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Abstract
Currently, the role of stress echocardiography primarily resides in diagnosing acquired coronary

artery disease (CAD) in adults. Besides an increasing concern for traditional CAD in young patients

due to obesity and other chronic pediatric diseases, there is also a growing population of adoles-

cents and young adults with “at risk” coronary arteries due to: reimplanted coronaries in

congenital heart disease, anomalous origin of the native coronary arteries, coronary abnormalities

in Kawasaki’s disease, and posttransplant coronary vasculopathy. Stress echocardiography is well

suited for routine screening and monitoring in these patients. Also, due to the ability of stress

echocardiography to provide real-time cardiac imaging, it is useful in areas beyond coronary ische-

mia. Utilizing Doppler derived velocities and pressure gradients, one is able to further evaluate and

risk-stratify patients with valvular heart disease. In addition, stress echocardiography is useful in

evaluating other areas including ventricular and coronary reserve. The benefits of stress echocardi-

ography are it is: readily available, portable, and relatively cheap. It can be performed without

sedation or radiation exposure which becomes very important in younger patients that require

periodic monitoring. Stress echocardiography can also evaluate functional abnormalities instead of

relative perfusion defects. Overall, stress echocardiography is currently an underutilized imaging

modality that has a wide, and expanding, range of application in the practice of pediatric and con-

genital cardiology.
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1 | INTRODUCTION

Almost one hundred years ago, Bousfield first noted ST segment

depression during an episode of angina.1 Not 20 years later, Tennant

and Wiggers showed how coronary occlusion induced myocardial wall

motion abnormalities.2 These works, demonstrating both electrical and

mechanical abnormalities of the myocardium caused by decreased cor-

onary blood flow, culminated in 1970 when Kraunz and Kennedy first

demonstrated stress echocardiography.3 During the subsequent 40

years, advances in echocardiography have allowed stress echocardiog-

raphy to become an important modality in cardiac diagnostic testing.

At present, the role of stress echocardiography primarily resides in

diagnosing acquired coronary artery disease (CAD) in adults. Stress

echocardiography and nuclear myocardial perfusion imaging (MPI) serve

as the major modalities to evaluate adult patients for CAD. This primarily

consists of cardiac risk stratification in adult patients both with known

and unknown CAD. Stress echocardiography is typically indicated in

those patients with moderate to high baseline risk who present with

chest pain. It is also indicated for preoperative assessment in patients

with high baseline risk prior to undergoing major noncardiac surgery. In

addition to risk assessment, stress echocardiography has been shown to

provide prognostic data in patients following myocardial infarction.4

Stress echocardiography builds from the basic concept that Ten-

nant and Wiggers first showed 80 years ago: coronary stenosis and

ischemia cause myocardial wall motion abnormalities.2 A century of

research in cardiac ischemia has led us to a better understanding of the

ischemic cascade. This pathway begins with subclinical metabolic

abnormalities, progresses to myocardial wall motion abnormalities, and

eventually results in the symptoms of angina.5 Using the knowledge of

the ischemic cascade, stress echocardiography can allow for the diag-

nosis of CAD prior to appearance of either resting electrocardiographic

abnormalities or angina.
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Due to the ability of stress echocardiography to provide real-time

cardiac imaging, it also is useful in areas beyond coronary ischemia. Uti-

lizing Doppler derived velocities and pressure gradients, one is able to

further evaluate and risk-stratify patients with valvular heart disease. In

addition, stress echocardiography has been found to be useful in evalu-

ating ventricular reserve. This looks at the general contractile response

to exercise as opposed to focusing on regional wall motion

abnormalities.6

As is typical with most testing modalities, stress echocardiography

has only more recently been utilized in the pediatric population. While

Alpert et al. first described stress echocardiography in a pediatric

patient in 1980, it has only been within the last two decades that it has

begun to be discussed in literature as a viable mainstream stress imag-

ing modality.7 As the pediatric population with acquired CAD increases,

stress echocardiography may continue to expand its role in the pediat-

ric age group.8

2 | PERFORMING A STRESS ECHO

One of the main components of stress echocardiography is the stressor

which can be either exercise or pharmacologic. In terms of exercise,

stress echocardiography utilizes either a traditional treadmill or a cyclic

ergometer. The goals for stress testing are to achieve maximal stress

(typically to achieve a predetermined heart rate response) and maxi-

mum oxygen uptake in a time period of 8–12 minutes. The Bruce Pro-

tocol is most commonly used for treadmill stress testing. It consists of

three minute stages of increasing speed and treadmill elevation. Cyclic

ergometers allow an increasing workload to be performed in cycling

positions ranging from supine to upright. Cyclic ergometer protocols

mirror those of the treadmill: ranging from staged to progressive.9

The choice of treadmill versus cyclic ergometer should be individu-

alized to physician and patient preference. Younger children have

greater familiarity with ambulation thus treadmill testing may be more

easily performed in a younger population. This, however, must be

weighed with the fact that the treadmill is a more dangerous testing

modality. Many providers prefer treadmill testing as the maximal oxy-

gen uptake achieved is typically approximately 10% higher than that

achieved on a cyclic ergometer.9 If patients are able to perform

adequately on the cyclic ergometer, studies have shown that both the

patient and sonographer prefer this modality.10

Pharmacologic stress testing is sometimes required when exercise

via a treadmill or cyclic ergometer is unable to be performed. Dobut-

amine is by far the most commonly used medication in conjunction

with stress echocardiography. Dobutamine is typically administered via

a continuous infusion starting at 5–10 mcg/kg/min and increasing

every 2–3 minutes to a maximum dose of 40–50mcg/kg/min. Addi-

tionally, Atropine can be administered in small boluses of 0.01 mg/kg

(max 0.25 mg per dose for maximum of 1–2 mg total) to augment heart

rate response to achieve an adequate maximum heart rate.9

Modern ultrasound equipment typically contains preprogrammed

protocols that enable relatively easy performance of stress echocardi-

ography. A well-trained sonographer, with specific experience in stress

echocardiography, is required due to the time sensitive nature of image

capture (especially for postexercise imaging). For all stress echocardiog-

raphy, baseline resting images are captured prior to beginning the

stress test. For evaluation of wall motion abnormalities, images are typ-

ically captured in: parasternal long axis, parasternal short axis, apical

four chamber, and apical two chamber views. Stress imaging protocols

vary based on the type of stressor utilized. In treadmill testing, stress

imaging is performed once immediately post peak exercise. The same

four views captured at baseline are again captured. It is important that

imaging is completed within approximately 60 seconds following termi-

nation of exercise to insure it represents peak stress. For cyclic ergom-

eter and pharmacologic testing a series of images can be obtained at

different levels of stress.6

Stress echocardiography studies should be interpreted by a cardi-

ologist with experience in reading both stress echo and wall motion

abnormalities. Training for adult cardiologists require performance/

interpretation of at least 100 stress studies to gain proficiency in their

performance and interpretation. The expected wall motion response to

stress involves both segment hypercontractily and wall thickening

(greater than 50%). With stress, the overall left ventricular chamber

size becomes smaller in both systole and diastole.11

3 | APPLICATIONS IN SPECIFIC
POPULATIONS

Currently in the pediatric population, stress echocardiography is most

commonly utilized to evaluate for ischemia in patients at risk for, or

who have known, coronary abnormalities. This applicability stems from

the large amount of data derived from stress echocardiography utiliza-

tion in adult CAD patients. While traditional CAD is an increasing con-

cern in the young patient due to obesity and other chronic pediatric

diseases (diabetes, hyperlipidemia, and chronic kidney disease), athero-

sclerotic CAD continues to be a relatively rare occurrence. However,

there is a growing population of adolescents and young adults with “at

risk” coronary arteries due to: reimplanted coronaries in congenital

heart disease, anomalous origin of the native coronary arteries, coro-

nary abnormalities in Kawasaki’s disease, and posttransplant coronary

vasculopathy.6

In addition to evaluating for coronary abnormalities, stress echo-

cardiography is uniquely suited to obtain exercise information in

patients with valvular heart disease. These gradients are often noted to

be markedly increased during exercise compared to relatively mild to

moderate abnormalities present at rest. This additional information

may serve to better guide exercise restriction and/or timing of inter-

vention in these patients.6

A relatively new area of stress echocardiography is evaluating ven-

tricular contractile reserve in patients who have, or who are at risk, for

structural cardiac disease. This includes patients with congenital heart

disease, cardiomyopathies, and disorders. There is some data suggest-

ing that stress echocardiography evaluating contractile reserve can be

prognostic in patients with previous exposure to cardiotoxic chemo-

therapy agents.12
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4 | COMPARISON WITH OTHER
MODALITIES

In addition to stress echocardiography, other cardiac imaging modalities

are: MPI, cardiac magnetic resonance (CMR), and positron emission

tomography. An in-depth comparison among these modalities is beyond

the scope of this review. In adult studies, stress echocardiography has

displayed similar sensitivities/specificities in detecting significant coro-

nary ischemia when compared with both MPI and CMR.13 The benefits

of stress echocardiography are it is: readily available, portable, and rela-

tively cheap. It can be performed without sedation or radiation exposure.

In utilizing exercise or dobutamine as a stressor, stress echocardiography

evaluates functional abnormalities instead of relative perfusion defects.

MPI, which evaluates relative perfusion, has been shown to have

decreased sensitivity in detecting proximal coronary defects (left main or

triple vessel disease) in adult patients with CAD.14 The major disadvan-

tages are it requires a very proficient and experienced sonographer and

requires good echocardiographic windows (which can likely be improved

with the utilization of an ultrasound contrast agent6).

5 | POTENTIAL FUTURE APPLICATIONS

More recent technologic advances in the use of real-time 3D echocar-

diography, ultrasound contrast perfusion imaging, and utilization of

echocardiographic strain imaging with stress hope to add further to the

utility and applications of stress echocardiography.

CONFLICT OF INTEREST

None.

DISCLOSURES

None.

AUTHOR CONTRIBUTIONS

The author contributed in the concept/design, drafting, critical revi-

sion and approval of the article.

REFERENCES

[1] Bousfield G. Angina pectoris: changes in electrocardiogram during

paroxysm. Lancet. 1918;2:457–458.

[2] Tennet R, Wigger CJ. The effect of coronary occlusion on myocar-

dial contraction. Am J Physiol. 1935;112:351–361.

[3] Kraunz RF, Kennedy JW. Ultrasonic determination of left ventricular

wall motion in normal man: studies at rest and after exercise. Am

Heart J. 1970;79:36–43.

[4] Armstrong WF, Zoghbi WA. Stress echocardiography: current meth-

odology and clinical applications. JACC. 2005;45:1739–1747.

[5] Armstrong WF. Stress echocardiography: introduction, history, and

methods. Prog Cardiovasc Dis. 1997;39(6):499–522.

[6] Kimball TR. Pediatric stress echocardiography. Pediatr Caridol. 2002;

23:347–357.

[7] Pahl E, Duffy E, Chaudhry FA. The role of stress echocardiography

in children. Echocardiography. 2000;17:507–512.

[8] Ou P, Kutty S, Khraiche D, Sidi D, Bonnet D. Acquired coronary dis-

ease in children: the role of multimodality imaging. Pediatr Radiol.

2013;43:444–453.

[9] Paridon SM, Alpert BS, Boas SR, et al. Clinical stress testing in the

pediatric age group: a statement from the American Heart Associa-

tion council on cardiovascular disease in the young, committee on

atherosclerosis, hypertension, and obesity in youth. Circulation.

2006;113:1905–1920.

[10] Badruddin SM, Ahmad A, Mickelson J, et al. Supine bicycle versus

post-treadmill exercise echocardiography in the detection of myo-

cardial ischemia: a randomized single-blind crossover trial. JACC.

1999;33(6):1485–1490.

[11] Lang RM, Bierig M, Devereux RB, et al. Recommendations for

chamber quantification. Eur J Echocardiogr. 2006;7(2):79–108.

[12] Toro-Salazar OH, Gillan E, O’loughlin MT, et al. Occult cardiotoxic-

ity in childhood cancer survivors exposed to anthracycline therapy.

Circ Cardiovasc Imaging. 2013;6:873–880.

[13] Fine NM, Pellikka PA. Stress echocardiography for the detection

and assessment of coronary artery disease. J Nucl Cardiol. 2011;18:

501–515.

[14] Mahajan N, Polavaram L, Vankayala H, et al. Diagnostic accu-

racy of myocardial perfusion imaging and stress echocardiogra-

phy for the diagnosis of left main and triple vessel coronary

artery disease: a comparative meta-analysis. Heart. 2010;96:

956–966.

How to cite this article: Ermis P. Stress echocardiography: An

overview for use in pediatric and congenital cardiology. Congeni-

tal Heart Disease. 2017;12:624–626. https://doi.org/10.1111/

chd.12495

626 | ERMIS

https://doi.org/10.1111/chd.12495
https://doi.org/10.1111/chd.12495

