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Introduction 
Since its introduction in the late ’70s (1), stress 
echocardiography (SE) has become one of the most 
accurate functional imaging tests for inducible 
myocardial ischemia (2). Over the years, indications to 
SE have gone beyond coronary artery disease (CAD) and 
have included other conditions such as valvular heart 
diseases, heart failure (HF), and hypertrophic 
cardiomyopathy (HCM). These changes led to a new 
consensus statement from the European Association of 
Cardiovascular Imaging (EACVI)(3) which updates the 
2009 SE expert consensus of the European Association 
of Echocardiography (EAE) (4) and the latest 2016 
advice of the American Society of Echocardiography 
(ASE) in collaboration with the European Association of 
Cardiovascular Imaging (EACVI) (5). This consensus 
exposes the need for a paradigm shift in SE to take a 
step forward from the simple qualitative/visual 
assessment of regional and global heart function at rest 
and during stress. There are three main reasons for this 
shift: declining positivity rate (from >60% in the eighties 
to the current <10%), inability to capture the multiple 
sources of ischemic patient vulnerability and easy 
applicability of the new parameters. Moreover, there 
are also non-clinical factors that help to reinforce the 
usability of SE in daily clinical practice: low cost, no 
radiologic exposure and trivial CO2 emissions (6-8). 
Methodology 
The general SE protocol includes assessment of 
symptoms, 12-lead electrocardiographic continuous 
recording, periodic evaluation of blood pressure and 
imaging monitoring. Imaging always starts with a resting 
transthoracic echocardiogram (TTE) study to assess the 
acoustic quality of the exam, to exclude other reasons 
that could explain the patient’s symptoms (e.g. 

pericardial effusion in chest pain) and to rule out 
contraindications to stress testing such as acute 
myocardial ischemia, aortic dissection, or pulmonary 
embolism. Each exam should include three 
components: 2D for regional wall motion (RWM) and 
left ventricle (LV) volumes, lung ultrasound (LUS) for B-
lines, and Doppler for coronary flow velocity reserve 
(CFVR).  
 
2D: regional wall motion and volumetric analysis 
The first step is LV RWM assessment. It is visually 
evaluated from apical four-, two-, and three-chamber 
views, and parasternal long- and short axis views. The 
standard 16- or 17-segment model is recommended 
with a segmental scoring system ranging from 1 
(normal/hyperkinesia) to 4 (dyskinesia, stretching with 
paradoxical thinning and/or outward motion during 
systole). The wall motion score index (WMSI) is 
calculated as the sum of the individual segments’ score 
divided by the number of visualized segments and is 1.0 
in normal conditions. A positive score variation (peak 
WMSI > rest) indicates ischemia; a negative score (peak 
WMSI < rest) indicates viability or just contractile 
reserve; an abnormal score (WMSI > 1.0) at rest 
unchanged at peak stress indicates a fixed or scar 
response. The biphasic response corresponds to a viable 
response at a low dose (akinesia or severe hypokinesia 
becoming normal), followed by an ischemic response at 
a high dose (normal wall motion becoming hypo-, a-, or 
dyskinesia).  
Measurement of LV volumes during SE is not routinely 
used in many labs because of the frequent degradation 
of imaging during stress and time consumption. 
However, LV volumes provide important prognostic 
information.  
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The normal response at peak stress is an increase of 
end-diastolic volume (EDV) (preload reserve) and a 
reduction of end systolic volume (ESV) (contractile 
reserve). An increase in LV ESV ≥ 10% from baseline 
during stress is considered abnormal (4, 9). 
Even in the absence of inducible RWM abnormalities 
(RWMA), LV dilation can be a sign of CAD and is 
associated with unfavorable prognosis (10). Given their 
important diagnostic and prognostic role, LV volumes 
and at least one of the derived indices of force should 
be reported. The most important indices of force are 
contractile reserve [systolic blood pressure (SBP)/ESV 
peak to rest ratio], cardiac output [stroke volume×heart 
rate (HR)], cardiac reserve, cardiac power output (mean 
arterial pressure×cardiac output/451) and power mass 
(0.222×cardiac output×mean blood pressure/LV mass). 
The abnormal values of prognostic significance are an 
increase of force (or power mass) < 70% with exercise 
or dobutamine and < 10% for vasodilators (11, 12). 
 
Lung ultrasound (LUS)  
LUS at rest and during stress is focused to assess 
pulmonary congestion mirrored by the presence and 
number of B-lines, which are hyperechogenic lines that 
arise from the pleural line, extend towards the edge of 
the screen and move synchronously with respiration. A 
four-site scan can be used, including the third 
intercostal space, symmetrically in the right and left 
hemithorax, one site from the mid-axillary to the 
anterior axillary line and another site from the anterior 
axillary to the midclavicular line. For each site it is 
assigned a score ranging from 0 (black lung) to 10 
(white lung), with a total possible score from 0 (all four 
sites with 0 individual site scores) to 40 (all four sites 
with individual site scores of 10). 
 
CFVR imaging: colour-Doppler and pulsed-wave 
Doppler 
CFVR is expressed as the ratio of peak hyperemic to rest 
maximal diastolic flow velocity; values > 2 are 
considered normal. The coronary flow velocity (CFV) is 
measured with pulsed-wave Doppler at the level of the 
mid-distal portion of the left anterior descending (LAD) 
artery, visible in the low parasternal long-axis view 
and/or modified three-chamber view under the 
guidance of color-Doppler flow mapping and with 
vendor-specific settings (13). In normal conditions, CFV 
is biphasic, with a lower peak during systole and a 
higher peak during diastole, when myocardial 
extravascular resistance is lower. The typical use of 

CFVR is during vasodilator stress tests with adenosine or 
dipyridamole, when the color-Doppler flow signal 
becomes brighter and larger, so it is easier to assess 
(success rate >95%). CFVR can be also evaluated with 
pacing, dobutamine, and semi-supine exercise, but with 
increasing difficulty and decreasing success rate. A 
reduced CFVR is a strong predictor of all-cause mortality 
in chronic coronary syndrome, independent and 
incremental over resting global longitudinal strain (GLS) 
(14) and RWMA (15). CFVR has a prognostic value in 
non-ischemic conditions such as HCM (16), non-
ischemic-dilated cardiomyopathy (17) and heart 
transplant recipients (18). 
 
Stressors 
Potential stressors to be used are exercise, dobutamine, 
a vasodilator (dipyridamole or adenosine), and external 
pacing in patients with permanent pacemakers. 
Exercise, with semi-supine exercise as preferred 
method, is the first line stressor in most cases because 
it reproduces a physiological stress and is safer. 
Dobutamine is an adrenergic agonist, which increases 
myocardial oxygen demand as it happens during 
exercise; it is used in patients with inability to exercise, 
to detect myocardial viability and in the evaluation of 
low flow-low gradient aortic stenosis. Dobutamine is 
administered in increasing doses up to 40 μg/kg/min in 
3-minute steps; atropine with a maximum dose of 1 mg 
can be used to reach the target HR. Contraindications to 
dobutamine are resting SBP > 180 mmHg, left 
ventricular outflow tract gradient > 30 mmHg and 
serious, recent arrhythmias. Dipyridamole is a 
vasodilator agent, which reduces myocardial oxygen 
supply trough vertical and horizontal steal. It is 
administered with a syringe by hand-protocol in dose of 
0.84 mg/kg over 6 minutes, with no need for atropine 
co-administration or infusion pump. The peak 
hyperemic and ischemic effect occurs between 1-6 min 
after the end of the infusion and it lasts several 
minutes, so its effect is antagonized by the antidote 
aminophylline, avoiding fast injections since the drug is 
potentially arrhythmogenic. Adenosine is rarely used 
since its half-life is only a few seconds. Regadenoson is a 
relatively new vasodilator agent with a selective agonist 
action on α2 receptors. It is easily administered as a 
bolus of 0.4 mg in a 5 mL solution, it has not the 
undesirable effects of α1, α2B, and α3-receptors 
stimulation (such as dyspnea, bronchospasm, headache, 
and flushing), but it is significantly more expensive than 
dipyridamole and adenosine. 
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Contraindications to vasodilator agents are asthma or 
phylline therapy, bradyarrhythmia and resting SBP < 80 
mmHg. Pacing can be an option in patients with a 
permanent pacemaker; in this case, it is necessary to 
use external programming with 10 beats increase every 
30 seconds (4). 
 
Ultrasound echo-contrast echocardiography  
Ultrasound contrast agents (UCAs) consist of 
microbubbles that are about the size of a red blood cell 
and have similar rheology. UCAs emanate non-linear 
signals that are distinct from those generated by 
myocardial tissue, thus making easier the interpretation 
of RWMA when ≥ 2 contiguous segments cannot be 
adequately visualized by standard TTE. Moreover, UCAs 
enable a better analysis of LV volumes, enhance the 
Doppler signal in the LAD for CFVR study and the 
tricuspid regurgitant velocity signal for the estimation of 
pulmonary artery systolic pressure (PASP).  Another 
more advanced and more technically challenging 
application of UCAs is the study of myocardial 
perfusion. It is based on the concept that UCAs can be 
cleared from the myocardium by a transient increase in 
the mechanical index called flash imaging, following 
which the myocardium should normally replenish in 5 
seconds. Perfusion is assessed at the end of systole in 
the three apical views and it requires the administration 
of a bolus of UCAs during peak bicycle, dobutamine or 
vasodilator stress. A qualitative score can be used to 
grade myocardial perfusion; this score ranges from 0 
(no opacification even after 10 seconds) to 2 
(homogenous opacification occurring within 5 seconds 
of flash imaging). 
 
The ABCDE protocol 
A systematic approach is crucial to standardize the 
execution of SE and, in this perspective, ABCDE protocol 
should always be used. It consists of a five steps 
protocol which includes the assessment of RWM (step 
A), B-lines (step B), LV contractile reserve (step C), 
Doppler-based assessment of CFVR in LAD (step D) and 
HR ratio (HRR) (step E) (19). The HRR is the ratio of peak 
HR to basal HR; the normal values are > 1.80 for 
exercise or dobutamine and >1.22 for dipyridamole. A 
reduced HRR is a strong predictor of mortality in chronic 
coronary syndromes, independent and incremental 
over RWMA (20-22). 
Since indications to SE have gone beyond CAD, other 
additional useful parameters can be included in the 

ABCDE protocol, namely mitral regurgitation (step F), 
dynamic LV or transvalvular obstructive gradient (step 
G), pulmonary hemodynamics (step P), and right 
ventricle function (step R). Left atrial volume changes 
(step L for left atrium) can also be assessed; an 
abnormal response is characterized by an excessive left 
atrial dilation during stress (Δ variation from rest to 
stress > 8 mL/m2), with a reduction or subnormal 
increase in global peak atrial longitudinal strain. It 
should be emphasized that patient-specific protocols 
should be adopted according to the specific clinical 
question. 
 
Indications and accuracy 
CAD is still the most frequent indication to SE due to its 
high diagnostic accuracy (80-90%) in predicting 
obstructive epicardial CAD (4, 23). False negative 
response (significant CAD despite no RWMA) occurs 
more often in case of submaximal stress, in patients 
taking anti-ischemic drugs at the time of testing and in 
limited forms of single-vessel disease, above all 
ischemia confined to left circumflex territory. Stress-
induced RWMA in the absence of significant CAD (‘false 
positive response’) are rare, often due to epicardial 
coronary artery vasospasm or hidden cardiomyopathy 
and is associated with worse prognosis (4, 24, 25). 
According to current guidelines, SE is recommended as 
initial test in intermediate-high risk symptomatic 
patient, and as second test in doubtful cases after 
inconclusive coronary computed tomography 
angiography (26); it can be also prescribed in patients 
with known CAD and stable angina despite optimal 
medical therapy, for risk stratification in suspected or 
known CAD (26), before high-risk elective non-cardiac 
surgery in patients with poor functional capacity and a 
high likelihood or known CAD (27) and in patients with 
HF with reduced ejection fraction (HFrEF) and CAD for 
assessment of ischemia and viability (28). SE is also an 
option to detect inducible myocardial ischemia in 
coronary anomalies, transposition of the great arteries 
post-switch operation (29) and Kawasaki disease (30). 
Non-ischemic indications for SE include HF with 
preserved ejection fraction (HFpEF) to assess increase in 
E/e’ ratio or pulmonary hypertension (28), valvular 
heart diseases such as mitral stenosis, mitral 
regurgitation, low flow-low gradient aortic stenosis to 
evaluate increase in severity or exercise-induced 
pulmonary hypertension (31, 32) and HCM to identify 
left ventricular outflow tract obstruction (33, 34).  
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SE can also be used in congenital heart disease for 
gradients estimation; specifically, it is recommended in 
case of changes in clinical status or for routine 
surveillance every 2–5 years in asymptomatic 
unrepaired or every 12 months in asymptomatic 
repaired patients for subaortic stenosis, aortic 
coarctation and repaired tetralogy of Fallot (35). 
 
Prognosis 
The assessment of RWMA, alone, is not effective for risk 
stratification, above all in specific subsets of population. 
For example, reduced CFVR, LV contractile reserve, and 
HRR show independent value in predicting outcomes in 
diabetic patients even without inducible RWMA (36). 
The assessment of patient vulnerability is better 
achieved with the ABCDE protocol. Each abnormal step 
can be assigned a score of 1 so a normal response has a 
score of 0 and a completely abnormal response has a 
score of 5. This score has a strong prognostic impact 
with an annual all-cause mortality ranging from 0.4% 
(score 0) to 2.7% (score 5) (23). This approach also 
allows clinicians to better understand patient’s 
vulnerability and to optimize therapy. 
 
Conclusions 
SE is no longer simply based on the assessment of 
RWMA but is a multiparametric examination with 
numerous applications, which go beyond CAD. The 
ability to evaluate numerous parameters in a single 
exam makes it a first-line functional imaging test with a 
high accuracy and a strong prognostic impact. Low cost, 
lack of exposure to ionizing radiation and absence of 
CO2 emissions are other important advantages of SE in 
the era of sustainability. 

Peer-review: Internal 
Conflict of interest: None to declare 

Authorship:  F.L. and G.I. equally contributed to the 
preparation for manuscript, and fulfilled authorship 

criteria  
Acknowledgements and funding: None to declare  

Statement on A.I.-assisted technologies use: We 
declare that we did not use AI-assisted technologies in 

preparation of this manuscript 
 
References 
1.Armstrong WF, Ryan T. Stress echocardiography from 
1979 to present. J Am Soc Echocardiogr 2008; 21: 22-8. 
2.Woodward W, Dockerill C, McCourt A, Upton R, 
O'Driscoll J, Balkhausen K, et al. Real-world 

performance and accuracy of stress echocardiography: 
the EVAREST observational multi-centre study. Eur 
Heart J Cardiovasc Imaging 2022; 23: 689-98. 
3.Picano E, Pierard L, Peteiro J, Djordjevic-Dikic A, Sade 
LE, Cortigiani L, et al. The clinical use of stress 
echocardiography in chronic coronary syndromes and 
beyond coronary artery disease: a clinical consensus 
statement from the European Association of 
Cardiovascular Imaging of the ESC. Eur Heart J 
Cardiovasc Imaging 2024; 25: e65-e90. 
4.Sicari R, Nihoyannopoulos P, Evangelista A, Kasprzak J, 
Lancellotti P, Poldermans D, et al. Stress 
echocardiography Expert Consensus Statement--
Executive Summary: European Association of 
Echocardiography (EAE) (a registered branch of the 
ESC). Eur Heart J 2009; 30: 278-89. 
5.Lancellotti P, Pellikka PA, Budts W, Chaudhry FA, 
Donal E, Dulgheru R, et al. The clinical use of stress 
echocardiography in non-ischaemic heart disease: 
recommendations from the European Association of 
Cardiovascular Imaging and the American Society of 
Echocardiography. Eur Heart J Cardiovasc Imaging 2016; 
17: 1191-229. 
6.Lorenzoni V, Bellelli S, Caselli C, Knuuti J, Underwood 
SR, Neglia D, et al. Cost-effectiveness analysis of stand-
alone or combined non-invasive imaging tests for the 
diagnosis of stable coronary artery disease: results from 
the EVINCI study. Eur J  Health Econ 2019; 20: 1437-49. 
7.Picano E, Vañó E, Rehani MM, Cuocolo A, Mont L, 
Bodi V, et al. The appropriate and justified use of 
medical radiation in cardiovascular imaging: a position 
document of the ESC Associations of Cardiovascular 
Imaging, Percutaneous Cardiovascular Interventions 
and Electrophysiology. Eur Heart J 2014; 35: 665-72. 
8.Marwick TH, Buonocore J. Environmental impact of 
cardiac imaging tests for the diagnosis of coronary 
artery disease. Heart (British Cardiac Society) 2011; 97: 
1128-31. 
9.Kataoka A, Scherrer-Crosbie M, Senior R, Garceau P, 
Valbuena S, Čelutkienė J, et al. Transient Ischemic 
Dilatation during Stress Echocardiography: An 
Additional Marker of Significant Myocardial Ischemia. 
Echocardiogr 2016; 33: 1202-8. 
10.Marwick TH. Abnormal contractile reserve to 
exercise: a stress echocardiographic abnormality that 
may be associated with myocardial rather than 
coronary artery disease. J Am Soc Echocardiogr 2015; 
28: 106-7. 

 



 
Heart, Vessels and Transplantation 2024; 8: doi: 10.24969/hvt.2024.500 
Stress echo 2024           Loria and Iuliano 
   
11.Cortigiani L, Sorbo S, Miccoli M, Scali MC, Simioniuc 
A, Morrone D, et al. Prognostic value of cardiac power 
output to left ventricular mass in patients with left 
ventricular dysfunction and dobutamine stress echo 
negative by wall motion criteria. Eur Heart J Cardiovas 
2017;1 8: 153-8. 
12.Anand V, Kane GC, Scott CG, Pislaru SV, Adigun RO, 
McCully RB, et al. Prognostic value of peak stress 
cardiac power in patients with normal ejection fraction 
undergoing exercise stress echocardiography. Eur Heart 
J 2021; 42: 776-85. 
13.Bombardini T, Gherardi S, Arpesella G, Maccherini 
M, Serra W, Magnani G, et al. Favorable short-term 
outcome of transplanted hearts selected from marginal 
donors by pharmacological stress echocardiography. J  
Am Soc Echocardiogr 2011; 24: 353-62. 
14.Gaibazzi N, Lorenzoni V, Tuttolomondo D, Botti A, De 
Rosa F, Porter TR. Association between resting global 
longitudinal strain and clinical outcome of patients 
undergoing stress echocardiography. J  Am Soc 
Echocardiogr 2022; 35: 1018-27.e6. 
15.Ciampi Q, Zagatina A, Cortigiani L, Gaibazzi N, 
Borguezan Daros C, Zhuravskaya N, et al. Functional, 
anatomical, and prognostic correlates of coronary flow 
velocity reserve during stress echocardiography. J Am 
Coll Cardiol 2019; 74: 2278-91. 
16.Tesic M, Beleslin B, Giga V, Jovanovic I, Marinkovic J, 
Trifunovic D, et al. Prognostic value of transthoracic 
doppler echocardiography coronary flow velocity 
reserve in patients with asymmetric hypertrophic 
cardiomyopathy. J Am Heart Assoc 2021; 10: e021936. 
17.Rigo F, Gherardi S, Galderisi M, Pratali L, Cortigiani L, 
Sicari R, et al. The prognostic impact of coronary flow-
reserve assessed by Doppler echocardiography in non-
ischaemic dilated cardiomyopathy. Eur Heart J 2006; 27: 
1319-23. 
18.Bjerre KP, Clemmensen TS, Poulsen SH, Hvas AM, 
Løgstrup BB, Grove EL, et al. Coronary flow velocity 
reserve and myocardial deformation predict long-term 
outcomes in heart transplant recipients. J  Am Soc 
Echocardiogr 2021; 34: 1294-302. 
19.Picano E, Ciampi Q, Wierzbowska-Drabik K, Urluescu 
ML, Morrone D, Carpeggiani C. The new clinical 
standard of integrated quadruple stress 
echocardiography with ABCD protocol. Cardiovasc 
Ultrasound  2018; 16: 22. 
20.Elhendy A, Mahoney DW, Khandheria BK, Burger K, 
Pellikka PA. Prognostic significance of impairment of 
heart rate response to exercise: impact of left 

ventricular function and myocardial ischemia. J Am Coll 
Cardiol 2003; 42: 823-30. 
21.Chaowalit N, McCully RB, Callahan MJ, Mookadam F, 
Bailey KR, Pellikka PA. Outcomes after normal 
dobutamine stress echocardiography and predictors of 
adverse events: long-term follow-up of 3014 patients. 
Eur Heart J  2006;  27: 3039-44. 
22.Cortigiani L, Carpeggiani C, Landi P, Raciti M, Bovenzi 
F, Picano E. Usefulness of Blunted Heart Rate Reserve as 
an Imaging-Independent Prognostic Predictor During 
Dipyridamole Stress Echocardiography. Am J  Cardiol 
2019; 124: 972-7. 
23.Ciampi Q, Zagatina A, Cortigiani L, Wierzbowska-
Drabik K, Kasprzak JD, Haberka M, et al. Prognostic 
value of stress echocardiography assessed by the 
ABCDE protocol. Eur Heart J 2021; 42: 3869-78. 
24.Pellikka PA, Arruda-Olson A, Chaudhry FA, Chen MH, 
Marshall JE, Porter TR, et al. Guidelines for 
performance, interpretation, and application of stress 
echocardiography in ischemic heart disease: From the 
American Society of Echocardiography. J  Am Soc 
Echocardiogr 2020; 33: 1-41.e8. 
25.Ong P, Seitz A. European Society of Cardiology 
Highlights: Late-breaking Science MINOCA/ANOCA. Eur  
J Cardiol 2022; 17: e18. 
26.Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato 
E, Funck-Brentano C, et al. 2019 ESC Guidelines for the 
diagnosis and management of chronic coronary 
syndromes. Eur Heart J 2020; 41: 407-77. 
27.Halvorsen S, Mehilli J, Cassese S, Hall TS, Abdelhamid 
M, Barbato E, et al. 2022 ESC Guidelines on 
cardiovascular assessment and management of patients 
undergoing non-cardiac surgery. Eur Heart J 2022; 43: 
3826-924. 
28.McDonagh TA, Metra M, Adamo M, Gardner RS, 
Baumbach A, Böhm M, et al. 2021 ESC Guidelines for 
the diagnosis and treatment of acute and chronic heart 
failure. Eur Heart J 2021; 42: 3599-726. 
29.Baumgartner H, De Backer J, Babu-Narayan SV, Budts 
W, Chessa M, Diller GP, et al. 2020 ESC Guidelines for 
the management of adult congenital heart disease. Eur 
Heart J 2021; 42: 563-645. 
30.McCrindle BW, Rowley AH, Newburger JW, Burns JC, 
Bolger AF, Gewitz M, et al. Diagnosis, treatment, and 
long-term management of Kawasaki disease: A Scientific 
Statement for Health Professionals From the American 
Heart Association. Circulation 2017; 135: e927-e99. 
 
 



Heart, Vessels and Transplantation 2024; 8: doi: 10.24969/hvt.2024.500 
Stress echo 2024           Loria and Iuliano 
   
31.Otto CM, Nishimura RA, Bonow RO, Carabello BA, 
Erwin JP, 3rd, Gentile F, et al. 2020 ACC/AHA Guideline 
for the management of patients with valvular heart 
disease: Executive Summary: A Report of the American 
College of Cardiology/American Heart Association Joint 
Committee on Clinical Practice Guidelines. Circulation 
2021; 143: e35-e71. 
32.Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus 
S, Bauersachs J, et al. 2021 ESC/EACTS Guidelines for 
the management of valvular heart disease. Eur Heart j  
2022; 43: 561-632. 
33.Elliott PM, Anastasakis A, Borger MA, Borggrefe M, 
Cecchi F, Charron P, et al. [2014 ESC Guidelines on 
diagnosis and management of hypertrophic 
cardiomyopathy]. Kardiol Polska 2014; 72: 1054-126. 
34.Ommen SR, Mital S, Burke MA, Day SM, Deswal A, 
Elliott P, et al. 2020 AHA/ACC Guideline for the 
Diagnosis and Treatment of Patients With Hypertrophic 
Cardiomyopathy: Executive Summary: A Report of the 
American College of Cardiology/American Heart 
Association Joint Committee on Clinical Practice 
Guidelines. Circulation 2020; 142: e533-e57. 

35.Sachdeva R, Valente AM, Armstrong AK, Cook SC, 
Han BK, Lopez L, et al. 
ACC/AHA/ASE/HRS/ISACHD/SCAI/SCCT/SCMR/SOPE 
2020 Appropriate Use Criteria for Multimodality 
Imaging During the Follow-Up Care of Patients With 
Congenital Heart Disease: A Report of the American 
College of Cardiology Solution Set Oversight Committee 
and Appropriate Use Criteria Task Force, American 
Heart Association, American Society of 
Echocardiography, Heart Rhythm Society, International 
Society for Adult Congenital Heart Disease, Society for 
Cardiovascular Angiography and Interventions, Society 
of Cardiovascular Computed Tomography, Society for 
Cardiovascular Magnetic Resonance, and Society of 
Pediatric Echocardiography. J Am Coll Cardiol 2020; 75: 
657-703. 
36.Cortigiani L, Ciampi Q, Carpeggiani C, Lisi C, Bovenzi 
F, Picano E. Additional prognostic value of heart rate 
reserve over left ventricular contractile reserve and 
coronary flow velocity reserve in diabetic patients with 
negative vasodilator stress echocardiography by 
regional wall motion criteria. Eur Heart J Cardiovasc 
Imag 2022;23: 209-16. 

 
 

 
 

 Issyk-Kul -  a pearl between mountains, June 2024. Marjan Aikimbaeva, Bishkek, Kyrgyzstan 
 


