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Abstract
The exercise capacity and limitation in children with asymptomatic atrial septal defect (ASD) have
not been explored thoroughly. The aim of our study was to examine the influence of asymptomatic ASD
on exercise capacity in children. Fifty children with asymptomatic ASD who had undergone medical
interventions at least 4 years ago and fifty normal children were recruited in this study. The exercise
capacity was assessed by the symptom-limited exercise test through the Bruce treadmill protocol. The
pulmonary function was also evaluated by the spirometry. Circulatory and ventilatory impairments
were respectively reflected by chronotropic incompetence (CI) and ventilatory limitation as measured
by the exercise test and spirometry. Eleven (22%) of children with ASD failed to reach the age-predicted
peak heart rate during the exercise test. Also, children with ASD had significantly lower oxygen consumption at anaerobic threshold and peak exercise (P < 0.01). The rate of circulatory impairment was
significantly higher in children with ASD (P < 0.01). However, the pulmonary function and ventilatory
limitation were comparable between these two groups. Within the ASD group, children with CI had
significantly worse peak oxygen consumption than their peers without CI (P < 0.01). Our study examined
a larger population sample and confirmed that children with asymptomatic ASD, who had previously
undergone medical interventions, had significantly worse exercise capacity than normal children. This
difference in exercise capacity was mainly related to circulatory impairment. Our findings support the
concerns of exercise limitation in ASD children.
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Introduction

until later decades of life (4, 6, 20). Other long-term
sequelae in patients with ASD include arrhythmia,
cardiac emboli and stroke (15, 28). The options of
surgical treatments for patients with ASD include
device or surgery closure, depending on the defect
type and size. However, some factors may contribute
to the failure of surgery closing an ASD, such as a

Atrial septal defect (ASD) accounts for about
10 percent of congenital heart disease, and patients
with ASD are usually asymptomatic in early life.
Most patients with ASD, who are free of overt symptoms or only have mild symptoms, are unrecognized
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smaller defect size, advanced pulmonary hypertension
and severe left ventricular dysfunction. Particularly,
the last two factors are contraindicated to receive the
closure (13, 28). One of the most common symptoms
of patients with ASD is exercise intolerance in the
form of exertional dyspnea or fatigue (26). Exercise
intolerance could clinically be responsible for the
exercise limitation in patients with ASD.
A few researchers have indicated that the subjective assessment of exercise performance does not
validly reflect the clinical status of patients with
ASD. Many patients with ASD have no complaints of
limited exercise capacity, even in the status of significant volume overloading (19, 20). Clinically, a
graded exercise test is useful for objective evaluation
of exercise performance. Common purposes of the
exercise test include the assessment of the effectiveness of medical or surgical interventions, the
detection of occurrence of specific exercise-induced
symptoms or signs, and the establishment of baseline data for follow-up of the rehabilitation programs
(1, 17, 27). Data from exercise tests can also be used
to differentiate possible factors contributing to
exertional dyspnea (17). Recently, exercise tests are
frequently used in clinical evaluation of congenital
heart disease in children and adults, including preand post-operation efficacy evaluation (11, 16, 22).
Previous studies have revealed that patients with
congenital heart disease, such as ASD and tetralogy
of Fallot, demonstrate significant decreases in the
exercise capacity (3, 7). Patients with ASD may have
normal or lower level of fitness depending on the
severity of disease and comorbidity. After interventional closure of defects, exercise capacity of
adults with ASD could be improved when compared
with their pre-operative exercise performance (2, 9,
12, 23). However, studies on the exercise capacity
and limitation in children with asymptomatic ASD
have been limited. Thus, the aim of the present study
was to examine and compare the exercise capacity
between children with asymptomatic ASD and normal children.

Materials and Methods
Subjects
One hundred children participated in our study.
Fifty children with asymptomatic ASD were recruited,
and received the exercise test for evaluation of their
exercise capacity at the Veterans General HospitalKaohsiung, Taiwan. In this study, the children with
asymptomatic ASD had non-closure, surgery or device
closure at least 4 years ago. Exclusion criteria were
[a] older than 18 years old, [b] combined with other
types of congenital heart disease or symptomatic
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heart disease, and [c] notable orthopedic problems
and inability to participate in the exercise test. The
children with ASD, aged 11.2 ± 3.5 years old, included 19 boys and 31 girls. Of these patients, 23 had
received the device closure and 11 received the surgery closure. In the study, fifty normal children were
recruited as the control group; the normal children,
aged 10.7 ± 3.4 years old, included 25 boys and 25
girls. The Ethics Committee of Medicine at the
Veterans General Hospital-Kaohsiung approved all
procedures, and informed consent was obtained from
each subject for participating in this study.
The Exercise Test
The symptom-limited treadmill exercise test
was designed to measure the subjects’ exercise capacity. The test system consisted of a treadmill, gas
analyzer and electrocardiographic monitor (Metamax
3B, Cortex Biophysik GmbH Co., Leipzig, Germany).
Two groups of children performed the symptomlimited exercise test according to the Bruce protocol
suggested by American College of Sports Medicine
(ACSM). When the children demonstrated subjective
unbearable symptoms, the test was terminated (1, 17).
·
The oxygen consumption (VO 2) and carbon dioxide
·
production (V CO 2 ) were measured by breath-bybreath ventilation during the test. In addition, metabolic equivalents (MET), minute ventilation (VE),
blood pressure and heart rate were measured throughout the exercise test. The anaerobic threshold (AT)
was determined by the VE/VO2 and VE/VCO2 methods
which were suggested as indicators for assessing
children (11, 16, 26). During the test, the condition
of peak exercise heart rate lower than 80% of the
age-predicted peak heart rate was considered as CI
(14, 17).
Pulmonary Function Test
Pulmonary function test was performed by
spirometry at rest in all subjects. The test included
measurements of forced vital capacity (FVC), forced
expiratory volume in one second (FEV1) and maximal
voluntary ventilation (MVV). The clinical specialists conducting the test had at least 2 years of experiences in conducting the measurement of pulmonary
function for children. Data of the exercise test and
pulmonary function test were combined (1-VEmax/
MVV) to calculate the breathing reserve. Breathing
reserve values lower than 30% were considered as
ventilatory limitation (17).
Statistical Analysis
The variable distribution of our study was tested
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Table 1. Demographic characteristics of the ASD and control groups
ASD

Control

P Value

Male/Female
Age (yr)
Weight (kg)
Height (cm)
Body Mass Index
BMID
Body Fat (%)

19/31
11.2 ± 3.5
38.5 ± 17.6
140.3 ± 18.1
18.9 ± 4.5
2.0 ± 0.8
19.3 ± 8.0

25/25
10.7 ± 3.4
39.5 ± 15.5
142.2 ± 19.2
21.1 ± 15.0
2.1 ± 0.9
19.2 ± 8.7

0.314
0.467
0.763
0.603
0.328
0.637
0.983

Interventional Treatments
Non-Closure
Device-Closure
Surgery-Closure

32% (16/50)
46% (23/50)
22% (11/50)

Data are the means ± standard deviation. BMID: body mass index adjusted by age.
Table 2. Performance of exercise test of the ASD and control groups
Failure to reach PPHR
Percentage
Male: Female

ASD

Control

P Value

22% (11/50)**
2:9

0% (0/50)
0:0

0.001

PPHR: age-predicted peak heart rate. **P < 0.01 compared with the control group.

before further data analysis. Except for categorical
variables, all of our estimated variables were approximately normally distributed. Data were expressed
as means ± standard deviation (SD). An independent
t-test was applied to compare the continuous variables,
such as ages, exercise capacity, and pulmonary function between the ASD and normal groups. ChiSquare test was conducted to examine the categorical
variables, such as gender. All statistical analyses
were performed using Version 15.0 SPSS software
(SPSS Inc., Chicago, IL, USA). Differences were
considered significant at P < 0.05.

Results
The demographic characteristics of ASD and
control groups in this study are shown in Table 1.
There were no significant differences in gender, age,
body weight, height, body mass index (BMI), ageadjusted BMI and body fat between the two groups.
Among asymptomatic ASD participants, twenty-three
(46%) of them received device closure and eleven
(22%) received surgical closure in their early ages.
The performance of exercise test between ASD and
control groups is shown in Table 2. Eleven (22%) of
the children with ASD failed to reach the age-predicted
peak heart rate (PPHR). Among them, five children
stopped the exercise test due to dyspnea, three stopped
due to leg fatigue, and three others stopped due to
other subjective unbearable symptoms. The failure

rate in children with ASD was significantly higher
than that in control subjects (P < 0.01).
The children with ASD had significantly lower
diastolic blood pressure at rest, and lower MET and
HR at anaerobic threshold and peak exercise than
the control subjects (P < 0.05) (Table 3). Nine (18%)
of children with ASD had CI, but this impairment did
not exist in the control group. The rate of the circulatory impairment was significantly higher in the
ASD group compared with the control group (P <
0.01). Moreover, within the ASD group, subjects
with CI had significantly worse peak oxygen consumption than their peers without CI (P < 0.01)
(Fig. 1).
The spirometric data demonstrated that these
two groups had similar pulmonary function, although
the ASD group had slightly higher FEV1/FVC than
the control group (Table 3). Objectively, the occurrence of ventilatory limitation in the ASD and control groups was 58% and 52%, respectively. None of
them were defined as the restrictive or obstructive
lung disease based on the clinical criteria.
Based on the exercise test data, the ASD group
had significantly lower AT MET and peak MET values
than the control subjects. The data of children with
ASD were further divided into 3 subgroups depending
on the different medical and surgical treatments, i.e.
non-operated (non-OP), operated (OP) and transcatheter closure (Cath) subgroups, and were compared
with the control group (Table 4). The results showed
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Table 3. Comparison of exercise test and spirometric data between the ASD and control groups
ASD

Control

P Value

Exercise Test
Rest SBP (mmHg)
Rest DBP (mmHg)
Rest HR (beat/min)
·
AT VO2 (ml/kg/min)
AT MET
AT HR (beat/min)
·
Peak VO2 (ml/kg/min)
Peak MET
Peak HR (beat/min)
PPHR (%)
Peak SBP (mmHg)
Peak DBP (mmHg)
CI

103.8 ± 14.1
59.3 ± 8.1*
85.8 ± 12.7
21.2 ± 5.2**
6.1 ± 1.5**
135.2 ± 20.8**
31.8 ± 6.8**
9.1 ± 1.9**
177.7 ± 14.1*
85.2 ± 7.0*
164.9 ± 26.4
90.4 ± 31.9
9/50**

105.4 ± 17.0
63.2 ± 7.3
89.7 ± 18.5
26.9 ± 6.3
7.7 ± 1.8
145.8 ± 13.4
37.5 ± 7.9
10.7 ± 2.3
182.8 ± 4.8
87.4 ± 2.6
159.5 ± 28.5
87.9 ± 17.3
0/50

0.634
0.015
0.220
< 0.001
< 0.001
0.004
< 0.001
< 0.001
0.018
0.038
0.336
0.640
0.003

Spirometry
FEV1 (l)
FVC (l)
FEV1/FVC (%)
MVV (l/min)
VL

2.4 ± 1.6
2.5 ± 1.2
91.3 ± 10.7
103.8 ± 38.2
29/50

2.2 ± 1.0
2.5 ± 1.3
88.6 ± 10.0
143.8 ± 44.5
26/50

0.864
0.314
0.202
0.132
0.666

Peak Oxygen Consumption (MET)

Data are the means ± standard deviation. SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate,
·
AT: anaerobic threshold, VO2: oxygen consumption, MET: metabolic equivalents, PPHR: age-predicted peak heart
rate, CI: chronotropic incompetence, FEV1: forced expiratory volume at 1 min, FVC: forced vital capacity, MVV:
maximal voluntary ventilation, VL: ventilatory limitation. *P < 0.05, **P < 0.01 compared with the control group.

18.0

the peak heart rate was significantly lower in the OP
subgroup compared with the control group (P < 0.05).

15.0

Discussion

12.0

9.0

6.0

CI

Non-CI

Fig. 1. Peak oxygen consumption of subjects with chronotropic
incompetence (CI) and non-CI. Peak oxygen consumption was significantly lower in subjects with CI than
those with non-CI (P < 0.01).

that the data of AT MET and peak MET in each subgroup were significantly lower than in the control
group (P < 0.05). Data of AT HR were significantly
lower in the OP and Cath subgroups (P < 0.05), and

The current study may be the first work to
examine a larger sample population to confirm that
children with asymptomatic ASD had significantly a
worse exercise capacity than control subjects. Our
results clearly demonstrated that children with
asymptomatic ASD had a higher failure rate than
the control group during the exercise test. They had
significantly lower oxygen consumption at anaerobic
threshold and peak exercise and higher rate of circulatory impairment as indicated by CI, but this impairment did not exist in the control group. However,
these two groups had comparable pulmonary function.
Within the ASD group, subjects with CI had significantly worse peak oxygen consumption than their
peers without CI.
Using the exercise test, we found that children
with asymptomatic ASD had obviously worse exercise
capacity, as indicated by a higher failure rate to reach
the age-predicated peak heart rate. On the contrary,
all subjects of the control group reached the agepredicted peak heart rate. This finding was consistent
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Table 4. Comparison of exercise test data of each ASD subgroup with the control group
Exercise Test
Subgroups
AT MET
AT HR (beat/min)
Peak MET
Peak HR (beat/min)

P Value
Non-OP (n = 16)

OP (n = 11)

Cath (n = 23)

< 0.01**
0.296
< 0.01**
0.787

0.028*
0.011*
< 0.01**
0.013*

< 0.01**
0.042*
0.011*
0.107

Non-OP: non-operated subgroup, OP: operated closure subgroup, Cath: transcatheter closure subgroup, AT: anaerobic
threshold, MET: metabolic equivalents, HR: heart rate. *P < 0.05, **P < 0.01 compared with the control group.

with some previous studies (2, 7). Fredriksen et
al. stated that adults with various congenital heart
diseases (including ASD) had significantly diminished exercise capacity and achieved lower heart rate
than their predicted value (7). In addition, Brochu et
al. indicated that adults with ASD who considered
themselves asymptomatic had 11% less maximal
oxygen consumption than their predicted value. They
also suggested that the subjective evaluation of clinical functional class would lead to underestimation of
the cardiovascular burden of the left-to-right shunt
(2). The present study was designed to objectively
evaluate exercise capacity in children with asymptomatic ASD by the exercise test. The results would
be helpful for early detection and management of
exercise intolerance or limitation for children with
ASD clinically. A previous study has encouraged
the application of regular exercise intervention for
all ages in patients with congenital heart disease
·
(25). After the intervention, peak VO2 and work rate
would be improved significantly. However, exercise
intervention for those patients with ventricular dysfunction or recent arrhythmia should be performed
with caution (25).
Our finding revealed that children with ASD
had a higher failure rate than the control group during
the exercise test, and they had significantly lower
oxygen consumption at anaerobic threshold and peak
exercise. Some previous studies have also indicated
that adults with non-operated ASD had a lower exercise capacity. After the ASD was repaired, the exercise
capacity and oxygen uptake at anaerobic threshold
and peak exercise were significantly improved in
adults (2, 8, 12, 24). Similar results have been reported in children with ASD receiving transcatheter
closure (10). Among those previous studies, only a
few works specifically compared children with ASD
with the healthy population. Pfammatter et al. (16
children with ASD) and Rosenthal et al. (22 children
with ASD) indicated that after surgery, maximal
exercise performance was comparable between
children with ASD and control groups (19, 21). We
speculated that these different findings of the exer-

cise capacity for children with ASD may be due to
different modes of exercise test or varied severity of
pathophysiologic conditions. In this study, we chose
the treadmill rather than the bicycle as the tool of
exercise test. Clinically, the treadmill has been a
preferred tool for ill children (11, 22). When the
exercise test was performed by the treadmill, peak
oxygen consumption would be higher than bicycle
ergometry due to recruitment of more muscle groups.
Patient may tend to stop the exercise test earlier by
using bicycle ergometry because of the exercise
intolerance of the increasing resistances (22). Based
on our findings, we suggest that the treadmill exercise
test could be more sensitive in assessing exercise capacity and functional limitation occurred in children
with ASD.
Exercise intolerance has been known as a
common symptom in children with congenital heart
disease, which may be caused by circulatory or
ventilatory impairments, or deconditioning (17, 20,
28). We used the clinical flowchart of the exertional
dyspea to differentiate possible factors determining
poor exercise performance (17). As a result, the
possible cause of poor exercise performance in our
study might be the circulatory impairment, rather
than the ventilatory impairment and deconditioning.
Our data revealed that children with ASD had a higher
rate of CI which represented circulatory impairment,
but the pulmonary function was comparable between
the ASD and control groups. In consistent with our
finding, a previous study has shown the tendency of
CI in children with ASD before and after the defect
closure (18). Also, Epstein et al. pointed out that
children with asymptomatic operation-closed ASD
may have residual reduction of their cardiac output
responses to intensive upright exercise (5). Moreover,
within the ASD group, we found that subjects with
CI significantly had worse peak oxygen consumption
than their peers without CI. This finding implicated
that the circulatory impairment was strongly associated
with lower exercise performance in children with
ASD. However, further studies should be conducted
to differentiate the etiology of the diminished ex-
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ercise performance in children with ASD.
Our spirometric data showed that the pulmonary
function at rest in children with ASD were similar to
those of the control subjects, consistent with previous
studies (12, 19). Many researchers have reported that
resting ventilatory function is normal or bordering
normal in children with uncomplicated ASD (12,
19). Also, FVC and FEV1 in children with ASD were
found similar with normal population. Before and
after the ASD operation, FVC and FEV 1 remained
unchanged. Moreover, Fredriksen et al. found that
FVC was lower in various congenital heart diseases
except for those with ASD (7). These findings suggested that the ventilatory impairment might not
be responsible for the limited exercise capacity in
children with ASD.
In the present study, we divided the children
with ASD into 3 subgroups depending on different
interventional treatments (i.e. non-OP, OP and
Cath subgroups), and compared with data of the control group. The results indicated that, in each ASD
subgroup, oxygen consumption at anaerobic threshold and peak exercise was significantly lower than
those in the control group. However, no significant
difference of the peak heart rate existed when
comparing the control group with either the Cath
or non-OP subgroup. Some investigators suggested
that the peak heart rate seemed not sensitive enough
in evaluating peak exercise performance in children
(11, 22). They pointed out that the peak heart rate
should not be used as a single exercise parameter in
children because of large inter-individual differences
in maximal heart rate. Moreover, peak heart rate
would not be recommended to assess the exercise
capacity in chronotropic impaired children. Consistently, our study suggested that, in addition to the
peak heart rate, some parameters of the exercise test
(e.g. peak oxygen consumption) should be used to
sensitively evaluate peak exercise performance in
children with ASD.
In conclusion, our study examined a larger population sample to confirm that children with asymptomatic ASD, who had undergone medical interventions at
least 4 years ago, had significantly lower exercise
capacity than normal children. This was mainly related
to circulatory impairment. Our findings support the
clinical evaluation and treatment of exercise limitation in children with asymptomatic ASD.
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