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Presentation and Prognosis of Excessive Asymptomatic
Atrial Ectopy in Children and Adolescents With
Structurally and Functionally Normal Hearts

Thomas R. Joyce, MSa,b, James J. Joyce, MDb,c, Marye J. Gleva, MDd, and Sunita J. Ferns, MDc,e,*

Excessive premature atrial complexes (PACs) in pediatric patients with a structurally
normal heart are presumed to be benign and self-resolving, but no studies have con-
firmed this. Adults with excessive PACs, however, are at increased risk for future sus-
tained atrial arrhythmias and cardiovascular morbidity and mortality. Therefore, we
sought to evaluate the clinical course of frequent PACs in asymptomatic children.
Patients < 21 years old with numerous asymptomatic PACs (>50/24 hours) were retro-
spectively selected over a 10-year period. Demographics, clinical characteristics, and
results of cardiovascular testing were tabulated. Two groups were defined: those with a
significant (>20%) reduction in burden of atrial ectopy versus those with an insignificant
(<20%) reduction or increase. Of 6,902 patients, 343 patients (5%) met criteria. Initial
median age was 8.3 (interquartile range [IQR] 4.1 to 14) years with comparable male:
female ratio. Follow-up Holters were performed on 188 patients (54.8%) at a median
interval of 2.2 (IQR 1.3 to 3.6) years. Overall, there was a significant decrease in atrial
ectopy burden from 4.2% (IQR 1.9 to 6.5) down to 0.5% (IQR 0.01 to 2.3), with 166
patients (88.3%), demonstrating a decrease of over 20%. Five percent had a small
increase, and 6% had an insignificant decrease. None developed cardiac symptoms or
sustained supraventricular tachydysrhythmia. Male gender, athletic participation, and
discontinuation of stimulant medications were the chief predictors for a reduction of
PAC burden on follow-up. Atrial triplets at presentation were associated with a 5.4%
increase. In conclusion, this study confirms that excessive asymptomatic childhood
PACs with structurally normal hearts are rare and short-term to medium-term progno-
sis is benign. © 2023 The Author(s). Published by Elsevier Inc. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/) (Am J
Cardiol 2023;192:160−165)

Excessive premature atrial complexes (PACs) are early
atrial depolarizations that originate in the atrial myocar-
dium at a site distinct from the sinus node.1 Ambulatory
electrocardiographic monitoring studies of healthy pediat-
ric subjects, from neonates to adolescents, have reported
the maximum normal number of PACs from 24 to 50/
24 hours.2−5 In pediatric patients, excessive PACs are
more common in the fetus, during the second and third
trimester, and next in the newborn period.6 Most PACs
noted in the fetus resolve by the time of birth and those in
newborns by a few weeks to months of age.5,6 These are
only occasionally associated with a functional or structural
cardiac abnormality and usually do not predispose to
symptomatic arrhythmias. The presentation of numerous

isolated PACs is infrequent in children and adolescents
and, in the absence of symptoms or evident heart disease,
is presumed to be benign with likely gradual resolution
and a good prognosis.1 Unlike younger pediatric patients,
adults with excessive PACs, variably defined as >76 to
>100 PACs/24 hours, have been shown to be at increased
risk of developing cardiovascular morbidity and mortal-
ity.7−9 There are no published studies that have evaluated
asymptomatic children and adolescents with excessive
PACs and no other evidence of heart disease. Therefore,
the purpose of this study was to outline the clinical presen-
tation, risk factors, and prognosis of excessive PACs in
these patients.

Methods

The study was a retrospective review of pediatric
patients at both the University of Florida-Jacksonville
Pediatric Cardiology at Wolfson Children’s Hospital and
Jacksonville Pediatric and Adult Congenital Cardiology.
The 2 programs together serviced Northeast Florida and
Southeast Georgia with a population of nearly 4.5 million.
Twenty-four hours Holter monitor reports for pediatric
patients from 1 to 20 years of age over a 10-year period
were reviewed for the frequency of premature atrial con-
tractions. Holters tabulated had at least 22 of 24 hours
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worth of data. The following definitions were used: exces-
sive premature atrial contractions were defined as >50/24
hours; nonsustained atrial tachycardia was defined as ≥ 4
beats of consecutive ectopic atrial complexes, 2 and 3 con-
secutive PACs were defined as an atrial couplet and triplet
respectively, blocked PAC was defined as a PAC not fol-
lowed by a QRS complex and multifocal PACs were
defined as PACs with 2 or more P wave morphologies.
Patients that had an indication for Holter with a correspond-
ing diagnosis in the Electronic Medical Record that listed
any category of congenital or noncongenital cardiac dis-
ease, preexisting arrhythmia disorder and/or cardiac symp-
toms were excluded from the analysis. Data for Holters was
extracted from MUSE Cardiology Information System (GE
Healthcare, Inc., Little Chalfont, United Kingdom) and the
Electronic Medical Record. Of the 11,216 Holters per-
formed on 6,902 patients, 356 patients met inclusion crite-
rion. Complete records were obtained for 343 patients that
consisted of the study group and were analyzed retrospec-
tively. Patient characteristics, including demographics, per-
tinent medical history, examination findings, medication
use, laboratory data, and athletic inclination (defined as par-
ticipation in a sport that involved physical strength, speed,
or endurance) were collected. Previous medical diagnosis
included (1) attention deficit hyperactivity disorder
(ADHD) defined as an inattentive, hyperactive, or combina-
tion type disorder that interferes with functioning or devel-
opment, (2) asthma, defined as a respiratory condition
marked by spasms in the bronchi of the lungs, causing diffi-
culty in, and (3) prematurity defined as birth before 37 com-
pleted weeks of gestation. All cardiac testing, including 12-
lead electrocardiogram, echocardiogram, Holter monitor, or
treadmill stress test (when obtained) were also collected
and reviewed. All cardiac testing results were read by a
pediatric cardiologist/electrophysiologist.

The number of follow-up Holter monitors was noted;
however, for the purpose of analysis, results of the most
recent Holter assessments were tabulated for comparison.
Patients with a repeat Holter were classified into 2 groups
on follow-up: those with a significant (≥20%) reduction in
burden of atrial ectopy versus those with an insignificant
(<20%) reduction or increase in burden of atrial ectopy.
The number of patients with an increase was few, and the
percentage increase was minimal, so a separate group was
not created for patients with an increased burden. The study
was approved by the Institutional Review Boards at the
University of Florida and Baptist Medical Center (Wolfson
Children’s Hospital, Jacksonville, Florida). Results are pre-
sented as median with interquartile range (IQR) for non-
normal quantitative data and mean § SD for parameters
that were normally distributed. The presence of a normal
distribution was determined using the Shapiro−Wilk test.
The Student’s t test and/or 95% confidence intervals (CI)
were used for normally distributed continuous data, and the
chi-square test for categorical data. A p value < 0.05 was
considered statistically significant.

The primary outcome was the change in the burden of
atrial ectopy (mean percentage of PACs) from baseline to
follow-up on repeat Holter monitoring. Repeated measures
mixed models were built for each predictor. To capture if
the changes in the burden of atrial ectopy from baseline to

follow-up were significantly associated with the predictor,
an interaction term between the predictor and time was
included in the model. Then, the predictors found to be
significant at 5% level of significance in the 1-predictor
models were included in multivariable analyses. The multi-
variable model fit was tested using the log:likelihood ratio
test. The magnitude of a change from baseline to follow-up
was described using the coefficient for the interaction term
between the predictor and time, along with its unadjusted
95% CI and the bootstrapped adjusted 95% CI,
respectively. Both unadjusted and adjusted analyses were
computed, and as they were similar, the authors reported
the adjusted estimates. The secondary outcome was a deter-
mination of patients that had a significant reduction
(>20%) in burden of atrial ectopy. The optimal cutoff point
for the baseline burden of atrial ectopy to classify the
patients into having or not having a significant reduction in
the burden of atrial ectopy was estimated using the area
under curve and Youden index J: Maximum (Sensitivity +
Specificity�1). Additional outcome measures evaluated
were progression to supraventricular tachycardia and other
cardiovascular morbidity. Analyses were performed using
SAS Version 9.4 for Windows (SAS Institute Inc., Cary,
North Carolina) and SPSS Statistics for Windows, Version
26.0 (IBM Corp., Armonk, New York).

Results

A total of 343 patients were identified from 6,902
patients (5%) who underwent Holter monitoring between
January 1, 2010, to December 31, 2019. The median age at
the initial Holter was 8.3 (IQR 4.1 to 14) years. The male:
female ratio was comparable. The demographics and clini-
cal parameters for the initial study group and sub-group
with follow-up Holters are listed in Table 1. In the indica-
tions for obtaining a Holter, the most common was an irreg-
ular heart rhythm. The most common preexisting medical
condition was a history of ADHD, followed by asthma. The
most common medications were those for ADHD and
asthma. No patients were on cardiac medications. An ath-
letic inclination was noted in 99 patients. On cardiac exami-
nation, an innocent murmur was noted in 80 patients.
Echocardiograms were performed in all except 5 patients,
and no structural or congenital heart disease was identified.
Treadmill testing was performed in 63 patients, with persis-
tence of ectopy noted in only 4 patients during peak exer-
cise. The results of the treadmill stress tests were otherwise
normal. The number of patients that had a follow-up Holter
was 188.

In the 188 patients (54.8% of the initial group) who
accomplished a follow-up Holter, the median age at last
Holter was 11.7 (IQR 6.8 to 17) years and was performed at
a median of 2.2 (IQR 1.3 to 3.6) years after the first Holter.
Recheck Holters were completed a median of 2 (range 1 to
5) times in those that had a follow-up Holter monitor. At
the time of the last repeat Holter, stimulant medications for
ADHD had been discontinued in 25 of 26 patients. Atrial
ectopic burden characterization is listed in Table 2.

Overall, there was a significant decrease in atrial ectopy
burden on repeat Holter examinations in terms of percent-
age PACs, atrial couplets, triplets, number of multifocal,
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blocked, and aberrantly conducted PACs. A total of 166
patients (88.3%) demonstrated a decrease in atrial ectopy
by over 20% from baseline. A total of 10 patients (5.3%)
had an increase in the ectopy burden over time, and 12
patients (6.3%) had an insignificant decrease. Nonsustained
AT, up to a maximum duration of 6 beats, was noted in 3
patients on the initial Holter but none on subsequent final

evaluations. Additionally, no patients had cardiovascular
morbidity documented during follow-up.

Table 3 lists the results from univariate and multivariate
logistic regression with associated 95% CI and odds ratio.
The change in percentage of PACs on follow-up was not
associated with age, height z-score or body mass index
when adjusting for all the other variables. When compared

Table 2

Holter data

Parameters All patients (n = 343) Patients with follow-Up data (n = 188) Initial Holter Follow-up Holter p Value (Initial

vs. Follow-up)

Interval between Holters (years) - 2.22 (1.3-3.6)

Average HR 88 (IQR 80-98) 89 (IQR 82-98) 82 (IQR 71-91)

HR Range- Low

High

52 (IQR 49-57)

176 (IQR 161-187)

53 (IQR 49-59)

176 (IQR 164-188)

51 (IQR 45-56)

172 (IQR 156-189)

% PACs 3.6 (IQR 0.7-5.4) 4.2 (IQR 1.9-6.5) 0.5 (0.01-2.3) <0.001
Atrial couplets(n) 137 (39.9%) 73 (39%) 48 (25.5%) <0.001
Atrial triplets(n) 24 (6.9%) 20 (10.6%) 8 (4.3%) 0.001

AT(n) 3 (0.87%) 3 (1.6%) 0

Multifocal PAC(n) 101 (29.4%) 67 (35.6%) 16 (8.5%) <0.001
Blocked PACs(n) 112 (32.6%) 97 (51.6%) 20 (10.6%) <0.001

AT = atrial tachycardia; HR, = Heart rate; IQR = interquartile range; PACs = premature atrial complexes.

Data are median and IQR for continuous and percentage for categorical variables.

Table 1

Baseline characteristics of study population and sub-group with follow-up Holters

Parameters All patients(n = 343) Patients with follow-Up Holters (n = 188)

Sex Male 184 (53%) 96 (51%)

Age at initial Holter (years) 8.3 (IQR 4.1-14) 7.6 (IQR 4-13.9)

Age at last Holter (years) - 11.7 (IQR 6.8-17)

Height(cm) for age z-score* +0.62 (95%CI +0.41,+0.83) +0.49 (95%CI +0.37,+0.61)

Weight (kg) 34 (IQR 17.9-62) 27.9 (IQR 16-61.4)

Body Surface Area 1.15 (IQR 0.72-1.69) 0.97 (IQR 0.67-1.68)

Body Mass Index 17.98 (IQR 15.94-23.19) 17.45 (IQR 15.6-23.01)

Clinic heart rate 82 (IQR 74-98) 87 (IQR 76-100)

Systolic blood pressure 107 (IQR 98-120) 104 (IQR 97-120)

Diastolic blood pressure 65 (IQR 60-70) 64 (IQR 60-70)

Oxygen Saturation 99 (IQR 98-100) 99 (IQR 99-100)

Preexisting medical condition:

None 254 (74%) 141(75%)

ADHD 39 (11.3%) 26 (13.8%)

Asthma 33 (9.6%) 16 (8.5%)

Prematurity 5 (1.4%) 2 (1.1%)

Other 2 (0.5%) 0

Reason for Clinical Presentation:

Irregular Heart Rhythm 193 (56.2%) 105 (55.8%)

Sports screen 30 (8.7%) 22 (11.7%)

Murmur 72 (20.9%) 38 (20.2%)

ADHD screen 19 (5.5%) 11 (5.8%)

Drug screen 13 (3.8%) 5 (2.6%)

Elevated blood pressure 8 (2.3%) 3 (1.6%)

Abnormal Electrocardiogram 5 (1.5%) 4 (2.1%)

Other 2 (0.6%) 0

Medications:

ADHD 39 (11.4%) 26 (13.8%)

Asthma 20 (5.8%) 10 (5.3%)

Other 1 (0.3%) 0

None 283 (82.5%) 152 (80.8%)

Data are median and IQR for continuous data and percentage in parentheses for categorical variables.

* z scores that are presented as mean and 95% CI.

ADHD = attention deficit hyperactivity disorder; IQR = interquartile range.
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with female patients, male patients had an additional 1.6%
(95% CI 0.7% to 2.5%, p value: 0.0006) decrease in mean
percentage of PACs from baseline to follow-up. The change
from baseline was different between patients on ADHD
stimulant medications that were subsequently discontinued
and those not on medications (p value <0.0001). Patients
who were on ADHD stimulant medications at the initial
Holter had an additional 2.9% (95% CI 1.6% to 4.2%)
decrease in mean percentage of PACs from baseline to fol-
low-up when those medications were discontinued. Patients
that were noted to be athletic at baseline had an additional
1.2% (95% CI 0.1% to 2.3%) decrease in mean percentage
of PACs from baseline to follow-up. On the contrary,
patients that had triplets at presentation had an additional
5.4% (95% CI 4.1% to 6.6%) increase in mean percentage
of PACs from baseline to follow-up.

Receiver operating characteristic curves were con-
structed to assess the discriminative value of initial ectopy
burden to predict a reduction on follow-up. The Youden
index (J) obtained corresponded to a sensitivity of 0.57 and
a specificity of 0.67. The optimal cutoff value correspond-
ing to Youden index was 0.27, suggesting that subjects with
a mean percentage of PACs at baseline < 0.27% were likely
to have a significant reduction in atrial ectopy as compared
with subjects that had an initial burden of ≥ 0.27%.

Discussion

In this study, we examined the clinical presentation and
prognosis of excessive PACs in asymptomatic pediatric
patients beyond infancy without other evidence of heart dis-
ease. Risk factors for persistence of excessive atrial ectopy
over time were also explored. At presentation, we did not
find any difference in prevalence between genders. Most
adult studies have likewise not found a difference in preva-
lence between men and women.7,9−11 There was a wide
range of ages at presentation in our study with no associa-
tion with older pediatric age. Analyses of adult patients

with excessive PACs have demonstrated associations with
older age, over a wider spectrum of decades, and taller
height.10,11 Our pediatric group had a mean height z-score
of +0.62, indicating that these patients were at the seventy-
third percentile for height and generally taller than the aver-
age child. Asthma as a preexisting condition was noted in
9.6% of our study population, whereas the current preva-
lence of asthma in children in the United States is 5.8%.12

Inadequate asthma control in adults has been associated
with increased risk of developing atrial fibrillation, but
beta-agonist therapy has not been associated with such.13 A
significant proportion of our patients (11.4%) were on stim-
ulant medications for ADHD. This is also increased com-
pared with the general prevalence of ADHD medication use
in children, most recently reported at approximately
5.2%.14 Safety concerns with regard to prescription medica-
tions have guided governmental regulatory policy and pre-
scriber behavior, and, as in this study, a large number of
children on ADHD medication are referred for screening
electrocardiograms.15 No pediatric investigation has
revealed evidence of an association between ADHD stimu-
lant medication use and atrial arrhythmia other than sinus
tachycardia.16 However, adult active amphetamine users
have been shown to have an increased risk of developing
atrial arrhythmias.17 Additionally, a randomized trial of the
acute effects of caffeinated energy drinks in children and
adolescents demonstrated a significant increase in supra-
ventricular extrasystoles compared with placebo.18

Regarding prognosis, none of our patients developed
supraventricular tachycardia or cardiovascular symptoms or
disease over time. Furthermore, even in those patients with
runs of nonsustained AT on baseline monitoring, no recur-
rence of such was noted on follow-up. Studies in adults
with excessive PACs have demonstrated that even mildly
increased PACs are an independent predictor of new-onset
atrial fibrillation, stroke, congestive heart failure, and
increased all-cause and cardiovascular mortality, including
sudden cardiac death.7−9,11 The 1 study of excessive PACs

Table 3

Multivariable models analysis with significant predictors and magnitude of difference in change

Predictor Unadjusted Analyses (univariate) Adjusted Analyses* (multivariate)

Estimatey(95%CI) p Value Estimatez (95%CI) p Value

Sex, Male vs. Female �1.55 (95%CI �2.43, �0.66) 0.0007 �1.59 (95%CI �2.48, �0.69) 0.0006

PMH: ADHD vs. none �2.02 (95%CI �3.33, �0.71) 0.003 �2.02 (95%CI �3.33, �0.71) 0.003

Asthma vs none �0.57 (95%CI �2.19, 1.05) 0.491 �0.81 (95%CI �2.48, 0.85) 0.339

Medication: ADHD vs none �2.83 (95%CI �4.12, �1.53) <0.0001 �2.85 (95%CI �4.15, �1.55) <0.0001
Asthma vs none �0.90 (95%CI �2.52, 0.71) 0.275 �0.92 (95%CI �2.55, 0.70) 0.339

Athletic participation: yes vs. no �1.29 (95%CI �0.19, �2.39) 0.023 �1.22 (95%CI �0.10, �2.34) 0.034

Couplets none vs. present �0.15 (95%CI �1.08, 0.01) 0.756 �0.43 (95%CI �0.92, 0.06) 0.086

Triplets none vs. present �5.4 (95%CI �6.66, �4.14) <0.0001 �5.40 (95%CI �6.66, �4.14) <0.0001
Triplets and non-sustained runs none vs. present �4.6 (95%CI �6.8,-3.14) <0.001 �4.6 (95%CI �6.2, �3.31) 0.001

Treadmill test: PACs persist vs. PACs suppressed �1.25 (95%CI �4.33, 1.83) 0.430 �1.17 (95%CI �4.35, 2.00) 0.474

Presenting age, per unit increase �0.02 (95%CI �0.11, 0.07) 0.642 �0.03 (95%CI �0.11, 0.06) 0.567

Height z-score, per unit increase �0.01 (95%CI �0.40, 0.38) 0.954 �0.01 (95%CI �0.40, 0.38) 0.948

BMI, per unit increase �0.01 (95%CI �0.13, 0.10) 0.799 �0.01 (95%CI �0.14, 0.10) 0.948

ADHD = attention deficit hyperactivity disorder; BMI = body mass index; PACs = premature atrial complexes.

*Multivariable models included gender, past medical history, medications, athletic predisposition, triplets on Holter.
yEstimates (95% CI) corresponding to the interaction terms.
zEstimate for the interaction term between predictor and time (a negative estimate indicates larger reduction by the value of the coefficient at follow-up,

whereas a positive estimate indicates a smaller reduction).
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in adult patients with congenital heart disease also con-
firmed a significant association with new-onset atrial fibril-
lation.19 Only very frequent PACs ≥ 1% on Holter
monitoring in adults have been associated with an increased
incidence of developing supraventricular tachycardia, in
addition to atrial fibrillation.20 Cardiac function was normal
in all our patients, suggesting that a high PAC burden is not
likely to contribute to a decrease in function. A recent study
in adults found that, unlike with premature ventricular com-
plexes, a high PAC burden is not associated with myocar-
dial dysfunction.20

When evaluating the change in burden of PACs over
time in this study, there were a few factors that predicted
the magnitude and direction of change. In patients with trip-
lets at presentation, there was an increase in the burden of
PACs over time. Also, the combined group of patients that
demonstrated either triplets or nonsustained runs of AT had
an additional increase in the mean percentage of PACs
from baseline to follow-up. An adult series reported by
Acharya et al21 linked frequent atrial couplets, triplets, and
runs with a greater risk of new-onset atrial fibrillation.

Multivariate model analysis showed that our patients with
a percentage PAC burden of under 0.27% were more likely
to demonstrate a reduction in burden with time. Additionally,
being a female child was a risk factor for nonresolution of
PACs with time. We found that a history of physical activity
with athletic involvement was a strong predictor for a
decrease in PAC burden with time. As the patients in this
study were asymptomatic with normal cardiac anatomy and
function, exercise limitation was not recommended. This
effect of physical activity is in agreement with data from
adult studies, which showed that moderate-intensity exercise
was associated with a reduced burden of PACs over
time.10,11 Increased physical activity has been shown to
reduce general inflammation and sympathetic nervous activ-
ity, both of which may be related to atrial arrhythmias.22

The change in percentage of PACs over time in our
study was not associated with age, height z scores, body
mass index, asthma, presence of couplets, or suppression of
PACs on treadmill testing. There are no similar adult stud-
ies looking for associations between such parameters and
the change in burden of PACs with time. Stimulant ADHD
medications were discontinued or replaced with nonstimu-
lant medications in 25 of 26 patients at the time of the
repeat Holter, and it is likely that discontinuation of stimu-
lant medications could have played a role in the significant
decrease in atrial ectopy in this group of patients versus
those not on medications. This study was not, however,
designed or powered to evaluate the effects of stimulant
medications on the burden of PACs. The main limitation of
this study was that data were obtained retrospectively,
which may have increased the risk of information bias.
Patient compliance with follow-up Holter monitoring was
incomplete, likely due to the asymptomatic nature of the
condition. This was a midterm study, and therefore, we are
unable to draw conclusions on the long-term effects of per-
sistent PACs on the health of a pediatric patient. In conclu-
sion, PACs in the setting of asymptomatic children and
adolescents with structurally normal hearts are rare and
although not all patients had follow-up studies, medium-
term prognosis is benign with the great majority

demonstrating a significant decrease over time with growth
and maturation. Male gender, athletic physical activity par-
ticipation, discontinuation of ADHD stimulant medications,
and initial PAC burden < 0.27% were the chief predictive
factors associated with a reduction in PAC burden over
time.
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