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SEMISUPINE CYCLE STRESS ECHOCARDIOGRAPHY IN PAEDIATRIC CARDIOLOGY: A SUPERIOR METHOD OF EXERCISE TESTING 

G. Sandor
University of British Columbia, Vancouver, BC, Canada

Background:  Stress testing poses problems in clinical practice in pediatrics: treadmill testing does not permit measuring most physiological parameters during each stage of exercise; and pharmacologic testing is non-physiological. Upright cycle ergometry makes echo Doppler measurements difficult, while supine cycle ergometry is ergonomically difficult for children. Semi-supine cycle ergometry is well tolerated by children and enables echocardiographic and Doppler interrogation and metabolic measurements to be performed during staged physiological exercise. 
Methods: Subjects exercised on a semi-supine cycle ergometer using a 3-minute step protocol of 20-40 watts at 60-75 rpm until volitional fatigue. At rest, 1½ minutes into each stage of exercise, immediately, and 3 minutes post-exercise, the following were measured: right arm blood pressure; ventricular systolic and diastolic dimensions, wall thickness and resting aortic outflow diameter by M-mode; aortic ejection time, peak velocity by Doppler; two-dimensional images of the parasternal long, short axis, apical 4 and 2 chamber, and long axis views were obtained. Later in the series, oxygen consumption and tissue Doppler were also measured. Where applicable, shortening fraction and the preload-independent, afterload-adjusted relationship of left ventricular function, the MVCFc/stress relationship, was calculated. From the Doppler images, stroke volume index and cardiac index were calculated. Segmental wall motion was assessed. All of these parameters were calculated wherever possible for all stages of exercise. The protocol was adapted to assess function in patients with special forms of congenital heart disease such as those with univentricular hearts or systemic right ventricles. Testing was not routinely done in children less than 8 years of age.  
Results: Since 1997, we have performed 660 Echo-Doppler stress tests in 427 pediatric patients and 28 healthy controls. Among our patient cohorts, there were 306 with congenital heart disease (73 with tetralogy of Fallot, 84 with atrial switch for transposition of the great arteries, 23 with arterial switch, 55 with left-sided obstructive and regurgitant valve disease, 16 with univentricular hearts, and 54 miscellaneous), 85 who were post-chemotherapy, 82 with eating disorders, 75 who had a cardiac transplant, 58 with cardiomyopathy, and 24 miscellaneous cases who did not have congenital heart disease. We have established the normal staged responses in heart rate, systolic blood pressure, stroke volume index, cardiac index, shortening fraction, MVCFc, wall stress, the MVCFc/stress relationship, contractility of all myocardial segments, and maximum workload. Oxygen consumption, ventilation  and RER were measured. This technique has been useful in the assessment of patients with cardiomyopathy, aortic valve regurgitation, post surgery for complex congenital heart disease, has unmasked cardiac dysfunction in post anthracycline patients, anorexic patients and patients with systemis or pulmonary venous obstruction post Mustard or other surgery and also established the safety of exercise in other patient groups. Assessment of ventricular synchrony and interdependence, segmental wall motion, myocardial reserve and valvar function has been done where indicated, 

Conclusions: We have been able to perform stress echocardiography during semisupine cycle exercise to assess maximal exercise capacity and oxygen consumption, left and right systemic ventricular myocardial function, myocardial reserve, segmental wall motion, valvar obstruction, ventricular synchrony, and unmask systemic and pulmonary venous obstruction. 
The results of these tests have proven invaluable in making important clinical decisions about the healthcare of these patients. 
