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Background: Our aim was to investigate the association of premature atrial complexes
and the risk of recurrent stroke or death in patients with ischemic stroke in sinus
rhythm. Methods: In a prospective cohort study, we used 24-hour Holter record-
ings to evaluate premature atrial complexes in patients consecutively admitted with
ischemic strokes. Excessive premature atrial complexes were defined as >14 pre-
mature atrial complexes per hour and 3 or more runs of premature atrial complexes
per 24 hours. During follow-up, 48-hour Holter recordings were performed after 6
and 12 months. Among patients in sinus rhythm, the association of excessive pre-
mature atrial complexes and the primary end point of recurrent stroke or death
were estimated in both crude and adjusted Cox proportional hazards models. We
further evaluated excessive premature atrial complexes contra atrial fibrillation in
relation to the primary end point. Results: Of the 256 patients included, 89 had
atrial fibrillation. Of the patients in sinus rhythm (n = 167), 31 had excessive pre-
mature atrial complexes. During a median follow-up of 32 months, 50 patients (30%
of patients in sinus rhythm) had recurrent strokes (n = 20) or died (n = 30). In both
crude and adjusted models, excessive premature atrial complexes were associated
with the primary end point, but not with newly diagnosed atrial fibrillation. Com-
pared with patients in atrial fibrillation, those with excessive premature atrial complexes
had similarly high risks of the primary end point. Conclusions: In patients with
ischemic stroke and sinus rhythm, excessive premature atrial complexes were as-
sociated with a higher risk of recurrent stroke or death. Key Words: Atrial
fibrillation—ischemic stroke—prognosis—premature atrial complexes.
© 2017 National Stroke Association. Published by Elsevier Inc. All rights reserved.

Introduction

Stroke is related to severe disabilities and a high
risk of stroke recurrence and death.1,2 A major risk factor
is atrial fibrillation (AF),3 which may, if paroxysmal, be
difficult to diagnose. AF is thought to be triggered by
atrial ectopic beats originating predominantly from the
area around the pulmonary veins.4 Such premature
atrial complexes (PACs) presenting singly or as short
runs are common findings on electrocardiograms (ECGs)
and are typically considered harmless. However, they
have recently been investigated in both healthy adults
and patients with stroke for the prediction of subclini-
cal AF.

Increased atrial ectopic activity has been shown to be
correlated with increased risk of AF,5-9 although no causal
relationship has been demonstrated. Among healthy adults,
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a correlation was found between excessive PACs
(ePACs) and stroke, beyond incident AF,10 and with a
high risk of death,11,12 but the prognostic impact of
PACs in patients with ischemic stroke is not fully
elucidated. In particular, it is unknown whether the
prognosis for patients with ischemic stroke with PACs
is the same as that for patients with ischemic stroke and
AF.3

The aim of the study was to investigate whether in-
creased atrial ectopic activity is associated with an increased
risk of death, recurrent stroke, and AF in patients with
ischemic stroke and sinus rhythm (SR), and to compare
prognoses in patients with high burdens of PACs and
patients with AF.

Methods

Study Design

This prospective single-center observational cohort study
complies with the Declaration of Helsinki and was ap-
proved by the regional Ethics Committee. Before inclusion,
all patients gave written informed consent directly or
through a surrogate when appropriate. The study was

registered at Clinicaltrials.gov with the unique identifi-
er NCT02180542.

Patients

Patients admitted to this study were >18 years and ad-
mitted with acute ischemic stroke at the stroke unit of
Svendborg Hospital from 2012 to 2014. Strokes were
defined according to the criteria of the World Health
Organization,13 and patients were included within 96 hours
of stroke onset. Hemorrhagic and ischemic strokes were
distinguished based on computed tomography and mag-
netic resonance imaging scans. Patients with hemorrhagic
strokes were excluded. Further exclusion criteria are listed
in Figure 1.

Each patient underwent a 12-lead ECG. As part of stan-
dard care, patients presenting in SR underwent 48 hours
of continuous inpatient cardiac telemetry (CICT) to detect
AF. To evaluate PACs, each patient without AF had a sub-
sequent 24-hour Holter recording (Spacelabs Healthcare
Lifecard CF, Issaquah, WA) performed 2-4 days after
enrollment. In addition, a standard transthoracic
echocardiography study was performed in all patients.

Figure 1. Method flowchart. Abbreviations: AF, atrial
fibrillation; CICT, continuous inpatient cardiac telem-
etry; ECG, echocardiogram; ePACs, excessive PACs;
OAC, oral anticoagulant treatment; PAC, premature
atrial complex; SR, sinus rhythm.
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Patients who were found not to have had strokes and
those with unsuccessful Holter recordings were later ex-
cluded from further evaluation (Fig 1).

Information on baseline characteristics was assessed from
interviews and from patient records with respect to medical
history and medical status.

Stroke severity was evaluated according to the Scan-
dinavian Stroke Scale (SSS) and reflected the clinical
condition at the time of maximum impairment within the
first 4 days from admission. The SSS is a validated neu-
rological stroke scale in Scandinavia that evaluates stroke
severity. The scores range from 0 to 58, with 58 indicat-
ing a normal score.14 Patients were stratified into 2 groups
according to stroke severity. A severe stroke was defined
as an SSS score of ≤25, and a mild-to-moderate stroke
was defined as an SSS score of >25, as previously used
by others.15

Holter Recordings and Definitions

Analyses of the baseline Holter recordings were
conducted by 1 experienced observer blinded to patient
data using Spacelabs Healthcare Pathfinder SL,
an automated program. All automatically detected
events were manually reviewed and reclassified if
necessary.

Two categories of atrial ectopic activity were studied:
runs of PACs, defined as 3 or more consecutive PACs,
with an accelerated cycle length lasting <30 seconds; and
number of isolated PACs. An isolated PAC was defined
as a complex with a premature P (the coupling interval
to the preceding QRS complex had to be ≤75% of the
mean RR interval of basic rhythm before the event) and
with a QRS complex similar or identical to those of the
normal sinus beats.

Additionally, if AF was registered, anticoagulant treat-
ment was initiated if not contraindicated. AF was defined
according to the guidelines of the American College of
Cardiology/American Heart Association and with du-
ration of ≥30 seconds.16

We defined ePACs from a cutoff set at the top quartile
for both the number of runs of PACs and the frequency
of PACs. This definition is frequently used by others with
regard to the frequency of PACs.6,7,17 Accordingly, ePACs
were defined as >14 PACs per hour and 3 or more runs
of PACs per 24 hours.

Patients were divided into 3 groups according to their
heart rhythm: patients with AF (patients with a history
of AF, AF on the initial ECG, CICT, or baseline Holter),
patients in SR with ePACs, and patients in SR without
ePACs.

Follow-Up

Patients were followed until February 2016 or until death.
To screen for AF during follow-up, 48-hour Holter

recordings were performed after 6 and 12 months from
enrollment. The Holter analyses were conducted by trained
and experienced technicians who were blinded to patient
data.

The study was designed with a combined end point,
taking the size of our population into account. The primary
end point was death or recurrent stroke. Recurrent stroke
was defined as either a recurrent ischemic stroke or a
transient ischemic attack. The secondary end points were
death, recurrent stroke, and AF, respectively.

Information on new occurrences of AF, recurrent stroke,
and death within the follow-up period was retrieved from
the medical records and discharge summaries of our hos-
pital and other institutions, and from Holter analyses
during follow-up.

Statistical Analysis

Distributions of baseline characteristics in the 3 groups
were summarized and compared pairwise using the chi-
square test for categorical variables and the t-test for
continuous variables.

We carried out a survival analysis comparing pa-
tients in SR with ePACs from the top quartiles with those
of the bottom 3 quartiles (SR without ePACs). Kaplan–
Meier survival estimators and the log-rank test were used
to investigate the risk of recurrent stroke or death in the
2 groups. A Cox proportional hazards model was used
to estimate the hazard ratios (HR) of ePACs in relation
to the primary end point and to the end point of death
in crude and adjusted models. To determine the associ-
ation between ePACs and the end point of recurrent stroke
and AF, respectively, the Fine–Gray regression model was
used, with death treated as a competing risk.18 Covariates
used for the adjusted models were age, sex, previous stroke,
hypertension, diabetes, coronary artery disease, stroke se-
verity, left ventricular ejection fraction, and left atrial end
diastolic volume indexed on body surface area (LAEDV).

All the models were adjusted for age and sex. Other
covariates were entered into the model only if they had
P ≤ .1 in a univariate analysis. The included covariates
are specified under each table. All analyses were repeat-
ed, including only patients with mild-to-moderate ischemic
strokes. Furthermore, we repeated all analyses, includ-
ing number of PACs per 24 hours (as a continuous variable
on a log scale) or runs of PACs (as a dichotomous vari-
able) as a predictor instead of ePACs.

Finally, in an adjusted Cox regression model, we com-
pared the risk of the primary end point in the ePACs
group and the AF group.

In all survival analyses, we used Schoenfeld residuals
to verify the proportional hazard assumption and checked
interaction terms when appropriate. P values <.05 were
considered statistically significant. To evaluate the inter-
and intra-rater variability, we produced Bland–Altman plots
to compare the Holter measurements produced by 2 raters.
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Statistical analyses were performed using STATA, version
14.1 IC (StataCorp LP, College Station, TX).

Results

Of the 437 eligible patients, 209 were excluded accord-
ing to the exclusion criteria (Fig 1). We included 264 patients
in the study, but 8 were excluded from further evalua-
tion (Fig 1). Of the remaining 256 patients, 89 were
diagnosed with AF (n = 64 with known AF, n = 14 with
AF at ECG, n = 8 with AF at CICT, and n = 3 with AF at
baseline Holter). All patients in SR (n = 167) had com-
plete 24-hour Holter recordings during admission. Of the
patients presenting in SR at discharge and without known
AF, there were 83 (50%) patients who had runs of PACs.
The number of PACs per 24 hours was represented with
a median of 49 (interquartile range, 13-347), and patients
with ePACs (n = 31) comprised 19% of the patients in SR.

Baseline characteristics are summarized in Table 1. Pa-
tients in SR with ePACs were older, had more severe
strokes, had a higher total CHA2DS2-VASc score, and had
a markedly enlarged left atrial volume than did pa-
tients in SR without ePACs (Table 1).

During a median follow-up of 32 months (interquartile
range, 23-40), 34 patients in SR died and 20 had a re-
current stroke. No patients were lost to follow-up. The
primary end point of recurrent stroke or death occurred
in 50 patients, and the Kaplan–Meier survival curve (Fig 2)
showed a greater number of events among patients with
ePACs than in those without. According to the log-rank
test, the difference between the groups was statistically
significant (P = .014).

In the Cox regression analysis, ePACs were associ-
ated with recurrent stroke or death in both crude and
adjusted models (Table 2). The total number of PACs
was statistically significant in the crude model and in

Table 1. Baseline characteristics of ischemic stroke patients

All
(n = 256)

A B C P

SR without
ePACs

(n = 136)

SR with
ePACs

(n = 31)
AF

(n = 89) A > < B B > < C

Male sex 141 (55) 84 (62) 17 (55) 40 (45) .477 .342
Age, y 73 ± 12.6 68 ± 12.7 78 ± 8.3 80 ± 9.4 <.001 .236
Comorbidity:

Previous stroke 84 (33) 43 (32) 8 (26) 33 (37) .526 .254
CAD 34 (13) 16 (12) 2 (6) 16 (18) .389 .122
Diabetes mellitus 34 (13) 22 (16) 2 (6) 10 (11) .164 .444
Hypertension 145 (57) 77 (57) 17 (55) 51 (57) .857 .812

SSS score 42.4 ± 15.3 45.9 ± 13.0 39.6 ± 15.9 38.1 ± 17.1 .022 .670
SSS score > 25 221 (86) 125 (92) 27 (87) 69 (78) .397 .251
BMI (kg/m2) 25.9 ± 4.3 26.5 ± 4.2 24.6 ± 4.0 25.5 ± 4.5 .021 .342
Smoking (%) 76 (30) 55 (40) 8 (26) 13 (15) .143 .252
Hypercholesterolemia 98 (28) 49 (36) 9 (29) 40 (45) .460 .121
Antithrombotics 66 (26) 35 (26) 7 (23) 24 (27) .715 .631
OAC at discharge 77 (30) 2 (1) 0 (0) 75 (84) — —
CHA2DS2-VASc* 4.64 ± 1.34 4.21 ± 1.32 4.87 ± 1.18 5.24 ± 1.19 .011 .142
HAS-BLED† 2.42 ± .77 2.28 ± .80 2.55 ± .72 2.62 ± .70 .089 .637
Time of monitoring, h 65.4 ± 19.9 65.8 ± 18.0 68.2 ± 23.1 55.5 ± 26.4 .533 .104
Echocardiographic characteristics

LVEF, % 51.2 ± 12.4 53.5 ± 11.1 55.0 ± 8.0 46.5 ± 14.1 .531 .004
IVSd, cm 1.27 ± .35 1.24 ± .32 1.32 ± .36 1.29 ± .38 .269 .697
LAEDV, mL/m2 30.6 ± 14.4 23.9 ± 8.9 31.2 ± 18.0 40.6 ± 14.3 .003 .007
E/E’ 8.95 ± 4.7 8.2 ± 3.9 8.5 ± 4.1 10.2 ± 5.8 .758 .165

Abbreviations: CAD, coronary artery disease; CHA2DS2-VASc, Congestive heart failure, Hypertension, Age, Diabetes mellitus, Stroke,
Vascular disease, Age, and Sex; HAS-BLED = Hypertension, Abnormal renal or liver function, Stroke, Bleeding, Labile international nor-
malized ratio, Elderly, Drugs or alcohol; IVSd, interventricular septal diameter; LAEDV, left atrial end diastolic volume indexed on body
surface area; LVEF, left ventricular ejection fraction; OAC, oral anticoagulant treatment; PAC, premature atrial complex; SSS, Scandinavian
Stroke Scale.

Values are mean ± SD and n (%).
*CHA2DS2-VASc score at discharge counts 2 points each for previous stroke or transient ischemic attack and age ≥ 75 years, and 1 point

each for age 65-74 years, heart failure, hypertension, diabetes mellitus, vascular disease, and female sex.
†HAS-BLED score at discharge counts 1 point each for hypertension, abnormal renal or liver function, stroke, bleeding, labile interna-

tional normalized ratio, elderly (age ≥ 65), drugs or alcohol concomitantly.
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the adjusted model, including only patients with
mild-to-moderate ischemic stroke. The association of the
predictor variable runs of PACs and the primary end point
was not statistically significant in any of the models
(Table 2).

For the end point of death, ePACs were associated with
death in the crude model. In the adjusted model, there
was a tendency toward an association of ePACs and the
risk of death, and this association was confirmed in the
adjusted model, including only patients with mild-to-
moderate ischemic stroke (Table 2). Number of PACs and

runs of PACs were similarly associated with the primary
end point in both the crude model and the adjusted model,
excluding patients with severe strokes.

For the end point of recurrent stroke, patients with
ePACs tended to have a higher risk of having the event
than patients without, but the result was not statistical-
ly significant in any of the models.

Incident AF during follow-up was diagnosed in only
9 patients, 2 of whom were diagnosed from the Holter
recordings. Only 62% of patients in SR completed both
Holter recordings during follow-up. There was a tendency

Figure 2. Kaplan–Meier survival curve of recurrent
stroke or death-free survival in patients with and without
ePACs. Abbreviations: ePACs, excessive PACs; PAC,
premature atrial complex; SR, sinus rhythm; TIA, tran-
sient ischemic attack.

Table 2. Cox regression models showing the risk of recurrent stroke or death and death in relation to PACs

Recurrent stroke or death Death

HR (95% CI) P HR (95% CI) P

Crude model
ePACs 2.55 (1.41-4.63) .002 3.84 (1.94-7.61) <.001
No. of PACs/24 h‡ 1.22 (1.09-1.37) .001 1.33 (1.16-1.53) <.001
Runs of PACs 1.41 (.81-2.47) .224 2.81 (1.34-5.87) .006

Model 1*
ePACs 1.89 (1.00-3.49) .049 2.06 (.97-4.35) .059
No. of PACs/24 h‡ 1.13 (.99-1.30) .071 1.14 (.96-1.34) .136
Runs of PACs 1.17 (.66-2.06) .590 1.85 (.87-3.92) .111

Model 2†
ePACs 2.20 (1.13-4.24) .019 3.61 (1.53-8.51) .003
No. of PACs/24 h‡ 1.19 (1.03-1.37) .021 1.26 (1.05-1.51) .014
Runs of PACs 1.26 (.68-2.33) .467 3.17 (1.26-8.01) .038

Abbreviations: ePACs, excessive PACs; HR, hazard ratio; PAC, premature atrial complex; SSS, Scandinavian Stroke Scale.
*The model was adjusted for age, sex, and stroke severity for the end point of recurrent stroke or death, and for age, sex, stroke severity,

and coronary artery disease for the end point of death.
†The model included only patients with mild and moderate ischemic stroke (SSS >25) (n = 153), and was adjusted for age and sex for the

end point of recurrent stroke or death, and for age, sex, and coronary artery disease for the end point of death.
‡Number of PACs per 24 hour presented as HR per 1 unit on a log scale.
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toward an association of ePACs with development of AF
in both crude and adjusted models, but it was not sta-
tistically significant (Table 3).

LAEDV was not associated with end points in any of
the univariate analyses. Including LAEDV in the ad-
justed models did not change the results. Furthermore,
no interaction was found between ePACs and LAEDV.

Patients in SR with ePACs and those with AF were
almost comparable according to age and stroke severi-
ty, but echocardiographic features of left ventricular ejection
fraction and LAEDV were significantly different. Pa-
tients with ePACs had smaller LAEDVs and, in general,
less comorbidity. Of patients diagnosed with AF, 84% were
treated with oral anticoagulant treatment (OAC) at dis-
charge (Table 1). Cox regression models comparing the
primary end point for patients with ePACs and AF did
not show a statistically significant difference between the
2 groups (crude: HR = .83 [.47-1.48], P = .532; adjusted:
HR = .84 [.47-1.50], P = .549).

In regard to the Holter analyses, the Bland–Altman plot
revealed good intra- and inter-rater agreement. The limits
of agreement all contained zero, indicating no system-
atic bias in measurements.

Discussion

In this prospective study of patients with ischemic stroke,
ePACs were found to be associated with a higher risk
of recurrent stroke or death in patients with SR. Fur-
thermore, we found that the characteristics and prognoses
in terms of recurrent stroke or death of patients with ePACs
approximated those of patients with AF.

In general, the definition of frequent PACs is not well
defined. Different cutoffs have been used to define fre-
quencies of PACs, and not all studies include runs of
PACs.8,19,20 We tried to approach an excessive burden of
PACs, and the classification of runs of PACs and fre-
quent PACs in the present study is in line with the
definitions used by Kochhäuser et al.7

To our knowledge, this is the first prospective study
investigating ePACs in relation to death or recurrent isch-
emic stroke among patients with stroke. When studying
stroke survival, both AF and stroke severity were found
to be independent predictors of death.21 In the present
study, we found ePACs to be associated with recurrent
stroke or death, even when adjusted for stroke severity.
In the subgroup analysis excluding patients with severe
stroke, this association was even more robust. This result
is important because it is well known that patients with
severe stroke, compared with those with mild-to-
moderate ischemic stroke, have a higher mortality risk21

or suffer more severe disabilities, making secondary pre-
vention less clinically relevant. Furthermore, we found
runs of PACs to be associated with death in the sub-
group analysis, which is in line with results from a
retrospective study performed in a large ischemic stroke
population.22

Moreover, we found an association between the number
of PACs per 24 hours and the end points, which further
shows consistency in our results.

Our findings indicate that having ePACs is a marker
or a possible mediator of ischemic stroke or death, but
the mechanism is unclear. The most likely underlying
mechanism is that ePACs are precursors or markers of
subclinical paroxysmal AF, as suggested by others.7,8,23

However, we did not find a statistically significant as-
sociation between ePACs and the incidence of AF during
follow-up. The lack of statistical power could be an ex-
planation for the nonsignificant association, because only
9 patients had AF during follow-up. Moreover, we had
already diagnosed 11 patients with AF from carefully per-
formed cardiac monitoring (CICT and Holter) at the stroke
unit, whereas, in comparison, most previous studies re-
ported up to 24-hour monitoring after a stroke.8,24

Additionally, with respect to the larger LAEDV in pa-
tients with ePACs, compared with patients without
ePACs, we cannot rule out that the presence of ePACs
could be only a marker of heart disease and cardiovas-
cular mortality.

Currently, only AF and atrial flutter have been viewed
as causing ischemic stroke and, therefore being an indi-
cation for considering OAC treatment,25 whereas PACs
typically have been considered harmless. The results in
the present study indicate that patients with high burdens
of atrial electric instability, such as ePACs, may resem-
ble patients with AF more than formerly assumed. Patients
with ePACs even tended to have higher risks of the
primary end points than do patients with AF, and this
was despite a smaller LAEDV, less severe strokes, and
no marked dissimilarities in comorbidity. However, this
comparison is limited by the frequent use of OAC in the
AF group, and because the ePACs group likely did not
receive anticoagulation, the result must be interpreted with
caution. Nevertheless, it raises the issue of whether pa-
tients with ePACs are candidates for OAC.

Table 3. Competing risks model showing the risk of AF in the
follow-up in relation to PACs, with death as a competing risk

Crude model Adjusted model*

SHR (95%CI) P SHR (95%CI) P

ePACs 3.55 (.98-12.8) .053 3.05 (.70-13.3) .136
PACs/24 h‡ 1.29 (1.04-1.60) .018 1.24 (.89-1.73) .211
Runs of

PACs
2.18 (.57-8.36) .257 1.24 (.27-5.63) .779

Abbreviations: AF, atrial fibrillation; ePACs, excessive PACs; LVEF,
left ventricular ejection fraction; PAC, premature atrial complex; SHR,
subdistribution hazard ratio.

*Adjusted for age, sex, and LVEF.
‡Number of PACs per 24 hour presented as SHR per 1 unit on a

log scale.
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Limitations

This study had several limitations. With the prospec-
tive observational study design, selection bias cannot be
excluded, even though only a few patients were unwill-
ing to participate. However, with the surrogate consent,
even patients with acute severe disability could partici-
pate in the study. The cutoff set for ePACs was arbitrary
because an accepted cutoff does not exist. However, similar
cutoffs used for PACs were found to be diagnostically
useful in former studies among patients with stroke.7,9

Another limitation of the study is the small number of
events, which limits both the power to detect associa-
tions and the ability to control completely for all potential
confounders in the adjusted analyses. Although a wide
range of prognostic factors were evaluated in the anal-
yses and no patients were lost to follow-up, the possibility
that residual confounding could have influenced the results
cannot be excluded. Finally, the incidence of AF was very
likely underestimated, because not all patients com-
pleted the outpatient monitoring scheduled during follow-
up. Accordingly, additional AF registration was evaluated
in the medical records in regard to medical status and
admissions with AF, with full knowledge that such a
method is also prone to result in an incomplete identi-
fication of AF, especially subclinical AF.

Conclusion

In a population of patients with ischemic stroke, ePACs
were associated with a higher risk of recurrent stroke or
death among patients in SR. In regard to patient char-
acteristics, patients with ePACs resembled patients with
AF. The evaluation of ePACs might contribute to the se-
lection of patients for prolonged cardiac rhythm monitoring
to detect AF, but to determine whether such patients are
candidates for OAC treatment, randomized studies are
warranted.

Acknowledgment: We thank Thomas Rosen, MD, and staff
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