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ABSTRACT
The exercise test (ET) is a low-risk procedure that presents extremely rare complications, especially among pediatric age populations. In this reviewing, the main ET indications in children and
adolescents (age up to 19 years) are presented as a method of
diagnostic, prognostic and functional evaluation in several situations: evaluation of the physical capacity, evaluation of symptoms
related to exercise, evaluation of clinical and surgical treatments in
patients with cardiomyopathies, congenital and valvar cardiopathies,
asthmatic patients and pre-participation in physical activities programs, among others.
Adult patients have as most frequent indication of ET the search
for diagnostic information, when intermediate probability of significant coronary arterial disease occurs in the absence of significant
alterations of the ECG in rest(1). The ischemic disease is rare among
young populations, what shows a significant difference in indication and interpretation and results in low risk in the ET routine in
the pediatric age population. The complications are extremely rare
even when ET is performed in children with congenital cardiopathies and arrhythmias. The ET applications in young individuals are
mainly related to the measure of the physical capacity, evaluation
of known cardiac abnormalities and evaluation of symptoms related to exercise(2).
The ET indications of the American College of Cardiology (ACC)
and American Heart Association (AHA)(2) in children and adolescents, according to classification I to III of the recommendation
degrees (table 1) are:

TABLE 1
ACC/AHA(8) classification used for the procedure recommendation degrees
Class I:

Condition in which there are evidences and/or general agreement
that the procedure performance is acceptable and effective.

Class II:

Condition in which there are evident conflict and/or opinion disagreements on the procedure’s acceptance or effectiveness.

Class II a:

Higher weight of the evidences and opinions in behalf of the effectiveness acceptance.

Class II b:

Acceptance and effectiveness less established with regard to the
evidences and opinions in behalf of.

Class III:

Conditions in which there are evidences and/or general acceptance
that the procedure is not accepted neither effective and in some cases
it may even be harmful.
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Class I
1. Evaluation of the exercise capacity in children with congenital cardiopathies, children submitted to congenital cardiopathies
surgical treatment, with valvar acquired disease or myocardial disease.
2. Evaluation of children with complaints of thoracic pain due to
angina.
3. Follow-up of the heart pacing response to exercise.
4. Evaluation of symptoms related to exercise in young athletes.

Class II a
1. Evaluation of the response to medical and surgical treatment
or ablation by radio frequency in children with tachyarrhythmia
observed in previous ET.
2. In the follow-up of the acquired or congenital valvar lesions
repercussion, especially aortic valvar stenosis.
3. Evaluation of the rhythm during exercise in patients with suspicion of exercise-induced arrhythmia or when this arrhythmia was
diagnosed from exercise.

Class II b
1. As one of the evaluation components of children and adolescents with family history of sudden death of young individuals during exercise.
2. Follow-up of cardiac abnormalities with late coronary involvement possibilities such as Kawasaki disease and systemic eritematous lupus.
3. Follow-up of the cardiac frequency response and the development of ventricular arrhythmia in children and adolescents with
congenital atrium-ventricular total obstruction.
4. Quantification of the cardiac frequency response during exercise in children and adolescents treated with beta-blocker agents
to assess the adaptation to the beta-adrenergic obstruction.
5. Measure of the shortening or prolongation response of the
QT interval corrected in exercise as an aid in the diagnosis of the
QT interval prolongation congenital syndrome.
6. Evaluation of the blood pressure and/or arm/leg gradient response after surgically corrected aortic coarctation.
7. Follow-up of the desaturation degree with exercise of patients
relatively well compensated or submitted to palliative surgery of
cyanotic congenital cardiopathies.

Class III
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1. Evaluation before the participation in sportive activities in
healthy children and adolescents.
2. Routine in the investigation of typically non-anginous thoracic pain, common in children and adolescents.
3. Evaluation of atrial and ventricular extrasystoles in children
and adolescents apparently healthy.
ET is also indicated to evaluate the stress tolerance and to identify the mechanisms that limit the physical capacity in children with
cardiac diseases or other diseases: a) to evaluate symptoms or
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signals that may be induced or worsened by exercise; b) to identify abnormal adaptation to exercise in patients with cardiopathies
or other diseases; c) to evaluate the effectiveness of the surgical
or clinical treatment; d) to assess the functional capacity and the
security for the participation in athletic or recreational physical activities; e) prognostic evaluation; f) to establish limits and the follow-up of the cardiac rehabilitation effectiveness(3).
Bozza & Loos(4), who present one of the largest experiences on
ET in children and adolescents in our country, describe the main
indications among this population: a) to evaluate stress-induced or
worsened specific signals and symptoms; b) to detect abnormal
adaptive responses in cardiopath and non-cardiopath patients; c)
to detect possible abnormalities in the relation between the offer
and intake of myocardic oxygen in patients with thoracic pain or
syncope; d) to detect dysfunctions of the cardiac rhythm associated to exercise or not; e) to observe the blood pressure response to
stress; f) to evaluate the medical or surgical treatment; g) to evaluate prognostics; h) to evaluate functional capacity levels for the
participation in vocational, recreative and sportive activities.
In the author’s initial results, in 1992, among 337 children and
adolescents submitted to ET, the main indications were: evaluation of the thoracic pain (35.6%), pre-participation evaluation – normal and athletes (24.9%), mitral valve prolapse (15.4%), arrhythmias evaluation (12.2%), evaluation of the blood pressure (4.5%),
evaluation of non-operated congenital cardiopathies (2.4%), postsurgical evaluation of congenital cardiopathies (1.5%), remedies
use evaluation (1.5%) and other indications (2.1%)(5).
The ET performance in the pre-participation evaluation of sportive activities in healthy children and adolescents is considered as
useless by the ACC/AHA(2). However, according to Vivacqua Costa(6), the execution of the ergometric test is indispensable for the
cardiorespiratory evaluation of adolescents who will initiate the
sportive practice. The sport cardiology section of the Dante Pazzanese Cardiology Institute (IDPC) in São Paulo, evaluated 700
children and adolescents with ages ranging from 8 and 16 years,
athletes or beginners, and found abnormalities in 147 (21%). These
findings corroborate the opinion that all children who begin a sportive modality must be submitted to a careful medical evaluation in
order to detect possible cardiopathies. In the IDPC, as routine of
pre-participation tests for the practice of sports, the exercise test
is included with other exams in the routine investigation protocol(7).
The ET routine performance in the investigation of non-anginous
thoracic pain, common among children and adolescents is also referred as clinically useless by the ACC/AHA(2), however, the ET is
frequently indicated in this age range. Stress-induced asthma should
be considered in pediatric patients with thoracic pain symptoms or
dyspnea associated to exercise. In the evaluation of 180 young
individuals with thoracic pain or dyspnea associated to exercise,
9.5% of patients with pain and 21.2% of patients with dyspnea
developed stress-induced asthma(8).
Although rare in children, the ischemic response should be investigated in the evolution of the coronary involvement in the Kawasaki disease. The ET associated to echocardiogram(9) or to myocardial cintilography(10) may identify ischemic alterations in patients
with higher risk of myocardium infarct or sudden death.
Myocardial ischemia and effort tolerance should be evaluated
after surgical treatment for the correction of the great arteries transposition with the re-implantation of the coronary arteries. Weindling et al.(11), in 1994, evaluated 43 children with echocardiogram,
Holter monitor, exercise test and myocardium cintilography and
concluded that normal exercise tolerance, absence of symptoms
or electrocardiographic alterations are indicative of normal myocardial perfusion. Massin et al.(12) performed ET in 50 children with
ages ranging from four and nine years and found three tests with
alterations suggestive of ischemia during effort: after hemodynamic
study, the authors identified occlusion of the left coronary of an
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young individual and occlusion of the right coronary in two other
young individuals who presented ventricular extrasystole in rest
and developed ventricular tachycardia during exercise. The other
children presented normal effort tolerance and absence of symptoms suggestive of myocardial ischemia.
Arterial hypertension represents another important indication.
The blood pressure response should be evaluated after surgically
corrected aortic coarctation, where even after surgeries successfully performed, the life expectancy is reduced, 1/3 of the patients
remained hypertensive and the hypertensive response is more frequent if compared to the normal population during exercise(13). Lower effort tolerance and blood pressure abnormal accentuation were
observed among adolescents and young adults after renal transplant, suggesting that precautions should be taken in the performance of intense physical activities(14). Children with high levels of
LDL-cholesterol presented higher systolic and diastolic blood pressure levels before, during and after exercise. The blood pressure
response altered in the presence of hypercholesterolemia is a result of the endothelium alterations and increments of the vascular
resistance(15).
To increase the physical activity may be the main non-pharmacological therapeutic measure to reduce the blood pressure besides seeming an excellent preventive strategy for young patients
with high risk of hypertension and obesity. Gillum described the
ET in over than 6,700 young individuals between 12 and 17 years
old in the evaluation of the relation between tolerance and effort,
blood pressure, weight, body fat, cholesterol serum levels, uric
acid and other cardiovascular risk factors(16). Matthys & Verhaaren
observed hypertensive response to effort in ET performed in 48
children submitted to CIA surgery and in 53 children submitted to
CIV surgery(17).
The evaluation of the hemodynamic and cardiorespiratory response may be performed with ET before and after surgical treatment of several congenital cardiopathies (inter-atrial and inter-ventricular communication, aortic and pulmonary stenosis, persistence
of the arterial canal, bolster defects and tricuspid insufficiency).
After surgical correction, an increase on the oxygen intake and the
systolic blood pressure in the effort peak may be observed(18). The
ET was also used by Cumming(19) to evaluate the effort tolerance
of 830 children with cardiopathies (inter-atrial and inter-ventricular
communication, persistence of the arterial canal, aortic coarctation, pulmonary stenosis, Fallot´s tetralogy and rheumatic cardiopathy) and to compare findings with 715 children apparently healthy.
The full evaluation of the Fallot’s tetralogy after surgical correction with ET and other complementary tests is important to allow
the release for the practice of physical and sportive activities(20).
The presence of symptoms, the cardiac frequency response, ischemic alterations and the oxygen intake should be observed during the practice of exercise(20-22).
The ET may be used as coadjuvant in the evaluation of the valvar diseases repercussion. Asymptomatic children with aortic insufficiency and light functional involvement present no significant
difference on the effort tolerance, VO2, CF, BP and ST segment if
compared to healthy children. Depressed response of the cardiac
frequency, systolic hypertension and subendocardial ischemia may
be observed in the group with higher repercussion(23). The effort
tolerance, the elevation on the cardiac frequency and the VO2max
are good indicative of the follow-up after aortic valve exchange(24).
In the mitral valve prolapse (MVP), the symptoms (thoracic pain,
dyspnea and palpitations) and the alterations on the ECG in rest
may be well evaluated during effort. Rokicki et al.(25) observed normal tolerance to exercise and normalization of the ECG during effort in patients with electrocardiographic alterations in rest and that
the exercise either caused no worsening or improved the arrhythmias present in rest.
With ET, the severity of the dilated and hyperthrophic myocardiopathies, obstructive or not, may be evaluated by observing the
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effort tolerance, blood pressure behavior, electrocardiographic alterations and arrhythmias(26). The cardiopulmonary effort test with
measurement of the exhaled gases and the direct determination
of the anaerobic threshold and VO2max is one of the most important tests to evaluate the severity of the cardiac insufficiency and
the effectiveness of the treatments performed(27).
The prevalence of arrhythmias in children and adolescents apparently healthy was described by Greco et al.(28), who studied 500
young individuals between 4 and 17 years old, in 1983, recruited
from local schools. Respiratory sinusal arrhythmia was found in
97% of children in supine position. In this analysis, an individual
presented supra-ventricular and ventricular extrasystoles, while
other three individuals presented slow ventricular tachycardia,
Wolff-Parkinson-White (WPW) and short PR interval (PRi), respectively. No symptoms related to the findings were observed. The
exercise suppressed the ventricular tachycardia, the extrasystoles
were reduced and no other arrhythmia was provoked.
In the evaluation of the cardiac arrhythmia performed in 2,761
patients with suspicion or diagnosed cardiopathy, Bricker et al.(29)
observed ventricular tachycardia in 22 of them (14 during effort
and 8 after exercise), most of them with cardiac abnormalities:
long QT syndrome (2), arrhythmogenic dysplasia of the right ventricle (4), MVP (2), myocardiopathies (3) and congenital cardiopathies (6). No complications were observed. In another study, the
ET was useful in the evaluation of children and parents with arrhythmogenic dysplasia of the right ventricle, where the familiar
involvement is frequent. The presence of earlier ventricular tachycardia and the development of later cardiac insufficiency may be
observed in this syndrome(30).
In the Wolff-Parkinson-White’s syndrome, the ET performed in
children and adolescents between 4 and 16 years old was able to
identify the appearance of arrhythmias (supra-ventricular and ventricular extrasystole or supra-ventricular tachycardia) and the disappearance and/or appearance of the delta wave during or after
exercise. Children with WPW with total QRS normalization during
exercise and with no tachycardia symptoms require no electrophysiological study(31).
Matina et al.(32) studied children and adolescents between 8 and
18 years old with congenital atrial-ventricular obstruction (AVO) and
ventricular pre-excitation. In the AVO, the worsening of the ob-

struction degree during effort may justify an electrophysiological
study. In the pre-excitation, the ET may aid in the evaluation of the
normal and accessories ducts refractory period and, according to
these authors, the tachycardia appearance justifies the electrophysiological study. On the other hand, the ECG normalization in asymptomatic individuals enables the release for the practice of physical activity. The ET in children submitted to heart pacing implant
may evaluate the tolerance to exercise, symptoms, cardiac frequency response and arrhythmias during effort(33).
The ET may be used in the identification of children with asthma
episodes provoked by the exercise and in the follow-up of the physical training effect on the decrease of the asthma episodes with
the effort(34-36). The appearance of symptoms and alterations on
the respiratory gases during and especially after exercise may identify the bronchospasm with effort present in 75 to 95% of asthmatic individuals and in 3 to 11% of non-asthmatic individuals(37).
In children with cystic fibrosis, the ET was used to assess the tolerance to effort and the response to the treatment with aerobic
and resisted physical training program(38,39). In the ET performance
in 59 patients with average age of 11.4 years after extensive burns
and inhalation lesions, no differences on the functional capacity
were observed(40).
The ET performance in obese children and adolescents showed
lower functional capacity in the presence of hyperinsulinemia(41)
and in the metabolic syndrome(42). Children between 3 and 18 years
old, carriers of localized sclerodermy, showed disturbances on the
conduction through the right branch on the ECG in rest, valvar alterations predominantly mitral in the echocardiogram and absence
of alterations on the ET(43). No significant differences were observed
in the exercise tolerance, blood pressure behavior or electrocardiographic alterations in children from the age of seven submitted
to ET after acute lymphoblastic leukemia treatment(44).
One concludes that the exercise test is a safe procedure that
may be used as important method of diagnosis, prognosis and functional evaluation in several clinical or surgical situations in the population not older than 20 years.
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REFERENCES
1. Araújo CGS. Teste de exercício: terminologia e algumas considerações sobre
passado, presente e futuro baseado em evidências. Rev Bras Med Esporte 2000;
6:77-84.

9. Pahl E, Sehgal R, Chrystof D, Neches WH, Webb CL, Duffy CE, et al. Feasibility
of exercise stress echocardiography for the follow-up of children with coronary
involvement secondary to Kawasaki disease. Circulation 1995;91:122-8.

2. Gibbons RJ, Balady GJ, Beasley JW, Bricker JT, Duvernoy FC, Froelicher VF, et
al. ACC/AHA guidelines for exercise testing: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines (Committee on Exercise Testing). J Am Coll Cardiol 1997;30:260-315.

10. Jan SL, Hwang B, Fu YC, Lee PC, Kao CH, Liu RS, et al. Comparison of 201 Tl
Spect and treadmill exercise testing in patients with Kawasaki disease. Nucl
Med Commun 2000;21:431-5.

3. Washington RL, Bricker JT, Alpert BS, Daniels SR, Deckelbaum RJ, Fisher EA,
et al. Guidelines for exercise testing in the pediatric age group. From the Committee on Atherosclerosis and Hypertension in Children, Council on Cardiovascular Disease in the Young, the American Heart Association. Circulation 1994;
90:2166-79.
4. Bozza A, Loos L. O teste de esforço em crianças e adolescentes. Experiência
com brasileiros normais. Rev SOCERJ 1995;7:19-25.
5. Silva OB, Moscoso J, Lima TB, Simão WS, Silva AJ, Aguiar AS. Teste ergométrico em crianças e adolescentes – estudo de 337 casos. Arq Bras Cardiol 1992:
59(sul II):158.
6. Vivacqua Costa R. Condicionamento físico e limitações do adolescente. In: Academia Nacional de Medicina. I Congresso Nacional – A Saúde do Adolescente.
Conferência apresentada em: Congresso Nacional “A Saúde do Adolescente”.
1991 jun 24-27. Rio de Janeiro, 1991;315-21.
7. Ghorayeb N, Bozza A, Loos L, Fuchs ARCN. Aspectos cardiovasculares da criança atleta. In: Ghorayeb N, Barros TL. O exercício: preparação fisiológica, avaliação médica, aspectos especiais e preventivos. São Paulo: Atheneu, 1999;36373.
8. Nudel DB, Diamant S, Brady T, Jarenwattananon M, Buckley BJ, Gootman N.
Chest pain, dyspnea on exertion, and exercise induced asthma in children and
adolescents. Clin Pediatr 1987;26:388-92.

422

11. Weindling SN, Wernovsky G, Colan SD, Parker JA, Boutin C, Mone SM, et al.
Myocardial perfusion, function and exercise tolerance after the arterial switch
operation. J Am Coll Cardiol 1994;23:424-33.
12. Massin M, Hövels-Gürich H, Däbritz S, Messmer B, von Bernuth G. Results of
the Bruce treadmill test in children after arterial switch operation for simple
transposition of the great arteries. Am J Cardiol 1998;81:56-60.
13. Hauser M, Kuehn A, Wilson N. Abnormal responses for blood pressure in children and adults with surgically corrected aortic coarctation. Cardiol Young 2000;
10:353-7.
14. Calzolari A, Giordano U, Matteucci MC, Pastore E, Santilli A, Turchetta A, et al.
Exercise tolerance and behavior of blood pressure in children and adolescents
after renal transplant. J Sports Med Phys Fitness 1997;37:267-72.
15. Kavey REW, Kveselis DA, Gaum WE. Exaggerated blood pressure response to
exercise in children with increased low-density lipoprotein cholesterol. Am Heart
J 1997;133:162-8.
16. Gillum RF. The relationship of treadmill test performance to blood pressure and
other cardiovascular risk factors in adolescents. Am Heart J 1989;118:161-71.
17. Matthys D, Verhaaren H. Hypertension artérielle à l’effort chez les enfants opérés
de communication interventriculaire et de communication interauriculaire. Arch
Mal Coeur 1990;83:697-700.
18. Gürses HN, Gürses A, Arikan H. Exercise testing in children with congenital
heart disease before and after surgical treatment. Pediatr Cardiol 1991;12:20-3.
Rev Bras Med Esporte _ Vol. 10, Nº 5 – Set/Out, 2004

19. Cumming GR. Maximal exercise capacity of children with heart defects. Am J
Cardiol 1978;42:613-9.
20. Bouhour JB, Lefèvre M, Soulard M, Potiron-Josse M, Louvet S, Grossetête, et
al. Évaluation à long terme et activités physiques et sportives après corrections
de tétralogie de Fallot. Arch Mal Coeur 1984;77:543-9.
21. Tatara K, Matsuoka S, Kubo M, Ushiroguchi Y, Kuroda Y. Time course of oxygen
uptake and heart rate during Bruce treadmill test in patients following surgery
for tetralogy of Fallot. Heart Vessels 1994;9:210-7.

32. Matina D, Faugère G, Lévy S, Gérard R. L’épreuve d’effort dans les anomalies
de la conduction auriculo-ventriculaire isolées chez l’enfant et l’adolescent. Valeur
dans les blocs auriculo-ventriculaires idiopathiques et dans les syndromes de
préexcitation ventriculaire. Arch Mal Coeur 1984;77:550-6.
33. Cabo J, Cordovilla G, Benito F, Moreno F, Álvarez F. Estimulación fisiológica en
pediatría. Rev Esp Cardiol 1990;43(suppl 2):102-10.
34. Sano F, Solé D, Naspitz CK. Asma induzida por exercício em crianças. Rev Bras
Alergia Imunopatol 1989;12:139-46.

22. Pastore E, Turchetta A, Giordano U, Giannico S, Maecelletti C, Ragonese P, et al.
Functional evaluation by treadmill in children and adolescent following correction of tetralogy of Fallot. G Ital Cardiol 1996;26:739-45.

35. Strauss A, Perl D. Asma induzida por exercício: influência de um programa de
treinamento físico. Rev Bras Alergia Imunopatol 1987;10:159-68.

23. Goforth D, James FW, Kaplan S, Donner R, Mays W. Maximal exercise in children with aortic regurgitation: an adjunct to noninvasive assessment of disease
severity. Am Heart J 1984;108:1306-11.

36. Costa NP. Resultados de um programa de tratamento, com ou sem treinamento
físico, em crianças com asma. [Tese de Doutorado]. São Paulo. Universidade
Federal de São Paulo, 2001.

24. Shimokawa T, Takahashi Y, Kikuchi T, Tatsuno K. Exercise capacity in children
late after aortic valve replacement using the Konno procedure. Kyobu Geka 1999;
52:281-5.

37. Baba R, Nagashima M, Tauchi N, Nishibata K, Kondo T. Cardiorespiratory response to exercise in patients with exercise-induced bronchial obstruction. J
Sports Med Phys Fitness 1997;37:182-6.

25. Rokicki W, Krzystolik-Ladzinska J, Goc B. Clinical characteristics of primary mitral valve prolapse syndrome in children. Acta Cardiol 1995;50:147-53.
26. Sumitomo N, Ito S, Harada K, Kobayashi H, Okuni M. Treadmill exercise test in
children with cardiomyopathy and postmyocarditic myocardial hypertrophy. Heart
Vessels 1986;2:47-50.
27. Itoh H, Koike A, Taniguchi K, Marumo F. Severity and pathophysiology of heart
failure on the basis of anaerobic threshold (AT) and related parameters. Jpn Circ
J 1989;53:146-54.
28. Greco R, Musto B, Siciliano S, Marsico L, Garofalo S, D´Alterio D, et al. Prevalenza di aritmie ipercinetiche in una populazione infantile e adolescente sana: correlazione fra ECG standard, prova da sforzo ed ECG dinamico. G Ital Cardiol 1983;
13:179-83.
29. Bricker JT, Traweek MS, Smith RT, Moak JP, Vargo TA, Garson A. Exercise –
related ventricular tachycardia in children. Am Heart J 1986;112:186-8.
30. Mocchegiani R, Mazzanti M, Gili A, Purcaro A. Clinical and instrumental evaluation of the family of a patient with arrhythmogenic right ventricle dysplasia. Angiolology 1991;42:924-8.
31. Bricker JT, Porter CJ, Garson A, Gillette PC, McVey P, Traweek M, et al. Exercise
testing in children with Wolff-Parkinson-White syndrome. Am J Cardiol 1985;
55:1001-4.

Rev Bras Med Esporte _ Vol. 10, Nº 5 – Set/Out, 2004

38. Selvadurai HC, Blimkie CJ, Meyers N, Mellis CM, Cooper PJ, VanAsperen PP.
Randomized controlled study of in-hospital exercise training programs in children with cystic fibrosis. Pediatr Pulmonol 2002;33:194-200.
39. Selvadurai HC, Mckay KO, Blimkie CJ, Cooper PJ, Mellis CM, Van Asperen PP.
The relationship between genotype and exercise tolerance in children with cystic fibrosis. Am J Respir Crit Care Med 2002;165:762-5.
40. McElroy K, Alvarado MI, Hayward PG, Desai MH, Herndon DN, Robson MC.
Exercise stress testing for the pediatric patient with burns: a preliminary report.
J Burn Care Rehabil 1992;13:236-8.
41. Molnár D, Pórszász J. The effect of fasting hyperinsulinaemia on physical fitness in obese children. Eur J Pediatr 1990;149:570-3.
42. Török K, Szelényi Z, Pórszász J, Molnár D. Low physical performance in obese
adolescent boys with metabolic syndrome. Int J Obes Relat Metab Disord 2001;
25:966-70.
43. Rokicki W, Dukalska M, Rubisz-Brzezinska J, Gasior Z. Circulatory system in
children with localized scleroderma. Pediatr Cardiol 1997;18:213-7.
44. Ostanski M, Sonta-Jakimczyk D. Exercise tolerance in patients after acute lymphoblastic leukemia treatment in childhood. Wiad Lek 2001;54:650-5.

423

