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What is the diagnostic value of the paediatric exercise tolerance
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Abstract Purpose: The aim of this study was to determine whether the exercise tolerance test can provide
diagnostic and prognostic information regarding children and young adults and help predict outcome. Methods:
A total of 87 patients, aged 7–29 years (median 13, mean 13.4) were selected retrospectively. They underwent
exercise test at the Freeman Hospital from December, 2015 to May, 2016. There were two groups of patients –
46 had symptoms such as chest pain, palpitations, syncope, or dyspnoea on exertion and no cardiac diagnosis, and
40 patients had a cardiac diagnosis such as hypertrophic cardiomyopathy, transposition of the great arteries with
post-arterial switch operation, aortic stenosis or regurgitation, tetralogy of Fallot, abnormal coronary arteries,
Wolff–Parkinson–White syndrome, or supraventricular tachycardia. Results: In the group of patients with
symptoms and no cardiac diagnosis, exercise test was negative and there was no exercise-induced arrhythmia;
31 patients were discharged from follow-up. In the group of patients with a cardiac diagnosis, four patients had to
be treated – one had ablation, one the Ross procedure, one aortic valve repair, and one aortic valve ballooning; in
addition, seven patients had to be further investigated – one had signal average electrocardiogram, one stress
cardiac MRI, two cardiac MRI, one lung function test, one reveal device, and one 24 hours electrocardiogram.
In all, 43 patients were further followed-up from both groups. Conclusion: The exercise tolerance test is useful for
clinical decision making in children and young adults with a cardiac diagnosis. In this study, the exercise
tolerance test in patients with symptoms suggestive of cardiac disease but no cardiac diagnosis did not reveal any
new diagnoses.
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THE PAEDIATRIC EXERCISE TOLERANCE TEST IS NON-
invasive, relatively safe, and inexpensive,
which can be used for children with symptoms

suggestive of cardiac disease or to risk stratify and
assess exercise capacity in patients with an underlying
cardiac diagnosis.
The Bruce protocol is most frequently used to

guide the increasing speed and incline of the tread-
mill. This protocol can be used for all ages from
4 years onwards, no prior experience or practice for

running is necessary, and the results can be compar-
able – for example, metabolic equivalents and
heart rate.
Unlike adults, for children, there is a lack of clear

guidelines on the “normal values” that healthy chil-
dren should be able to achieve. Guidelines describe
indications and contraindications for exercise test,
technicalities of the procedure and monitoring, and
indications for stopping a test.1,2 A number of pub-
lished studies provide “normal” values for children
with symptoms or heart murmur but with no cardiac
condition3–9 and for children with CHD (Table 1).
We aimed to compare exercise tolerance test per-

formance at our tertiary centre with values in the
published literature, and to explore the extent to
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which the exercise tolerance test provides diagnostic
and prognostic information.

Materials and methods

The last 102 patients to undergo the exercise toler-
ance test were selected, and these patients had a test
between May, 2016 and December, 2015. Results
printouts and case notes were reviewed, and demo-
graphic and exercise test tolerance printouts and
outcome details were recorded in a pre-designed
proforma. Collected data included whether the child
had any pre-existing cardiac diagnosis, the results of
baseline electrocardiogram and transthoracic echo-
cardiogram, indication, duration of exercise test and
recovery, reason for ending the exercise tolerance test,
metabolic equivalents achieved, percentage of
age-predicted maximal heart rate, arrhythmias,
ST segment changes, symptoms, and outcome mea-
sures such as discharge, follow up, further investiga-
tions, and treatment.

Descriptive analytical statistics were compiled,
including what percentage of patients achieved 85
and 100% of the age-predicted maximal heart rate
and what percentage was discharged following the
exercise tolerance test. We divided patients into two
groups – those with no cardiac diagnosis and those
with CHD – according to whether they had a normal
baseline transthoracic echocardiogram.
A positive exercise tolerance test result was defined

as a result meeting the American Heart Association
1994 criteria of ST segment J-point depression
⩾2mm or ST segment depression >1mm with a flat
or down-sloping ST segment at 60ms.10 Results were
compared with values from the published literature.

Results

Of 102 patients, 15 were excluded for the following
reasons: two because of heart block, one with a single
ventricle physiology, six because of a technical error

Table 1. Existing studies assessing exercise tolerance test performance in children and young adults.

Study Age and sex
Endurance
time METS

Maximum
heart rate

% Maximum
predicted
heart rate Sample

Singh et al (2008) 5.5–18.8 M
5.2–18.8 F

14.8± 3.0
13.5± 2.4

195± 11
197± 10

94.1± 5.8
95.2± 4.9

485 Healthy children

Cumming et al (1977) 4–5 year M
4–5 year F

10.4 minute± 1.9
9.5 minute± 1.8

199± 10 327 Healthy children,
Canada

Cumming et al (1977) 6–7 M
6–7 F

11.8 minute± 1.6
11.2± 1.5

Barbosa e Silva (2007) 4–7 M
4–7 F

9:51± 2:03
9:41± 1:42

187.1± 11.4
191.3± 10.6

ETTs stopped because of
fatigue (n< 1006),
Brazil

Cumming et al (1977) 8–9 M
8–9 F

12.6± 2.3
11.8± 1.6

Barbosa e Silva (2007) 8–11 M
8–11 F

11.39± 2.31
10.22± 1.43

190.7± 10.7
194.9± 12.0

Cumming et al (1977) 10–12 M
10–12 F

12.7± 1.9
12.3± 1.4

Barbosa e Silva (2007) 12–14 M
12–14 F

12.44± 3.03
9.47± 1.48

194.7± 11.7
195.1± 8.1

Lee et al (2013) 12.39± 2.24 M
14.07± 2.26 F

10.5± 2.2
8.9± 2.2

180.0± 18.5
181.2± 19.8

76 Healthy children
(cardiac symptoms),
Korea

Cumming et al (1977) 13–15 M
13–15 F

14.1± 1.7
11.1± 1.3

Barbosa e Silva (2007) 15–17 M
15–17 F

12.34± 2.11
10.05± 1.48

194.8± 10.0
191.3± 9.6

Cumming et al (1977) 16–18 years 13.5± 1.4
10.7± 1.4

193± 5

Vrijlandt et al (2006) 20.8± 1.2 M
and F

91.2± 5.6 47 Healthy (“control”)
children, Holland

Clemm et al (2012) ~20 years M
and F

203 (199–207)
197 (194–200)

100 (98–102)
99 (98–101)

35+ 40 Healthy
(“controls”), Norway

Clemm et al (2012) ~20 years M
and F

197 (193–200) 97 (95–99)
98

35+ 40 Healthy
preterm

METS=metabolic equivalent of task; ETT= exercise tolerance test; F= female; M=male
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during the exercise tolerance test, including pro-
blems with blood pressure tests, and six because notes
were not available. For the final study, 87 patients
were included.
Among them, 86 patients underwent exercise

tolerance test according to the Bruce protocol on a
treadmill and one patient according to the modified
Bruce protocol on a treadmill (Table 2).
The age range was 7–29 years (median 13). The

present study included 68% males and 32% females.
The bodymass index range was 14–38.6 (median 19.6).
Indication for exercise tolerance test included

investigation of cardiac symptoms (50 patients) and
cardiac diagnoses (37 patients) (Fig 1). The indication
for exercise tolerance test was categorised according to
American Heart Association 2006 guidelines. In all,
58 patients underwent the test to evaluate specific signs
or symptoms that are induced or aggravated by
exercise, such as chest pain, palpitations, dizziness,
dyspnoea, or syncope. In six patients, the test was
performed to assess functional capacity for recreational,
athletic, and vocational activities in children with
CHD. A total of 23 patients underwent the test to
evaluate prognosis, including both baseline and serial
testing measurements. This group included patients
with Wolff–Parkinson–White syndrome, supraven-
tricular tachycardia, ventricular arrhythmias, hyper-
trophic obstructed cardiomyopathy, and abnormal
coronary arteries.
In total, 46 patients had no cardiac diagnosis, and

underwent exercise tolerance test for chest pain,
palpitations, syncope, or dyspnoea on exertion. All of
them had a negative test. The percentage of
maximum predicted heart rate achieved by healthy
participants ranged from 61 to 102% (mean 90.3,
median 92.0), whereas in patients with CHD
the percentage of maximum predicted heart rate
achieved was as low as 38%; 79.3% achieved 85% of
the percentage of age-predicted maximal heart rate
and 10.4% achieved 100%. Following the exercise
tolerance test, 31 patients were discharged from
follow-up.

In total, 46 patients had body mass index<20, and
12 patients had body mass index over 25. Total
duration and maximum predicted heart rate were
adversely related to body mass index.
In the present study, 40 patients had a cardiac

diagnosis. Of these, five received treatment, two
underwent ablation for Wolff–Parkinson–White syn-
drome, one underwent the Ross operation, one aortic
valve repair, and one aortic valve ballooning. These
patients achieved lower exercise duration and heart rate
than those without a cardiac diagnosis (a median of
10.0 versus 12.4 minutes of exercise, and maximum
heart rate median of 206.0 versus 182.5, see Table 2).
Among all, 70 patients had no arrhythmias; 16

patients had non-significant arrhythmias – four before
exercise, eight during exercise, and four during
recovery, including single supraventricular or single,
uniform ventricular extrasystole. Furthermore, two
patients with diagnosis of Wolff–Parkinson–White
syndrome in routine electrocardiogram had no loss of
pre-excitation at peak exercise and as an outcome
underwent electrophysiology study ± ablation.
In 80 patients, there were no ST segment changes,

elevation or depression. In two patients, the ST
segment could not be assessed because of complete
left branch bundle block; six patients had ST changes
during exercise: one had more than 3-mm ST
depression and had a diagnosis of anomalous left
coronary artery from the pulmonary artery repair, the
outcome was organising stress cardiac MRI, one had
1-mm ST depression and had a diagnosis of severe
aortic valve stenosis and regurgitation, the outcome
was ballooning of the aortic valve, and four patients
had ST changes, which did not meet American Heart
Association criteria.
In 20 patients, there were symptoms during exer-

cise, and two patients had symptoms during recovery.
Blood pressure increased in 79 patients. There were

no changes in six patients. In two patients, both with
diagnosis of hypertrophic obstructive cardiomyopathy,
blood pressure decreased. Of note, there were technical
errors in recording blood pressure in five patients.

Table 2. Results of exercise tolerance testing in 87 patients at a UK tertiary centre.

Age BMI
Exercise
(minute)

Recovery
(minute)

METS
achieved*

% Predicted
maximal heart
rate

Maximum
heart rate

All 7–29 (13.0) 14.0–38.6 (19.6) 3.2–28.2 (12.8) 6.8–27.2 (17.9) 4.7–23.8 (14.7) 61–102 (92.0) 127–214 (190)
Male 7–29 (12.5) 14.0–30.4 (20.0) 5.5–28.2 (13.1) 9.4–27.2 (18.6) 7.0–23.8 (15.6) 68–102 (92.5) 141–214 (190)
Female 8–24 (14.0) 16.0–38.6 (19.4) 3.2–18.8 (12.6) 6.8–24.6 (17.6) 4.7–21.7 (14.3) 61–100 (92.0) 127–206 (190)
Normal echo 8–29 (9.0) 14.8–38.6 (28.4) 3.2–28.2 (10.0) 6.8–27.2 (15.0) 4.7–23.8 (11.6) 61–102 (97.0) 127–214 (206)
Abnormal
echo

7–25 (14.0) 14.0–30.4 (20.2) 5.5–21.0 (12.4) 9.4–26.4 (17.2) 7.0–23.8 (14.2) 68–101 (90.5) 137–206 (182.5)

BMI= body mass index
*1 MET= resting metabolic rate, considered equal to an oxygen uptake of 3.5ml/kg body weight per minute
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The main reason to stop a test was fatigue,
followed by technical errors – for example, blood
pressure or electrocardiogram measurement errors or
treadmill not functioning.

Discussion

We found that patients with CHD achieved lower
exercise durations and heart rates compared with the
group with no cardiac diagnosis, which correlates
with a comparative study by Amedro et al.9

The results of our study showed similar median
achievement by our healthy population compared with
other studies, but with a wider range of values. This
may be attributable to the extent to which our patients
are encouraged to continue the test. Vrijlandt et al
found that in 47 healthy patients the mean percentage
of maximum predicted heart rate achieved was 91.2%
with a standard deviation of 5.6, compared with a
median of 97% in our study, but with a wide range of
61–102%. Clemm et al found that in their two cohorts
of 40 and 35 healthy young adults, 100 and 91%,
respectively, achieved ⩾95% of their maximum
predicted heart rate, whereas in our cohort only 43.7%
of patients achieved⩾95% of their maximum predicted
heart rate, which may be due in part to the younger
median age of our cohort; 85% of children in our cohort
achieved ⩾85% of the maximum predicted heart rate,
and only 10.4% achieved ⩾100%.

The exercise tolerance test was negative in all
healthy children and young adults, and therefore the
question remains whether exercise tolerance test is of
use in children. Our study does not include sufficient
numbers of patients to test the theory that the exercise
tolerance test does not unveil cardiac diagnoses in
children who are sent for evaluation. The findings of
our study suggest that in our tertiary centre, the exer-
cise tolerance test was requested in patients considered
low-risk for cardiac disease – those with symptoms that
could correlate with cardiac disease, but with normal
electrocardiogram and transthoracic echocardiogram –
often with the aim of excluding cardiac diagnoses.
In patients with a low pre-test probability of cardiac
disease, however, with normal electrocardiogram and
echocardiogram, consideration should be given to the
usefulness of this test and history taking should be
carried out carefully and thoroughly to fully explore
“cardiac sounding symptoms” – for example, to clarify
whether symptoms really are exercise induced.
The exercise tolerance test was very useful in patients

with cardiac diagnosis, including CHD before or after
cardiac surgery and arrhythmia, as in some patients the
result informed decision making and treatment.
This is the first published study on the achieve-

ment of children undergoing exercise tolerance tests
at a centre in the United Kingdom. Out study
included patients of a wide age range, from 7 to 29.
There was variable effort from patients, with many

Figure 1.
Indication for carrying out the exercise tolerance test (ETT) in 87 patients at a UK tertiary centre. HOCM = hypertrophic obstructed
cardiomyopathy; CP= chest pain; TGA/ASO= transposition of the great arteries post arterial switch operation; SVT= supraventricular
tachycardia; AS/AR= aortic stenosis/aortic regurgitation; WPW=Wolff-Parkinson-White syndrome
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patients choosing to stop the test because of fatigue
and without symptoms; therefore, consideration
should be given to encourage children to run for
longer before ending the test.
The main limitation of our study was the small

sample size, which led to a very small number of
patients with each cardiac condition and in age and sex
group. The fact that six patients had to be excluded
because of test results not being available and six of
them had to be excluded because of technical errors in
recording the results of the test reflects challenges in
the reporting and storing of results of exercise toler-
ance tests at our centre. We are not able to estimate
how exclusion of patients for whom results were not
available influenced the results of this study.

Conclusion

Collation of the results of exercise tolerance tests from
multiple centres in order to provide a larger sample size
could help develop normal values for each age category
and explore the extent to which this test can provide
useful diagnostic information for otherwise healthy
children presenting with symptoms suggestive of car-
diac disease. In our opinion, efforts should be made to
encourage children to continue with exercise tolerance
tests for longer if possible, so that more children can
achieve their predicted maximum heart rate, and more
useful diagnostic information will be obtained.
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