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Abstract
Purpose of Review Excessive supraventricular ectopic activity (ESVEA), in the form of frequent premature atrial contractions
(PACs) and runs of PACs, is commonly observed in clinical practice and is frequently considered to be benign. Yet, recent studies
have demonstrated a link between ESVEA and adverse cardiovascular outcomes. The aim of this meta-analysis was to examine
the association between ESVEA and the risk of atrial fibrillation (AF), stroke, and mortality.
Recent Findings A systematic search was performed in PubMed, EMBASE, and the Cochrane Library up to December 2017 to
identify studies assessing adverse cardiovascular outcomes in patients with ESVEA, recorded on ambulatory electrocardiogra-
phy. ESVEAwas defined as a burden of PACs > 30 PACs/h or any runs of ≥20 PACs. The risk estimates for EVSEA and each
clinical endpoint were pooled and analyzed separately.
Results Five studies comprising 7545 participants were included in this meta-analysis. The pooled analysis showed that ESVEA
doubled the risk of AF (HR 2.19, 95% CI 1.70–2.82). ESVEAwas also associated with a higher incidence of stroke (HR 2.23,
95% CI 1.24–4.02). Finally, ESVEAwas associated with higher all-cause mortality (HR 1.61, 95% CI 1.25–2.07).
Summary Our meta-analysis found that ESVEA is closely associated with AF, stroke, and all-cause mortality. Further studies are
required to examine the implication of therapeutic strategies in patients with ESVEA, in order to prevent potential subsequent
adverse cardiovascular outcomes.
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Introduction

Premature atrial contractions (PACs) are a frequent electrocar-
diographic finding across all age groups, whereas the PAC
burden shows a consistent increase with advancing age
[1–6]. Although PACs have been considered benign for years
[3, 7, 8], association with atrial fibrillation (AF) [9–15] as well
as with traditional risk factors for cardiovascular disease has
been shown in the last two decades [2]. These data may sug-
gest that PACs could be an expression of underlying cardiac
pathologies and a harbinger of future adverse clinical events.

The term “excessive supraventricular ectopic activity”
(ESVEA) has been used in previous studies to describe a high
burden of PACs, short supraventricular runs (SVRs), and/or
runs of dozens of PACs. Population-based observational stud-
ies have shown that baseline PAC burden, whether recorded
during rest [16–22] or with ambulatory electrocardiography
[23–33], independently predicts new AF [20, 21, 24, 26, 27]
and other cardiovascular outcomes [23–25, 28, 31]. The clin-
ical significance of PACs has also been confirmed in a specific
patient group with a high incidence of AF, such as in patients
with stroke [34–38, 39••, 40], electrically cardioverted AF
[41, 42], or post AF ablation [43, 44]. Other studies however
failed to demonstrate a statistically significant association be-
tween ESVEA and cardiovascular outcomes especially after
adjustment for covariates [26, 39••, 41, 45, 46].

Of note, most of the preceding studies are encumbered by a
substantial heterogeneity regarding the demographics of the
included population, the method of recording PACs/SVRs, the
optimal cutoff points that characterize the supraventricular
activity as “excessive,” and the definitions of clinical end-
points. Thus, we sought to perform a systematic review and
meta-analysis of all the relevant outcome data aiming to shed
further light into the prognostic significance of ESVEA.
Specifically, we investigated the association of ESVEA with
increased risk of incident AF, stroke, and cardiovascular mor-
bidity/mortality.

Methods

We analyzed relevant studies assessing adverse cardiovascular
outcomes in patients with and without ESVEA on ambulatory
electrocardiographic monitoring. We defined ESVEA as
PACs burden > 30 per hour and/or runs of ≥ 20 PACs or
PACs burden > 218 per 24 h according to the optimal cutoff
values set in the recent studies reflecting the current perception
of their clinical significance [23, 47, 48•]. We included studies
presenting primary or secondary outcomes related to AF,
myocardial infarction (MI), coronary artery disease, stroke/
transient ischemic attack (TIA), cerebrovascular disease, heart
failure, and mortality. We also included studies reporting a

composite endpoint and we analyzed separately independent
outcomes.

We systematically and independently interrogated the on-
line databases of PubMed, Embase, and the Cochrane
Database to identify relevant studies published up to
December 2017. The search terms used were as follows: (atri-
al premature or atrial ectopy or supraventricular premature or
supraventricular ectopy or atrioventricular junctional prema-
ture or atrioventricular junctional ectopy) and (atrial fibrilla-
tion or myocardial infarction or coronary heart disease or
stroke or cerebrovascular disease or transient ischemic attack
or heart failure or hospitalization rate or mortality). There were
no restrictions with respect to the date of publication or
language.

Two independent reviewers (L. M. and J. H.) screened the
potentially eligible studies. Additionally, titles, abstracts, and
references retrieved from relevant studies were searched for
additional studies consistent with the inclusion criteria, while
bibliographies of original articles were also manually
reviewed. Potentially relevant reports were then retrieved as
complete manuscripts and assessed for conformity with inclu-
sion criteria. Uncertain ties or disagreements between re-
viewers were resolved through consensus after rechecking
the source data and consultation with a third reviewer (T.L.).

Articles were included if they met the following inclusion
criteria: (a) the study design was a prospective or retrospective
cohort analysis; (b) PAC burden at baseline and during follow-
up was measured using Holter or other ambulatory ECG re-
cording methods, and PAC burden was greater than 30 PACs
per hour and/or runs of ≥ 20 PACs or PACs burden > 218 per
24 h; (c) predefined clinical outcomes were assessed during
follow-up; (d) the hazard ratios (HRs) and the corresponding
95% confidence intervals (CI) were reported for ESVEA and
adverse outcomes. Regarding multiple articles originating
from the same cohort and reporting the same event, only those
with the largest sample and the longest follow-up duration
were included. In addition, only studies of patients with no
history of previous AF were included.

Two blinded reviewers (L. M. and J. H.) independently
extracted the demographic and clinical outcome data from
the selected studies using a standard data extraction form.
From each study, we collected information on data on study
design, number of participants, male/female ratio, mean age,
duration of follow-up, study population, methods of ESVEA
detection, and type of ESVEA. We also collected information
on pre-specified adverse outcomes, i.e., the incidence of ad-
verse events, the unadjusted and adjusted hazard ratios and
their 95% CIs, and the variables used in multivariate analyses.

To limit heterogeneity in study designs, the methodo-
logical quality of included articles was assessed by apply-
ing the Newcastle-Ottawa Score (NOS) checklist [49]. We
graded quality as good (≥ 7 stars), fair (4–6 stars), and
poor (< 4 stars).
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The demographic characteristics of included patients were
described as mean ± SD, median (interquartile range), or per-
centages as appropriate. According to the different adverse
outcomes, we pooled the risk estimates for ESVEA and each
clinical endpoint separately. The primary adverse outcomes
assessed in this meta-analysis were the relative risk for AF,
stroke, and mortality.

Pooled effect sizes were presented as the HR with 95% CI
for each trial, using a random effects model. Since the related
data were occasionally absent, we utilized raw data to calcu-
late unadjusted risk estimates. We used the random effects
model for pooling effect sizes because of the wide range of
sample populations contained in the included studies.

Statistical heterogeneity across studies was assessed by ÷2
test and quantified with the use of the I2 statistic. An I2 > 50%

is indicative of at least moderate heterogeneity. To assess the
effect of individual studies on the estimated relative risk, we
also performed a sensitivity analysis by recalculating the
pooled relative risk after omitting one study at a time and
checking the consistency of the overall effect estimate.
Furthermore, publication bias was evaluated by inspecting
the funnel plot for each outcome. Statistical significance was
defined as a 2-tailed p value of 0.05. All statistical analyses
were performed with the Review Manager, version 5.3
(Revman; The Cochrane Collaboration, Oxford, UK).

Results

The flow diagram of our literature search is shown in Fig. 1. A
total of 6564 studies were retrieved by using our predefined
search criteria. After removing 4865 duplicate records, we fur-
ther excluded 1639 studies, as they were irrelevant, case-control
or cross-sectional studies, individual case reports, editorials, and
review articles. Among the remaining 60 original studies, 55
articles were further excluded for the following reasons: the
definition of ESVEA in 29 studies was inconsistent, 12 had
no outcome estimates in details, and the values could not be
retrieved from raw data; 6 were abstracts without full-texts; 2
had no clear definition of ESVEA; 4 were animal studies or
electrophysiological studies; and 2 were derived from the same
study population. Finally, a total of 5 studies with 7545 patients
were included in our meta-analysis: 3 prospective cohort studies
[24, 26, 48] and 2 retrospective cohort studies [27, 30].

Baseline characteristics of included studies are listed in
Table 1; the proportion of male participants ranged from 44
to 96%, and mean age from 61 to 66 years. The average
follow-up duration varied from a minimum of 6.1 years to a

Fig. 1 Study selection flow diagram of the meta-analysis

Table. 1 Characteristics of the studies included in the meta-analysis

Author, year Location Study
design

Subject
no.

Male/female
(%)

Age (years) Follow-up Detection
of
PACs

Study population

Binici, 2010 [24] Denmark PS 678 59/41 64.5 ± 6.8 14.4 years 48-h Holter Participants in the Copenhagen
Holter Study cohort free of CVD,
stroke, or AF

Chong, 2012 [26] China PS 428 44/56 66.7 ± 10.2 6.1 years 24-h Holter Patients without AF or structural
heart disease

Acharya 2015 [30] USA RS 706 96/4 63.7 ± 12.5 13 years 24-h Holter Veterans free of AF at baseline

Lin, 2015 [27] Taiwan RS 5371 60/40 61.76 ± 18.57 10 years 24-h Holter AF-free patients who underwent
clinically indicated Holter
monitoring

Marinheiro, 2017 [48•] Portugal PS 362 56/44 NA 7.1 years 24-h Holter Patients without stroke or AF
between 2005 and 2010 in a
single center

Values represent means ± SD

AF atrial fibrillation, CVD cardiovascular disease, NA not available, PAC premature atrial complexes, PS prospective cohort study, RS retrospective
cohort study
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maximum of 14.4 years. The methods of ESVEA detection
included 24-h or 48-h Holter recordings. Table 2 provides a
description of different ESVEA definitions among included
studies, examined outcomes, and risk ratios according to the
presence of ESVEA. The main potential confounders used in
multivariate analysis and the quality of the included studies in
terms of NOS are shown in Table 3.

All the included studies investigated the potential associa-
tion between ESVEA and the risk of AF [24, 26, 27, 30, 48].

The pooled analysis showed that ESVEA increased the risk of
AF (HR 2.19, 95% CI 1.70–2.82), with slight heterogeneity
across studies (I2 = 41%, p < 0.00001) (Fig. 2). Sensitivity and
subgroup analyses were performed to find the origin of het-
erogeneity in the studies for investigating the potential asso-
ciation between ESVEA and the risk of AF. After removing
the study by Lin et al. [27], which had the largest number of
enrolled patients, significant difference was found on hetero-
geneity across the remaining studies (I2 = 3%, p < 0.00001),

Table 2 Study characteristics in terms of ESVEA definition, studied outcomes, and risk ratios

Author, year Definition Definition of outcome Total events/
participants

Unadjusted risk2 (95%
CI)

Adjusted risk2 (95%
CI)

Binici 2010 [24] ESVEA (SVEC ≥ 30/h
or as any episodes
with runs of ≥ 20
SVEC)

All-cause mortality 87/678 HR 2.12 (1.30–3.47) HR 1.40 (0.83–2.36)

Death or stroke 105/678 HR 2.54 (1.66–3.90) HR 1.64 (1.03–2.60)

AF 22/678 HR 3.19 (1.30–7.86) HR 2.78(1.08–6.99)

Stroke 27/678 HR 3.88(1.78–8.48) HR 2.37(1.02–5.50)

Chong, 2012 [26] PACs ≥ 100/24 h AF incidence 60/428 NA HR 3.22 (1.9–5.5)

Composite endpoint
of IS, CHF, or death

99/428 NA HR 1.6 (1.04–2.44)

Ischemic stroke 41/428 NA HR 2.1 (1.1–4.8)

CHF 35/428 NA HR 2.2 (1.2–5.6)

Death 60/428 NA HR 1.8 (1.1–3.6)

CVD 75/428 NA HR 1.95 (1.37–3.50)

Acharya, 2015 [30] PACs > 100/24 h Incident AF 108/706 HR 3.37 (2.18–5.22) HR 2.87 (1.65–4.98)

Lin, 2015 [27] PACs > 76/24 h All-cause mortality 1209/5371 HR 2.188 (1.953–2.451) HR 1.384
(1.230–1.558)

CVD hospitalization 1166/5371 HR 1.744 (1.555–1.957) HR 1.284
(1.137–1.451)

All-cause
hospitalization

3104/5371 HR 1.436 (1.338–1.542) HR 1.060
(0.983–1.143)

AF incidence 418/5371 HR 2.305 (1.898–2.799) HR 1.757
(1.427–2.163)

Marinheiro, 2017 [48•] EAEA± (PACs = 30–97/h) AF 13/114 HR 1.68(1.05–2.69) HR 1.90 (1.10–2.78)

All-cause death 42/114 HR 1.69 (1.06–2.72) HR 2.01 (1.06–2.52)

AF atrial fibrillation,CHF chronic heart failure, CVD cardiac vascular disease, EAEA excessive atrial ectopic activity, ESVEA excessive supraventricular
ectopic activity, HR hazard ratio, IS ischemic stroke, NA not available, PAC premature atrial complexes, SVEC supraventricular ectopic complexes

Table 3 Potential confounders and Newcastle-Ottawa Scale (NOS) of included studies

Study Confounders used in multivariate analysis NOS Quality

Binici, 2010 [24] Age, sex, smoking habits, diabetes mellitus, systolic blood pressure,
and total cholesterol

9 Good

Chong, 2012 [26] Age, sex, smoking status, hypertension, diabetes, and coronary
artery disease

9 Good

Acharya, 2015 [30] Demographics, medication use, co-morbidities, laboratory, and
echocardiographic findings

8 Good

Lin, 2015 [27] Age, sex, hypertension, coronary heart disease, previous myocardial
infarction, heart failure, use of antihypertensive medication

9 Good

Marinheiro 2017 [48•] Sex, age, body mass index, current smoking, hypertension, diabetes
mellitus, blood glucose, creatinine, low-density lipoprotein (LDL)
cholesterol, coronary or peripheral arterial disease and heart failure

8 good
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but the overall results remained the same (HR 2.44, 95% CI
1.87 to 3.18).

Two studies assessed the association between ESVEA and the
risk of stroke [24, 26]. The study by Binici et al. demonstrated an
association between ESVEA and stroke (HR 1.64, 95%CI 1.03–
2.60) [24] and a similar findingwas reported byChong et al. (HR
2.1, 95% CI 1.1–4.8) [26]. Collectively, the above studies
showed an overall association between ESVEA and stroke
(HR 2.23, 95% CI 1.24–4.02), with no heterogeneity across
studies (I2 = 0%, p= 0.008) (Fig. 2). However, the pooled anal-
ysis showed that there was no association between ESVEA and
all-cause mortality (HR 2.10, 95% CI 0.92–4.80).

Four studies assessed the association between ESVEA and
all-cause mortality [24, 26, 27, 48•]. The pooled analysis of all
studies showed that ESVEA increased the risk of all-cause
mortality (HR 1.61, 95% CI 1.25–2.07), with moderate het-
erogeneity across studies (I2 = 65%, p = 0.0002) (Fig. 2). We
also performed sensitivity and subgroup analyses to find the
origin of heterogeneity. Similarly, after removing the study by
Lin et al. [27], which had the largest number of enrolled pa-
tients, significant difference was found on heterogeneity
across the remaining studies (I2 = 0%, p < 0.00001), and the
overall results remained the same (HR 1.89, 95% CI 1.55 to
2.31).

We also performed the predefined subgroup analyses using
different definitions of ESVEAand the type of studies (retrospec-
tive versus prospective). Firstly, we classified studies into two
groups: in group 1, ESVEA is defined based on PACs burden
per 24 h, while in group 2, ESVEA is defined based on PACs
burden per hour and/or runs of PACs as detailed in the
“Methods” section. In group 1, the pooled analysis showed that
therewas an association between ESVEA andAF incidence (HR
2.38, 95%CI 1.55 to 3.66) and the same also applied for group 2
(HR 2.01, 95%CI 1.41 to 2.86, Appendix Fig. 4. In addition, the
subgroup analysis showed that ESVEA is predictive of all-cause
mortality in both groups (group 1 HR 1.39 95% CI 1.24 to 1.57,
group 2 HR 1.82 95% CI 1.32 to 2.50, Appendix Fig. 5. Then,
we also classified studies into the retrospective or prospective
groups depending on the types of study. In Appendix Fig. 6,
the pooled analysis showed that therewas an association between
ESVEA andAF incidence, nomatter in retrospective or prospec-
tive groups (HR 2.09, 95% CI 1.32 to 3.31 vs. HR 2.39, 95% CI
1.66 to 3.43). In addition, the pooled analysis showed that
ESVEA is predictive of all-cause mortality in both groups (ret-
rospective group: HR 1.38, 95% CI 1.22 to 1.56; prospective
group: HR 1.89, 95% CI 1.55 to 2.31; Appendix Fig. 7.
Finally, the results of the funnel plot suggested that little publi-
cation bias was present (Fig. 3).

Fig. 2 Risk estimates for the association between ESVEA and the risk of (1) AF incidence, (2) stroke, and (3) death. AF, atrial fibrillation; ESVEA,
excessive supraventricular ectopic activity
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Discussion

The present meta-analysis including 5 studies with 7545 par-
ticipants shows that ESVEA is associated with the following:
(i) a 2-fold increased risk of incident AF, (ii) a higher likeli-
hood of stroke, and (iii) increased risk of all-cause mortality.
Even though several original studies have examined the po-
tential association of ESVEAwith AF and other cardiovascu-
lar outcomes, this systematic analysis is the first to synthesize
all available data and produce pooled risk estimates on cardio-
vascular outcomes in a group of individuals with a consider-
able burden of PACs.

A causal relationship between PACs and initiation of AF
has been proposed since 1965 [9, 50]. Contemporary research
has unanimously recognized PACs critical to AF pathogenesis
having considered data from Holter recordings [9, 11, 13, 15,
51] and electrophysiological studies [20]. Indeed, Vincenti
et al. found 95% of AF episodes to be preceded by a triggering
PAC, while PAC frequency was significantly increased before
the AF episode [51]. Pulmonary veins have been consistently
shown to be the focus of most AF-triggering PACs either
clinically [10, 14] or experimentally [12]. More complex sup-
raventricular activity than single PACs, namely atrial bigemi-
ny and short atrial runs, have also been shown to precede AF
[15].

Regarding the observed association of ESVEA with
incident stroke or TIA, various pathophysiologic mecha-
nisms have been proposed. The most widely accepted
theory involves the development of subclinical AF be-
cause of atrial ectopic triggers [52]. Increased atrial
ectopy has also been associated with traditional risk fac-
tors for cardiovascular disease (low HDL, physical
inactivity, existing cardiovascular disease, NT-proBNP)
[2]. Therefore, ESVEA may be a surrogate marker of a
poor cardiovascular risk factor profile, potentially respon-
sible for an increased propensity for subsequent stroke.
Larsen et al. [25] reported an association between

ESVEA and stroke beyond manifest AF. Atrial electrical
instability, exhibited as ESVEA, together with hyperten-
sion and other cardiovascular risk factors, can lead to left
atrial dilatation, wall fibrosis, and a hypercoagulable state
[53, 54]. The ESVEA-stroke association, as it was shown
in our meta-analysis, may imply that ESVEA can be con-
sidered as an emerging risk factor for stroke, independent
of concomitant AF.

Our meta-analysis also revealed a significant association
between ESVEA and all-cause mortality. Excessive atrial
ectopy, asmentioned before, may represent a surrogate marker
of a constellation of cardiovascular risk factors, hidden heart
disease, and an unfavorable cardiovascular profile in general.
Furthermore, AF, associated with ESVEA as shown above, is
well-known to increase cardiovascular mortality, myocardial
infarction, sudden cardiac death, and stroke mortality [55, 56].
Left ventricular diastolic dysfunction either detected
echocardiographically [57] or on the basis of elevated natri-
uretic peptide levels [2, 24] has been additionally correlated
with ESVEA.

Prior to this meta-analysis, many original studies var-
ied significantly in the definition of ESVEA, thereby im-
peding definite conclusions and the suggestion of univer-
sal cutoff points. In the majority of Holter studies, cutoff
points were derived from the > 90th percentile [24, 25,
31], the top quartile [26, 32, 35, 40], or quintile [23] of
observed values. Other researchers treated PAC counts as
continuous variables [28, 29], thus reporting risk ratios for
every doubling of PACs [29]. The resultant cutoff points
ranged from 70 [27] to 720 PACs/day in the Copenhagen
Holter Study [24, 25, 31], with most of them varying
around 100 PACs/day. We chose a PACs burden of > 30
per hour or > 218 per 24 h as optimal cutoffs for ESVEA
to avoid inclusion of non-clinically significant PAC oc-
currences. It would be challenging to define universal
cutoff points for ESVEA, especially considering that
PACs increase with progressing age. Another consider-
ation relates to the fact that in some studies, participants
were suffering from a specific disease (e.g., hypertension,
cryptogenic stroke, or cardioverts AF) in various propor-
tions. These discrepancies may have affected both the
outcomes and the generalizability of respective studies.
Of note, a recent meta-analysis assessing the effects of
PACs on cardiovascular outcomes, reported an association
with atrial fibrillation, first stroke and all-cause mortality.
This meta-analysis however was also limited by the con-
siderable variations in the definitions of PACs burden,
especially in cases where the PACs were treated as dichot-
omous variable [58••].

As this meta-analysis unveils a potential implication of
ESVEA on cardiovascular outcomes, future studies are
warranted to explore the impact of appropriate therapeutic
interventions. Prospective studies, possibly using

Fig. 3 The funnel plot for estimating the association between ESVEA
and the risk of AF incidence
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clinically indicated antiarrhythmic therapy or radiofre-
quency ablation, would be of utmost importance in eluci-
dating a potential clinical benefit of ESVEA suppression
on AF, stroke, and death incidence. Furthermore, the ef-
fects of anticoagulation or antiplatelet therapy in
preventing cerebrovascular events in individuals with
ESVEA should be investigated.

With regard to the limitations of this meta-analysis, a
degree of publication bias cannot be excluded. Significant
differences in the studies composing this meta-analysis
were noted, such as the duration of follow-up (2 to
10 years) and the study population (number of partici-
pants and baseline characteristics). These variations might
have affected our results. In addition, since this was a
meta-analysis of published studies as opposed to an indi-
vidual patient-level meta-analysis, they could not adjust
for potential confounders beyond what each of the indi-
vidual studies did. In that respect, some of the potential
confounders (e.g., presence of structural heart disease,
ejection fraction, and various cardiovascular risk factors)
were not uniformly adjusted for across studies and could
potentially confound the association or the effect size.

Conclusions

In conclusion, our meta-analysis found that ESVEA is closely
associated with AF, stroke, and all-cause mortality. Further
studies are required to examine the implication of therapeutic
strategies in patients with ESVEA, to prevent ESVEA-related
adverse cardiovascular outcomes.
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