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Abstract

Background: The aim of the study was to evaluate the impact of
premature atrial contractions (PACs) burden, and the presence of non-
sustained ventricular tachycardia (NSVT) on prognosis and type of
major adverse cardiovascular events in patients with frequent prema-
ture ventricular contractions (PVCs).

Methods: We retrospectively studied 285 consecutive patients with
frequent PVCs defined as PVC count equal or higher than 1% of total
beats assessed with 24-h Holter recording. Patients with atrial fibril-
lation (AF) were excluded. We evaluated the impact of PAC burden
and the presence of NSVT on the primary end points of all-cause mor-
tality, stroke and new-onset AF, and secondary end points; arrhyth-
mic end point (arrhythmic death or hospitalizations for ventricular
arrhythmias) or heart failure (HF)-related end point (death or hospi-
talizations due to HF).

Results: The PAC number showed an adjusted hazard ratio (HR)
(95% confidence interval (CI), P value) of 1.077 (1.014 - 1.145, P
= 0.017) for all-cause mortality, 1.250 (1.080 - 1.447, P = 0.003)
for stroke, 1.090 (1.006 - 1.181, P = 0.036) for new-onset AF and
1.376 (1.128 - 1.679, P = 0.002) for the HF end point. The presence
of NSVT showed an adjusted HR (95% CI) of 3.644 (1.147 - 11.57, P
=0.028) for the arrhythmic end point.

Conclusions: In patients with frequent PVCs a high PAC count was
independently associated with increased mortality, higher rate of AF,
stroke and HF adverse events, but not with arrhythmic adverse events.
The presence of NSVT was independently associated with increased
arrhythmic adverse events, but not with overall mortality, AF, stroke
or HF events.
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Introduction

Premature ventricular contractions (PVCs) are a common find-
ing during long-term monitoring [1]. Although PVCs can oc-
cur in healthy persons, they are more frequent in the presence
of structural heart disease (SHD), sleep apnea [2], chronic ob-
structive pulmonary disease, and hyperthyroidism or stimulants
[3]. Frequent PVCs in the presence of SHD are associated with
a worse prognosis, especially in ischemic heart disease and in
the presence of complex forms. Lown’s grading of PVCs into
six categories [4] was initially proposed as a prognostic clas-
sification in the acute myocardial infarction (MI) scenario. Cur-
rently this classification is no longer used as an indication for
therapy, however some of the definitions are still used, like the
severity based on the morphology or in the presence of runs
of non-sustained ventricular tachycardia (NSVT). Recently the
presence of frequent or severe forms of PVCs have been associ-
ated with increased mortality, heart failure (HF), atrial fibrilla-
tion and stroke, even in the absence of known SHD [5-8].

However, patients often have frequent premature atrial
contractions (PAC), in addition to frequent PVCs as in the case
of older populations, especially in the presence of cardiovascu-
lar risk factors [9]. PACs have been considered a benign inci-
dent for many years. Recent studies have demonstrated an as-
sociation between PACs and atrial fibrillation (AF) and stroke
[10-13]. In fact, frequent PACS have been considered an inde-
pendent marker of stroke, adverse cardiovascular events and
death, suggesting that the risk associated with frequent PACs
is beyond the association with AF [10, 12].

In previous studies that evaluated the role of frequent
PVCs as predictors of outcomes like HF, new-onset AF and
stroke [7, 8, 14], none has assessed the role of concomitant
frequent PACs. The aim of this study was to evaluate the im-
pact of the number of PACs and the presence of NSVT on all-
cause mortality and on major adverse cardiovascular events
(MACES) in patients with frequent PVCs.

Materials and Methods

Patients

We evaluated 1,967 consecutive patients older than 18 years
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who underwent 24-h Holter monitoring in our center, between
June 2006 and December 2010. We selected patients with fre-
quent PVC, defined as PVCs representing more than 1% of to-
tal number of heart beats, because according to Dukes et al [5]
this is the cut-off point that provides the best sensitivity/speci-
ficity relation for prediction of adverse outcomes (n = 530).
Patients with AF, atrial flutter or any rhythm other than sinus
during recording were excluded (n = 168). Patients who were
lost to follow-up (n = 50) and patients with previous history
of documented atrial AF or atrial flutter (n = 27) were further
excluded. The final study population included 285 patients.

Study design

We retrospectively recorded the demographic data. From the
medical records we collected the presence of diabetes, hyper-
tension, hypercholesterolemia, antiarrhythmic and beta-block-
er use, presence of SHD and its type. The CHA,DS,VASc risk
was calculated according to the presence of congestive HF/left
ventricular dysfunction (1 point); hypertension (1 point); age
> 75 years (2 points); diabetes mellitus (1 point); history of
stroke, transient ischemic attack (TIA) or thromboembolism
(2 points); vascular disease (history of MI, vascular disease
or aortic atherosclerosis) (1 point); age 65 - 74 years (1 point)
and female gender (1 point). We considered the presence of a
high stroke risk if the CHA,DS,VASc score was higher than 2
in men or 3 in women.

All transthoracic echocardiograms were retrospectively
collected. Echocardiographic evaluation included M-mode
measurements of the left atrium diameter (LAD), left ventricu-
lar end diastolic diameter (LVDD), left ventricular end systolic
diameter (LVSD) and left ventricular fractional shortening
(LVFS) obtained in the left parasternal view. Holter recording
was performed with the use of three-channel tape recorders
(GE SEER LIGHT®). Recordings had to exceed 20 h and be
of good quality to be analyzed and all of them were reviewed.

On Holter evaluation, maximal, minimal and mean heart
rate, number of PACs/24 h (PACs/day), presence of supraven-
tricular runs of more than five PACs, number of PVCs/24 h
(PVCs/day), morphology of the PVCs, polymorphic versus
monomorphic, this variable was not available in 10 patients
corresponding to 3.5% of the study population, presence of
runs of more than five PVCs (NSVT) and presence of atrio-
ventricular (AV) node disease were assessed.

Follow-up data were retrieved from the national patient
registry and from medical records or discharge letters, and
were validated by reviewing patients’ files. Patients who failed
to have recent clinical records were contacted by phone.

Death was ascertained by reviewing medical records, or
from national patient registry.

HF death was defined as worsening HF, manifested as car-
diogenic shock, pulmonary edema or increase in HF symptoms
and drug therapy, or hospitalization due to decompensated HF
prior to death. Arrhythmic death was defined as instantaneous
death or death in patients who were resuscitated from a sudden
cardiac arrest or occurred within 24 h of acute symptoms in the
absence of pre-existing circulatory failure, and if unobserved,
assumed to be acute and instantaneous.
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Ischemic stroke was defined as a neurological deficit of
sudden onset that persisted for more than 24 h. It was con-
firmed by computerized axial tomography or magnetic reso-
nance imaging of the brain. New-onset AF was defined as AF
documented by a standard 12-lead electrocardiogram (ECQG)
or a new 24-h Holter monitoring. Hospitalization was defined
as an overnight stay in a hospital ward. The cause of hospi-
talization was obtained from medical records, and cardiovas-
cular hospitalization included the ones due to aggravated HF,
ventricular arrhythmia, bradyarrhythmia or acute coronary
syndromes. The primary end points determined were all-cause
mortality, stroke and new-onset AF. Secondary end point was
the type of MACE during follow-up: arrhythmic MACE; ar-
rhythmic death or hospitalizations due to ventricular arrhyth-
mias (VA), or HF-related MACE; death or hospitalizations due
to HF.

Ethics

The Ethical Committee of the Centro Hospitalar de Setubal ap-
proved the study. The study is in compliance with the Helsinki
Declaration. The informed consent was waived via the Ethical
Committee.

Statistical analysis

All analyses were performed using SPSS statistical software,
version 24.0 (SPSS, Inc, Chicago, Illinois). Data are expressed
as median and interquartile range (IQR) for continuous vari-
ables due to lack of normal distribution, and as frequencies and
percentages for categorical variables.

The relative risk for a given end point associated with the
different variables studied was estimated by calculating the
hazard ratio (HR) using a Cox regression hazards model. To
adjust for potential confounders like age, gender, cardiovas-
cular risk factors, CHA,DS,VASc, presence of SHD, incident
AF, LVFS, and LAD, multivariable Cox proportional-hazards
model was used. The assumption of linearity for continuous
covariates was tested and confirmed. We used a log (base 2)
transformation of the PVC count and PAC count to meet mod-
el linearity assumptions. The proportional hazard assumption
was tested for each of the Cox models based on Schoenfeld
residuals for continuous variables and on “log-minus-log” plot
for categorical variables.

Receiver operator characteristic curves (ROC) and areas
under the curve (AUC) were obtained to determine the dis-
criminative power of PAC burden as predictor of all-cause
death (AUC = 0.669, P <0.0001; 95% confidence interval (CI)
(0.606 - 0.733). Optimal cut-point value for the number of
PACs/day was obtained (Youden index) and patients were di-
vided according to this value (Fig. 1). The optimum cut-point
value for predicting mortality was 70 PACs on 24-h ECG mon-
itoring (70 PACs/day), with sensitivity 61% and specificity of
65%, P < 0.0001, which was considered excessive atrial ec-
topic activity (EAEA). Baseline characteristics in patients with
and without EAEA and in patients with and without NSVT
were compared using the Chi-square test for categorical vari-
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Figure 1. ROC curve survival analysis by PAC number. PAC: prema-
ture atrial contraction; ROC: receiver operator characteristic.

ables and the Mann-Whitney U test for continuous variables.
Kaplan-Meier survival function was used to compare the
event-free survival in the groups with and without EAEA and
with and without NSVT. The Log- rank test (Mantel-Cox test)
was used for comparison between groups.

Results

Baseline characteristics

The baseline characteristics of patients with and without
EAEA are presented in Table 1. Patients with EAEA were gen-
erally older, with a higher incidence of hypertension, higher
CHA,DS,VASc score and were less frequently on beta-block-
ers. On the Holter recording patients with EAEA had lower
maximal and mean heart rate, lower number of PVCs/day. The
PVCs were more frequently polymorphic and finally, had more
frequently runs of PACs. The echocardiographic evaluation
showed larger LAD and larger LVDD. Patients with NSVT
were more frequently male, had more SHD; the morphology
of the PVCs was more frequently polymorphic and had larger
left atrium and left ventricle (Table 2).

Follow-up

The median follow-up time was 8.4 (5.1 - 10) years, corre-
sponding to 2,158 person-years. It was significantly shorter in
the EAEA group, respectively, 7.6 (3.9 - 9.6) versus 8.7 (7.6
- 10.3) years, P < 0.0001, and in patients with NSVT, 7.8 (3.8
- 9.5) versus 8.6 (5.5 - 10) years, P =0.026.

During the follow-up period, there were 119 (42%) deaths,
10 (4%) due to HF and eight (3%) arrhythmic deaths, 19 (7%)
strokes. Sixty-four patients (25%) developed AF. There were
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48 (17%) cardiovascular (CV) hospitalizations, 14 (5%) due to
HF and five (2%) due to ventricular arrhythmias. The numbers
of events per 1,000 person-years according to the presence of
EAEA or NSVT are displayed in Table 3.

End points
Number of PACs and primary end points

The number of PACs was associated with higher all-cause
mortality, with an unadjusted estimated HR (95% CI) of 1.131
(1.080 - 1.084), P <0.0001 (Table 4). After adjustment to age,
CHA,DS,VASc score, presence of SHD, beta-blocker thera-
py, new-onset AF, LAD and LVFS, the number of PACs was
still associated with an increase in all-cause mortality with an
estimated HR (95% CI) of 1.077 (1.014 - 1.145), P = 0.017.
The number of PACs was also associated with higher rates of
stroke and new-onset AF unadjusted HR (95% CI) of 1.321
(1.163 - 1.501), P < 0.0001 and 1.193 (1.117 - 1.275), P <
0.0001 respectively. After multivariable adjustment for con-
founding variables the number of PACS was still associated
with a higher risk of stroke and new-onset AF, with an adjusted
HR (95% CI) of 1.250 (1.080 - 1.447), P=0.003 for stroke and
1.090 (1.006 - 1.181), P =0.036 for new-onset AF.

NSVT and primary end points

The presence of NSVT episodes was associated with an in-
crease in the risk of all-cause mortality with unadjusted HR
(95% CI) of 1.530 (1.001 - 2.337), P = 0.049 (Table 4). After
adjustment to age, CHA,DS,VASc score, beta-blocker thera-
py, presence of SHD, new-onset AF, LAD and LVFS, the pres-
ence of episodes of NSVT was not associated with an increase
in all-cause mortality.

Number of PACs and secondary end points

The number of PACs/day was associated with an increase in
the risk of HF MACE with unadjusted HR (95% CI) of 1.287
(1.119 - 1.482), P < 0.0001 (Table 4), and after adjustment to
age, presence of SHD, beta-blocker therapy, new-onset AF and
LVES, the rate remained higher, with an adjusted HR (95% CI)
of 1.376 (1.128 - 1.679), P = 0.002. The number of PACs was
not associated with the risk of arrhythmic MACE.

NSVT and secondary end points

The presence of NSVT was associated with the risk of HF and
arrhythmic MACE with unadjusted HR (95% CI) of 4.255
(1.542 - 11.74), P=10.049 and 4.424 (1.484 - 13.19), P=0.008
(Table 4). After adjustment for confounding variables, NSVT
was associated with the rate of arrhythmic MACE with an ad-
justed HR (95% CI) of 3.644 (1.147 - 11.57), P=0.028 but not
with HF MACE.
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Table 1. Baseline Characteristics in the Two Groups With and Without EAEA

Overall sample (n = 285) EAEA (-) (n = 158) EAEA (+) (n=127) P value®

Demographic data

Age (years) 68 (60 - 76) 62 (53 -73) 74 (66 - 79) <0.0001

Male gender, n (%) 171 (60) 92 (58) 79 (62) 0.544
Risk factors

Diabetes, n (%) 66 (26) 35(26) 31(27) 0.887

Hypertension, n (%) 216 (86) 108 (80) 108 (93) 0.003

Dyslipidemia, n (%) 143 (57) 78 (58) 65 (56) 0.799
High CHA,DS,VASc® 191(76) 87 (64) 104 (90) <0.0001
Previous stroke, n (%) 39 (14) 19 (12) 20 (15) 0.390
Etiology

Structural heart disease, n (%) 118 (41) 67 (42) 51 (40) 0.718

Ischemic heart disease n (%) 86 (30) 49 (73) 37 (73) 0.999
Medications

Beta-blockers, n (%) 106 (37) 67 (42) 39 (31) 0.049

Antiarrhythmics®, n (%) 16 (6) 8(5) 8 (6) 0.797
24 - h Holter recording

Maximal heart rate (bpm) 113 (100 - 126) 115 (102 - 126) 109 (98 - 128) 0.048

Minimal heart rate (bpm) 49 (43 - 54) 49 (44 - 55) 48 (42 - 53) 0.153

Mean heart rate (bpm) 71 (64 -79) 73 (65 - 81) 69 (63 - 78) 0.035

Number of PVCs/day 2,776 (1,594 - 7,025) 3,475 (1,623 - 8,402) 2,461 (1,526 - 4,790)  0.038

Polymorphic morphology, n (%) 192 (69%) 94 (61) 98 (81) <0.0001

NSVT, n (%) 54 (19) 25 (16) 29 (23) 0.171

Number of PACs/day 48 (7 - 445) 11(1-29) 636 (167 - 2,900) <0.0001

Supraventricular runs, n (%) 92 (32) 22 (14) 70 (55) <0.0001

AV node conduction disease, n (%) 49 (17) 24 (15) 25 (20) 0.346
Echocardiogram

LAD (mm) 37 (35 -42) 40 (35 - 45) 38 (35-43) 0.004

LVDD (mm) 53 (49 - 58) 51 (48 - 56) 55 (50 - 59) 0.029

LVSD (mm) 34 (30 - 40) 33 (30 - 40) 35 (30 - 40) 0.325

LVFS (%) 36 (30 - 40) 36 (28 - 40) 36 (30 - 40) 0.975
Follow-up in years 8.4 (5.1-10) 8.7 (7.6 - 10.3) 7.6 (3.9 -9.6) <0.0001

Values are presented as median (interquartile range) or n (%). ®The CHA,DS,VASc score was calculated according to the presence of congestive
heart failure/left ventricular dysfunction (1 point); hypertension (1 point); age = 75 years (2 points); diabetes mellitus (1 point); history of stroke, transi-
tory ischemic attack or thromboembolism (2 points); vascular disease (history of MI, vascular disease or aortic atherosclerosis) (1 point); age 65 - 74
years (1 point) and female gender (1 point). °Class | or class Ill antiarrhythmics. °P values were calculated using Mann-Whitney U test for continuous
variables and the Chi-square test for categorical variables. EAEA: excessive atrial ectopic activity; NSVT: non-sustained ventricular tachycardia;
PVC: premature ventricular contraction; PAC: premature atrial contraction; AV: atrioventricular; LAD: left atrium diameter; LVDD: left ventricular dias-
tolic diameter; LVSD: left ventricular systolic diameter; LVFS: left ventricular fractional shortening.

Predictors of risk

Presence of EAEA

The numbers of events per 1,000 person-years in the groups
with and without EAEA are shown in Table 3. Patients
with EAEA had a worse prognosis, higher all-cause mortal-

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

ity (83.2 versus 36.8 per 1,000 person-years), higher rate of
stroke (18.8 versus 2.3 per 1,000 person-years), higher rate
of new-onset AF (49.2 versus 16.9 per 1,000 person-years)
and, higher rate of the HF MACE (16.4 versus 0.8 per 1,000
person-years). The EAEA was not associated with the rate of
arrhythmic MACE.

They had a shorter overall survival (Fig. 2a), survival free
from new-onset AF (Fig. 2c), survival free from stroke (Fig.
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Table 2. Baseline Characteristics in the Patients With and Without NSVT

Overall sample (n = 285) NSVT (+) (n=54) NSVT (-) (n =231) P value®

Demographic

Age (years) 68 (60 - 76) 68 (61 - 76) 68 (60 - 76) 0.986

Male gender, n (%) 171 (60) 43 (80) 128 (55) 0.001
Risk factors

Diabetes, n (%) 66 (26) 11(23) 55(27) 0.715

Hypertension, n (%) 216 (86) 41 (87) 175 (86) 0.9999

Dyslipidemia, n (%) 143 (57) 27 (57) 116 (57) 0.9999
High CHA,DS,VASc? 191(76) 40 (87) 151 (74) 0.082
Previous stroke, n (%) 39 (14) 7 (13) 32 (14) 0.999
Etiology

SHD, n (%) 118 (41) 19 (35) 148 (64%) <0.0001

IHD n (%) 86 (30) 23 (34) 63 (76) 0.266
Medications

Beta-blockers, n (%) 106 (37) 21 (39) 85(37) 0.876

Antiarrhythmics®, n (%) 16 (6) 1(2) 15(7) 0.322
24 - h Holter recording

Maximal heart rate (bpm) 113 (100 - 126) 113 (102 - 126) 113 (100 - 125) 0.573

Minimal heart rate (bpm) 49 (43 - 54) 51 (44 - 56) 48 (43 - 53) 0.097

Mean heart rate (bpm) 71 (64 -79) 76 (65 - 82) 70 (64 - 78) 0.088

Number of PVC/day 2,776 (1,594 - 7,025) 3,573 (1,758 - 11,600) 2,589 (1,564 - 6,172) 0.068

Polymorphic, n (%) 192 (69%) 46 (89) 146 (66) 0.001

PAC > 70/day n (%) 127 (44) 29 (54) 98 (43) 0.171

Number of PACs/day 48 (7 - 445) 86 (6 - 1,092) 46 (7 - 382) 0.587

Supraventricular runs, n (%) 92 (32) 16 (30) 76 (33) 0.447

AV node disease, n (%) 49 (17) 12 (22) 37 (16) 0.316
Echocardiogram

LAD (mm) 37 (35-42) 41 (36 - 45) 38 (35-44) 0.007

LVDD (mm) 53 (49 - 58) 55 (52 - 63) 51 (48-57) <0.0001

LVSD (mm) 34 (30 - 40) 35(30-48) 33(30-39 0.004

LVFS (%) 36 (30 - 40) 34 (24 - 40) 36 (30 - 40) 0.081
Follow-up in years 8.4 (5.1-10) 7.8 (3.8-9.5) 8.6 (5.5-10) 0.026

Values are presented as median (interquartile range) or n (%). ®The CHA,DS,VASc score was calculated according to the presence of congestive
heart failure/left ventricular dysfunction (1 point); hypertension (1 point); age = 75 years (2 points); diabetes mellitus (1 point); history of stroke,
transitory ischemic attack or thromboembolism(2 points); vascular disease (history of MI, vascular disease or aortic atherosclerosis) (1 point); age
65 - 74 years (1 point) and female gender (1 point). PClass | or class Il antiarrhythmics. °P values were calculated using Mann-Whitney U test for
continuous variables and the Chi-square test for categorical variables. EAEA: excessive atrial ectopic activity (> 70 PACs/day); SHD: structural heart
disease; IHD: ischemic heart disease; NSVT: non-sustained ventricular tachycardia; PVC: premature ventricular contraction; PAC: premature atrial
contraction; AV: atrioventricular; LAD: left atrium diameter; LVDD: left ventricular diastolic diameter; LVSD: left ventricular systolic diameter; LVFS:
left ventricular fractional shortening.

2d), and survival free from HF death or HF hospitalizations with and without NSVT are shown in Table 3. Patients with

(Fig. 3a). NSVT had higher all-cause mortality (78 versus 50.5 per 1,000
person-years), higher rate of the HF MACE (19.5 versus 4.4 per
Presence of NSVT 1,000 person-years) and higher rate of the arrhythmic MACE

of arrhythmic death or VA hospitalizations (16.8 versus 5.5 per
1,000 person-years). The presence of NSVT was not signifi-

The numbers of events per 1,000 person-years in the groups cantly associated with a higher rate of stroke or new-onset AF.
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Table 3. Events per 1,000 Person-Years According to the Presence of EAEA or NSVT

Overall sample EAEA (-) EAEA (+) Bt

2,158 person-years 1,305 person-years 853 person-years
All-cause death 55 36.8 83.2 <0.0001
Stroke 8.8 2.3 18.8 <0.0001
New-onset AF 29.7 16.9 49.2 <0.0001
HF death or HF hospitalizations 7 0.8 16.4 <0.0001
Arrhythmic death or VA hospitalizations 6 5.4 7 0.661

Overall sample NSVT (-) NSVT (+)

2,158 person-years 1,800 person-years 358 person-years Pvaluet
All-cause death 55 50.5 78 0.047
Stroke 8.8 7.2 16.6 0.670
New-onset AF 29.7 27.2 42 0.052
HF death or HF hospitalizations 7 4.4 19.5 0.002
Arrhythmic death or VA hospitalizations 6 5.5 16.8 0.003

Values are presented in number of events per 1,000 person-years. AF; atrial fibrillation; HF: heart failure; VA: ventricular arrhythmia; EAEA: excessive
atrial ectopic activity; EAEA excessive atrial ectopic activity; NSVT: non-sustained VT episodes; NSVT: non-sustained VT episodes. 2P values were

calculated using the Log-rank test.

Patients with NSVT had a shorter overall survival (Fig.
2b), shorter survival free from HF death or HF hospitalizations
(Fig. 3b) and shorter survival free from arrhythmic death or VA

hospitalizations (Fig. 3d).

Discussion

Our study population was old and almost half of them had

structural heart disease which may explain the high mortality
and cardiovascular event rates. One of the inclusion criteria to
enter the study was having a minimum of 1% of ventricular
beats that were ectopic. So according to previous studies, this
is a population with a higher mortality and higher risk of cardi-
ovascular adverse events [5, 6, 15]. We observed that the pres-
ence of NSVT was independently associated with increased
all-cause mortality, and with arrhythmic death or VA hospitali-
zations. Patients with NSVT were older and sicker, yet after

Table 4. Cox Regression Models Showing the Hazard Ratio of Number of PACs, and Presence of NSVT in Relation to the Primary

and Secondary End Points

5 Unadjusted Adjusted
End points
HR (95% CI) P value HR (95% CI) P value!
Log, number of PACs/day
All - cause death 1.131 (1.080 - 1.084) <0.0001 1.077 (1.014 - 1.145)2 0.017
Stroke 1.321 (1.163 - 1.501) <0.0001 1.250 (1.080 - 1.447)® 0.003
New-onset AF 1.193 (1.117 - 1.275) <0.0001 1.090 (1.006 - 1.181)° 0.036
HF death or HF hospitalizations 1.287 (1.119 - 1.482) <0.0001 1.376 (1.128 - 1.679)¢ 0.002
Arrhythmic death or VA hospitalizations 1.080 (0.941 - 1.240) 0.273 -
NSVT
All - cause death 1.530 (1.001 - 2.337) 0.049 1.584 (0.990 - 2.534)2 0.055
HF death or HF hospitalizations 4.255(1.542-11.74) 0.005 1.519 (0.497 - 4.643)¢ 0.464
Arrhythmic death or VA hospitalizations 4.424 (1.484 - 13.19) 0.008 3.644 (1.147 - 11.57)° 0.028

aHR adjusted to age, CHA,DS,VASc score, presence of SHD, beta-blocker therapy,new-onset AF, LAD and LVFS. "HR adjusted to age, CHA,DS-
,VASc score, previous stroke, LAD and new-onset AF. °HR adjusted to age, hypertension, diabetes, beta-blocker therapy, presence of SHD and
LAD. 9HR adjusted to the presence of age, SHD, beta-blocker therapy, new-onset AF and LVFS. ¢HR adjusted to the presence of age, beta-blocker
therapy, structural heart disease and LVFS. fP values were calculated using the Cox proportional-hazards model. PAC: premature atrial contraction;
AF: atrial fibrillation; HF: heart failure; VA: ventricular arrhythmia; NSVT: non-sustained ventricular tachycardia; LAD: left atrium diameter; LVFS: left
ventricular fractional shortening; SHD: structural heart disease.
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Figure 2. Kaplan-Meier estimates for the primary end points. Overall survival in patients with and without EAEA (a), overall sur-
vival in patients with and without NSVT (b), AF free survival in patients with and EAEA (c), stroke free survival in patients with and
without EAEA (d). EAEA: excessive atrial ectopic activity; NSVT: non-sustained ventricular tachycardia.

adjustment to other covariables the presence of NSVT was still
associated with arrhythmic death or VA hospitalizations.

In a recent work, Lin et al [8] followed 3,767 patients
with apparently normal hearts for 10 + 1 year and found that
patients with NSVT had an increased risk of mortality, car-
diovascular hospitalization, ischemic stroke, and new-onset
HF.

In our group of patients, we also found a higher rate of HF
death or HF hospitalizations in patients with NSVT. However,
this effect is lost when adjusted to other risk variables.

Dukes et al [5] found an increase in mortality in patients
with frequent PVCs that according to the authors appeared
to be partly explained by incident HF. Left ventricular dys-
function induced by frequent PVCs has been described pre-
viously [16] although the underlying mechanism is still a
matter of debate. Studies with catheter ablation have dem-
onstrated left ventricular dysfunction in patients with a high
PVC burden which is reversible after successful catheter ab-
lation [17].

However, in most of these studies left ventricular dysfunc-
tion has been associated with a greater PVC burden, higher
than 10% and usually higher than 20% of total beats [16, 17].

Therefore, in the presence of a lower PVC burden as is the
case of our study, with PVCs representing a median of 2.7%
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of all heart beats (IQR: 1.65-6.8 %) or that of Dukes et al with
PVCs representing a median of 0.011% of all heart beats (IQR:
0.002-0.123%) [5], or in the study by Lin et al [8] with a mean
PVC burden of 176 + 423 beats per day, the possibility that
the increase in HF rate might be due to PVCs is questionable.
Also intriguing is the association between frequent PVCs and
stroke described by Lin et al [7, 8] and previously reported by
Agarwal et al [14]. In the latter, the authors found a stronger
association between frequent PVCs and embolic stroke than
thrombotic stroke. Therefore, the authors hypothesized that
the reason for that might have been an increased risk of AF in
those patients, and even suggested that patients with high PVC
burden could be monitored for AF.

In our study the presence of NSVT was not associated
with stroke or new-onset AF. On the other hand, the number
of PACs was associated with an increased risk of stroke and
new-onset AF, both before and after multivariable adjustment.

In all those previous studies that reported increased risk
of HF, stroke and AF due to high PVC burden, the authors did
not address the presence of frequent PACs in association with
frequent or complex PVCs. To the best of our knowledge we
present for the first time a study that demonstrates the role of
PAC burden as a marker of prognosis in patients with frequent
PVCs and is capable of explaining the high rate of HF events,
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Figure 3. Kaplan-Meier estimates for the secondary end points. Survival free from HF death or HF hospitalizations in patients
with and without EAEA (a), survival free from HF death or HF hospitalizations in patients with and without NSVT (b), survival free
from arrhythmic death or VA hospitalizations in patients with and without EAEA (c), survival free from arrhythmic death or VA hos-
pitalizations in patients with and without NSVT (d). EAEA: excessive atrial ectopic activity; HF: heart failure; NSVT: non-sustained

ventricular tachycardia; VA: ventricular arrhythmia.

stroke or AF occurrence in patients with PVCs.

Patients with EAEA were older, had more hypertension
and larger left atrium dimension. Old age is a recognized risk
factor for development of AF and for PACs [9]. Several studies
have shown that PACs and subclinical atrial arrhythmias are
independent predictors of AF and stroke [10, 11, 13]. Some
authors proposed that frequent PACs could be a marker of a
higher prevalence of cardiovascular risk factors such as hy-
pertension, diabetes, dyslipidemia and that could explain the
higher incidence of stroke, independently of the development
of AF [11, 12]. In our study population, patients with frequent
PACs were older, had more frequently hypertension, and had a
higher CHA2DS2VASc score. However, the number of PACs
was independently associated with the risk of stroke. One ex-
planation for this fact might be that EAEA may lead to the
dilatation of left atrium and stasis in the left atrial appendage,
fibrosis and endothelial dysfunction resulting in a hypercoagu-
lable state similar to that seen in AF [18]. Likewise, subclinical
atrial arrhythmias like device-detected atrial high rate episodes
have been related to an increased risk of AF and stroke [19,
20].

The presence of frequent PACs on the other hand is not
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associated with arrhythmic events as opposed to the presence
of NSVT that was associated with an adjusted 3.6-fold higher
rate of arrhythmic death or VA hospitalizations.

These results, if replicated in other future studies with a
higher number of patients may have potential clinical implica-
tions and shed some light into the mechanisms of high rates of
HF, stroke and AF in patients with frequent PVCs.

Limitations

There were some limitations to our study. First of all, it was
an observational and retrospective study and the high cardio-
vascular adverse event rate may result from a type of refer-
ence bias. The cut-point value of PVCs equal or higher than
1% of total beats may have selected a very high-risk popula-
tion, although by using multivariable regression, we aimed
at overcoming this limitation. We cannot exclude the pres-
ence of other risk factors that were not assessed like smoking
habits, sleep apnea or chronic obstructive pulmonary disease.
Further prospective studies with a higher number of patients
are needed.
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Conclusions

In conclusion, in this group of patients with frequent PVCs,
the presence of EAEA was independently associated with in-
creased mortality, higher rate of incident AF, stroke, HF death
or HF hospitalization but not with arrhythmic death or VA hos-
pitalizations. Patients with NSVT had also a worse prognosis,
and were more likely to have arrhythmic events. However, the
presence of NSVT was not independently associated with in-
creased all-cause mortality, a higher risk of HF events, stroke
or new-onset AF.
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