mortality.

Post-procedural evolution. In patients with 
chronic procedural success, RF ablation lead to a sta-
tistically signifi cant reduction of PVC burden (< 0.7% 
PVCs) during the follow-up interval. The mean avera-
ge heart rate of patients with acute procedural success 
was subsequently reduced throughout the follow-up 
interval (1 month - 77.05 ± 7.5 bpm, statistically diffe-
rent from baseline average HR - p = 0.03; 3 months 
- 77.64 ± 6.36, not statistically different compared to 1 
month average HR - p = 0.1; 6 months - 74.30 ± 7.90, 
statistically different from 3 month average HR - p = 
0.001) in comparison to the initial value (80.76 ± 8.33), 
with lack of statistical signifi cance at 3 months.

Table 3. Procedural outcomes on PVC burden and 
mean heart rate
Chronic procedural success (%) 89.6
Acute procedural success (%) 84.8
Number of procedures 1.44 ± 0.7
PVC burden – baselinea (%) 25.80 ± 11.64
PVC burden - 1 montha (%) 0.46 ± 1.04 p<0.001
PVC burden - 3 monthsa (%) 0.62 ± 1.06 p<0.001
PVC burden - 6 monthsa (%) 0.14 ± 0.44 p<0.001
Mean HR - baselineb (%) 80.76 ± 8.33
Mean HR - 1 monthb (%) 77.05 ± 7.5 p = 0.035

(compared to 
baseline value)

Mean HR - 3 monthsb (%) 77.64 ± 6.36 p = 0.102
(compared to 1 
month value)

Mean HR - 6 monthsb (%) 74.30 ± 7.90 p = 0.001 
(compared to 3 
months value)

a – with chronic success, b – with acute success

Figure 1. PVCs origin sites. Figure 2. PVC burden evolution at 1 month follow-up post-radiofrequen-
cy ablation.

Figure 3. Evolution of left ventricular ejection fraction recovery after ra-
diofrequency ablation in tCMP and non-TCMP subgroups.
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Further follow-up data was not included in the current 
analysis, but trials show that LVEF recovery is gene-
rally limited to the fi rst 6 months post-RFA7,8. Though 
statistically insignifi cant, LVEF recovery was also ob-
served in the non-tCMP group (which may be caused 
by arbitrary defi nition of LVD solely by < 50% and not 
by the extent of systolic performance recovery).

Retrospective analysis of tCMP risk factors
Several risk factors for tCMP development previous-
ly confi rmed in larger trials1,9 were signifi cantly diffe-
rently distributed or statistically different in tCMP & 
non-tCMP subgroups (i.e. male gender, NSVT, retro-
grade VA conduction; BMI, PVC burden).

Male gender. Male gender has been previously de-
scribed as an independent predictor of tCMP1; even 
if population-based trials show that PVCs seem to be 
more symptomatic in females10 (which may lead to 
earlier therapy and avoidance of LVD development in 
time), the neuro-hormonal implications of PVC-tCMP 
development have not yet been fully understood. 

Average heart rate. Two major components are 
considered to be involved in tCMP5 – tachycardia (i.e. 
high average heart rates) and dyssynchronous contrac-
tion (i.e. larger QRSs) during PVCs. Even though the-
re were no differences between average HR between 
tCMP and non-tCMP and average HR did not predict 
tCMP in logistic regression, our data shows signifi cant 
reduction in average HR 1 month after RFA (referring 
to tachycardia mediated systolic dysfunction). 

Retrograde ventriculoatrial conduction. Re-
trograde VA conduction is regarded as an indepen-
dent predictor of tCMP, which was consistent with 
our data. Long-term atrial retrograde activation ca-
uses an abnormal ventriculo-atrial contraction which 
may induce transient haemodynamic changes which in 
time can contribute to tCMP development11.

based on the composite index (AUC 0.800) in com-
parison to PVC burden (AUC 0.781) over a certain 
interval of specifi city attributed to patients with 16.95-
25.93% PVC burden.

DISCUSSIONS
Procedural results and post-ablation evolution. 
Similarly to data derived from previous clinical trials1-4, 
chronic success by RFA was obtained in almost 90% of 
cases and RVOT was the most frequent origin (which 
usually required one procedure). Mitro-aortic conti-
nuity was the most frequent left-sided origin. 

Complete LVEF recovery after RFA is to be expec-
ted in pure tCMP5 (as defi ned by LVEF <50% with com-
plete reversibility post-RFA) and was mostly noted 
throughout the fi rst month (some trials even showing 
LVEF normalization during the fi rst week post-RFA6) 
and sustained over the 6 months monitoring period.  

Table 4. tCMP risk factors distribution in tCMP and non-tCMP subgroup
tCMP non-tCMP p

Retrograde P (%) 85.7 38.3 0.01
Male gender (%) 71.4 26.9 0.01
NSVT (%) 71.4 28.6 0.01
Couplets (%) 83.3 75 0.65
Age (years) 41 ± 19.05 42.83 ± 15.37 0.77
BMI (kg/sqm) 28.27 ± 4.89 24.39 ± 4.47 0.03
PVC burden - baseline (%) 35 ± 8.16 24.49 ± 11.53 0.03
Mean HR - baseline (bpm) 77.17 ± 4.26 79.13 ± 8.96 0.60
PVC QRS duration (ms) 149.8 ± 14.87 148.42 ± 15.09 0.84
Baseline QRS duration (ms) 87 ± 16.27 78.33 ± 9.13 0.07
Coupling interval (ms) 470.2 ± 73.19 464 ± 73.84 0.88

Figure 4. Receiver-operator characteristic curve indicating combination 
of sensitivity and specifi city for tCMP development based on PVC burden 
and composite index. PVC = premature ventricular complex.
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CONCLUSIONS
In patients with ~17-25% PVCs (i.e. below PVC bur-
den-based cut-off of tCMP prediction) patients at risk 
of tCMP development may be better identifi ed (in 
comparison to PVC burden alone) by accounting for 
PVC burden, PVC QRS duration and coupling interval 
simultaneously.

Confl ict of interest: none declared.
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