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Exercise Echocardiography in Children

Introduction
Exercise echocardiography is a well-established technique to 

evaluate adults with ischaemic heart disease, valvular disorder 
[Aortic Stenosis (AS), mitral regurgitation, and prosthetic valves], 
subclinical pulmonary hypertension, and for the assessment of heart 
function. In children, the utilization of exercise echocardiographyis 
relatively limited, and is mainly relegated to the realm of research. 
Nonetheless, it may yield important diagnostic information in 
paediatric heart diseases. The aim of this review is to provide a 
brief overview of the current utility of exercise echocardiography 
in children.

Discussion
Exercise echocardiography can be used in children older 

than8 years of age who are cooperative and able to perform an 
exercise test. Different methods maybe employed in the conduct 
of an exercise echocardiography. Treadmill exercise test with 
echocardiography can be achieved with image acquisition at rest 
and at peak exercise [1]. It is challenging to acquire images during 
running on the treadmill, and therefore it only allows acquisition 
of images during rest and at peak exercise. The other limitation of 
this method is the rapid attrition of heart rate whilst getting the 
child onto the couch for image acquisition at peak exercise, thus 
compromising interpretation of the results. Alternatively, the  

 
bicycle ergometer could be used. The test can be done either on an 
upright or a semi-supine bicycle. It permits real-time acquisition 
of echocardiographic images during incremental exercise [2]. Since 
bicycle ergometer was developed for adults, there is a minimal 
lower limb length requirement, thus limiting the test to taller 
children (generally>8 years of age). 

Echocardiography during exercise allows qualitative 
assessment of global and regional myocardial function but this 
is highly operator-dependent. The application of Tissue Doppler 
Imaging (TDI) and Speckle Tracking Echocardiography (STE) to 
stress imaging allows quantitative evaluation of regional and global 
myocardial function [3]. Using TDI, peak systolic and diastolic 
velocities (s′ and e′) can be measured at rest and during incremental 
exercise. Myocardial acceleration during isovolumic contraction 
or Isovolumic Acceleration (IVA), an index of contractility which 
is relatively independent of physiologic acute changes in preload 
and after load, can also be measured with colour TDI [4]. Figure 
1 provides an example of offline measurement of colour TDI 
velocities and IVA in a healthy child. As myocardial contractile force 
increases with incremental HR (Treppe effect), expressing IVA vs. 
HR has been proposed as a method for non-invasively assessing 
the Force–Frequency Relationship (FFR) [5]. One of the advantages 
of  IVA is its ability to respond to instantaneous changes in force 
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Abstract

Exercise echocardiography has been widely used in adult cardiology, and is mainly used for assessing regional myocardial function in patients with 
known or suspected coronary artery disease. In addition, it is also useful in the evaluation of the haemodynamic significance of valve disease, such as 
aortic stenosis and mitral regurgitation. In children, exercise echocardiography has found its place in the detection of ischaemia in patients with coronary 
artery abnormalities such as Kawasaki disease, and abnormal origin of coronary arteries. Other indications include assessment of haemodynamic and 
myocardial response in patients with different types of congenital heart disease, the early detection of myocardial dysfunction in specific populations 
such as patients after chemotherapy exposure. The incorporation of tissue Doppler and strain imaging with exercise echocardiography has allowed a 
more quantitative analysis of regional and global systolic and diastolic function. 
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development, such as those that occur in response to heart rate. A 
flattened FFR curve as exemplified by an abnormal IVA response 
during exercise is indicative of a decreased contractile reserve. On 

the other hand, STE allows quantification of regional myocardial 
deformation by calculating strain and strain rate, and has been 
applied in paediatric heart disease [6].

Figure 1: Colour tissue Doppler s’, e’ and measurement of IVA. The vertical line describes the onset of IVA, which coincides with 
the R wave on the electrocardiogram. IVA was calculated as the difference between baseline and peak velocity divided by their 
time interval.

The application of exercise echocardiography in paediatric heart 
disease is still in evolution with changing indications. In children, 
the most common indication for exercise echocardiography is 
children at risk for ischaemic heart disease. These include children 
who had Kawasaki Disease (KD), those with anomalous coronary 
artery origin or after coronary re-implantation (e.g. arterial 
switch operation, Ross operation). KD is the commonest acquired 
paediatric heart disease in developed countries. As sequelae of KD, 
coronary aneurysms may develop, with the risk of thrombosis and 
its consequent myocardial ischaemia and infarction [7]. Current 
guidelines recommend the use of stress imaging for the clinical 
follow-up and risk stratification of patients with isolated small-to-
medium coronary artery aneurysms in at least 1 coronary artery on 
echocardiography or angiography (class III), patients with at least 1 
large coronary artery aneurysm including giant aneurysms, patients 
with multiple or complex aneurysms without obstruction (class 
IV), and in patients with coronary artery obstruction confirmed 
by angiography (Class V) [8]. Pahl and colleagues used exercise 
echocardiography to evaluate children with coronary artery 
involvement secondary to KD. Two children developed exercise-
induced wall motion abnormalities, and were subsequently found 
to have critical stenosis of the left anterior descending coronary 
artery on angiography [9]. By measuring M-modemitral annulus 
excursion during exercise echocardiography, Henein and colleagues 
demonstrated a reduction in LV longitudinal systolic function in 
children with KD when compared with controls [10]. Coronary artery 
abnormalities may occur in children with transposition of the great 
arteries who had undergone Arterial Switch Operation (ASO), which 
involves translocation of the coronary arteries. Coronary artery 
stenosis and occlusion have been demonstrated by angiography 
and computed tomography in up to 5-7% of these patients [11-
13]. As the implication of some of the coronary lesions may be 
uncertain, exercise echocardiography can be used in children after 
ASO to detect ischaemia. Using exercise echocardiography, Chen and 
colleagues demonstrated reduced contractile response to exercise 
in children after ASO compared with controls, by constructing FFR 
curves based on LV IVA. In addition, they also noted a reduced 
diastolic response in tissue Doppler-derived e′ velocity [14]. A rare 

cause of ischaemic heart disease in children is the anomalous origin 
and/or course of a coronary artery, which can be associated with 
an intramural or inter arterial course of the proximal coronary 
artery. This puts the patient at risk of myocardial ischaemia and 
sudden death [15,16]. The clinical management of these often 
asymptomatic patients remains controversial [17]. Stress testing is 
generally considered a useful tool in the diagnostic work-up of these 
patients. Brothers and colleagues, using a multimodality approach 
including exercise stress test, stress echocardiography, and stress 
myocardial perfusion scan, demonstrated findings suggestive of 
ischaemic changes in some children with anomalous aortic origin 
of coronary artery after surgical repair. The authors advocated for 
a multimodality approach in these patients, given the intermittent 
nature of such ischaemic episodes [18].

A next potential indication for exercise echocardiography is the 
assessment of dynamic pressure gradient in the context of obstructive 
lesions. For valvular heart disease, exercise echocardiography 
has been shown to yield prognostic information in adults with 
asymptomatic severe Aortic Stenosis (AS) [19]. However, there 
are no data available in children. Naik and colleagues performed 
exercise echocardiography in children with AS, and reported the 
presence of regional wall motion abnormalities associated with 
ST-segment depression. However, the clinical significance of such 
findings remain uncertain as some of these children only had mild 
AS at rest [20]. In children, the effect of exercise on dynamic Left 
Ventricular Outflow Tract (LVOT) obstruction has been evaluated 
mainly in patients with Hypertrophic Cardiomyopathy (HCM). 
A significant number of HCM patients have no obstruction at 
rest, but can develop significant dynamic LVOT gradients during 
exercise [21,22]. In the ACCF/AHA guidelines for the diagnosis 
and treatment of HCM, exercise echocardiography is included as 
a class IIa recommendation for the detection and quantification of 
exercise-induced dynamic LVOT obstruction in adults who have a 
resting peak gradient of <50 mmHg (level of evidence B) [23]. In 
children, such practice may be controversial as Wittlieb-Weber 
and colleagues recently demonstrated that, in normal subjects, 
high exercise-induced LVOT velocities may be observed and should 
be considered a normal physiological finding in healthy children 
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and adolescents [24]. It is therefore unclear how this affects the 
interpretation of exercise data for children with HCM. Exercise 
echocardiography has also been employed for the assessment of 
residual gradients in children after repair of aortic coarctation 
[25,26]. Recoarctation can be difficult to diagnose but the clinical 
significance of residual mildgradients across the aortic arch or 
transverse aorta remains unclear. Be that as it may, the detection 
of a significant arch gradient during exercise coupled with arterial 
hypertension proximal to the stenosis is a relevant clinical finding 
that may require further investigation and treatment. Furthermore, 
a significant proportion of children who had undergone stent 
implantation for aortic coarctation or recoarctation have been 
reported to have an abnormal blood pressure response [27]. 

Last but not least, exercise echocardiography can be used to 
study early changes in myocardial function by evaluating the systolic 
and diastolic response to exercise. Oftentimes, early myocardial 
injury may be difficult to detect at rest since the myocardium uses 
different compensatory mechanisms to maintain pump function. 
A decreased systolic or diastolic response to exercise may be the 
first sign of early myocardial dysfunction. Therefore, patients with 
signs of early dysfunction may require more regular surveillance 
compared to those with preserved stress response. This approach 
could potentially be applied to children who are at increased risk 
of developing heart failure but with normal heart function and 
chamber size (Stage A heart failure) e.g. exposure of cardiotoxic 
agents, family history of cardiomyopathy, congenital heart disease 
such as single ventricle anatomy etc. There have been a few studies 
evaluating the exercise response in childhood cancer survivors 
[28,29]. In asymptomatic survivors at least 5 years after cancer 
treatment, Ryerson and colleagues demonstrated mild diastolic 
abnormalities at rest which disappeared during exercise [30]. 
Sieswerda and colleagues studied the predictive value of peak 
exercise Ejection Fraction (EF) in asymptomatic anthracycline-
treated childhood cancer survivors [31]. They concluded that 
peak exercise EF did not predict reduction of EF after 10 years 
of follow-up. As EF can be maintained in damaged myocardium 
due to compensatory mechanisms, research into early markers of 
myocardial dysfunction could potentially be more useful. At 10-
year follow-up, anthracycline-treated childhood cancer survivors 
with preserved resting EF at rest demonstrated mildly blunted 
systolic LV IVA response and mildly lower diastolic tissue Doppler 
velocities during exercise when compared to normal subjects 
[32]. Children with HCM also demonstrated reduced systolic and 
diastolic functional reserve, which was unrelated to the degree of 
outflow obstruction [33]. However, this technique was not found 
to be discriminatory in children with hypertrabeculation of the LV 
myocardium and those with left ventricular non-compaction who 
have normal baseline heart function [34]. In the realm of congenital 
heart disease, exercise stress echocardiography unveiled abnormal 
systolic and diastolic reserve, as well as a reduced contractile 
response to exercise in young patients who had undergone 
endovascular stenting of aortic coarctation in childhood [35]. 

Conclusion
Exercise echocardiography is potentially an emerging 

cardiovascular assessment tool in children. 

The introduction of tissue Doppler and myocardial deformation 
imaging offers a more quantitative approach to the evaluation of 
global and regional systolic and diastolic response to exercise. 
This modality is preferred in children above 8 years of age, and 
is currently mainly used for assessing children with coronary 
artery abnormalities. Other indications include valve disorders, 
coarctation of the aorta, and assessment of myocardial reserve.
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