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Stress echocardiography (SE) is a well established and valid technique, widely used for the diagnostic
evaluation of patients with ischemic and nonischemic cardiac diseases. This statement of the Echocar-
diography Working Group of the Hellenic Society of Cardiology summarizes the consensus of the writing
group regarding the applications of SE, based on the expertise of their members and on a critical review
of present medical literature. The main objectives of the consensus document include a comprehensive
review of SE methodology and trainingdwhich focus on the preparation, the protocols used, the analysis
of the SE images, and updated, evidence-based knowledge about SE applications on ischemic and
nonischemic heart diseases, such as in cardiomyopathies, heart failure, and valvular heart disease.
© 2021 Hellenic Society of Cardiology. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Information about the consensus document

The expert consensus document on stress echocardiography from
the Working Group of Echocardiography of the Hellenic Society of
Cardiology was written as a uniform text and then submitted for
publication in two separate, but integral parts: Part I on the theo-
retical framework, preparation, performance, and analysis of stress
echocardiography and Part II on clinical applications of stress echo-
cardiography on ischemic and nonischemic heart diseases. Part I
includes the information about the scope, the methodology of
consensus document, and the status of consensus recommendations.

2. Scope of the consensus document

Stress echocardiography (SE) is a well established and valid
technique, which iswidely used for diagnosis and decisionmaking in
ischemic and nonischemic cardiac diseases. This expert consensus
statement of theWorking Group of Echocardiography of the Hellenic
Society of Cardiology summarizes the consensus of thewriting group
after a critical reviewof presentmedical literature on SE and its usage
in ischemic and nonischemic cardiac diseases. Themain objectives of
the present consensus document are the following:

1. Updated, evidence-based knowledge about SE and its
applications.

2. A comprehensive review of SE methodology, summarizing its
implementations e an issue usually not covered by the
guidelines.

3. An assessment of the diagnostic and prognostic value of SE
for clinical decisions, intended to improve patient outcomes.

4. Incorporation of the best available evidence into clinical practice
and the current standard-of-care, accompanied by practical
recommendations.

5. Help researchers identify gaps in the evidence and shed light on
what key research questions have yet to be answered.

This task force was set down by the Hellenic Society of Cardi-
ology and included members of the Working Group. The target
readers are cardiologists who intend to practice in SE or those who
are already involved in SE in daily practice.

3. Methodology of consensus document and status of
consensus recommendations

We structured a multilevel procedure of repeated assessment
and cross-checks to achieve the maximum degree of consensus.
2

The co-chairs of the Task Force created a list of four chapters and
related subchapters/topics, and then, they asked the members of
the writing group to perform a thorough, comprehensive literature
review till August 2020, using search terms relevant to SE in
MEDLINE, EMBASE, and other databases. At the end of almost each
subchapter/topic, a keypoints box summarized the recommenda-
tions of the whole panel of experts based on the strength of evi-
dence and the level of agreement. Writing group members were
asked to weigh the strength of evidence for or against diagnostic
and prognostic results ranking the strength of evidence based on
the type of studies; R: Randomized trials, O: Observational studies/
nonrandomized trials, M: meta-analyses/systematic reviews, E:
expert consensus in absent or controversial observational data.
Thereby, the level of evidence for consensus statement was graded
as follows:

I) Strong evidence: supported by at least one randomized trial
or meta-analysis/systematic review and the statement is
strongly recommended (“should do” or “are used”).

II) Weak evidence: supported by only observational/non-
randomized trials and the statement is recommended (“may
do” or “may be used”).

III) Expert opinion: absent or controversial observational data
and consensus between experts about the recommended
statement (“may do” or “may be used”). In the latter case,
the consensus of this Task Force was achieved after thor-
ough deliberation, which was predominantly based on their
clinical experience, and the gap of evidence was underlined.
Additional comments from this Task Force about contro-
versial issues are typed in italics within the document.
Mostly, the present writing group did not proceed to
negative recommendations, because SE is a diagnostic
technique and all the related contraindications or limita-
tions of its use had been listed in the related chapter. All
created drafts of each chapter were then exchanged be-
tween co-chairs and after amendments and homogeniza-
tion, they were incorporated in a document, which was sent
to a body of reviewers along with a list of queries with re-
gard to remaining inconsistencies. The latter body was
asked to make a quality control, assess the key points, and
reply to queries. After obtaining reviewers' feedback, the last
stepof reviewingwas thefinal approval/rejectionof all created
recommendations by all expert members, using an online
voting system organized by the co-chairs. The status of
agreement for each statement was ranked as: “Strong

http://creativecommons.org/licenses/by-nc-nd/4.0/


Keypoint: Evidence/Studies Consensus status

Operators of stress
echocardiography should be
aware of all relative and absolute
contraindications.

Expert opinion
E

Strong
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consensus”which implicates unanimous agreement between
experts; “Consensus”which is defined as nonunanimous, but
>70% agreement to reach consensus; and “No consensus”
which implicates that <70% agreement and consensus were
not reached. The evidence review procedure derived with
somemodification from the respective procedurewas applied
inexpert consensusdocumentsof theEuropeanHeartRhythm
Association1.

4. Theoretical framework of stress echocardiography

4.1. Introduction-History of stress echocardiography

Supplement.
Keypoints: Evidence/Studies Consensus status

Stress echocardiography is a safe
method, but complications may
occur.

Strong
R19e23,28e30

Strong

Exercise seems safer than a
pharmacologic stress test,
possibly because of preselection
criteria.

Weak
O27,31

Consensus
4.2. Indications

Traditionally, SE has been used for coronary artery disease (CAD)
diagnosis2,3, especially in patients with ECG abnormalities, LBBB,
pacemaker, or those unable to perform treadmill stress tests owing
to mobility restrictions4. SE is the first-line method for ischemia
detection because of its low cost, availability, and nonradiation
exposure5. Through the last decades, physicians have become more
familiar with this method and echocardiography technology has
been improved, expanding the indications of SE. This method can
be used in CAD diagnosis and prognosis, especially after acute
coronary syndrome or in myocardial viability assessment6,7.

Besides CAD, SE has also proven its value in nonischemic cardiac
diseases. Exercise stress echocardiography (ESE) may identify
increased pulmonary and LV diastolic filling pressures in patients
with suspected heart failure with preserved ejection fraction
(HFpEF)8, while dobutamine SE can quantify the LV contractile
reserve (CR), a worthy prognostic parameter in cardiomyopathies.
Moreover, one of the major applications of SE is the so-called “valve
stress echocardiography” that can help in the accurate evaluation of
native and prosthetic valve diseases, especially when there is a
mismatch between symptoms and disease severity9e13. Details are
provided in the following sections and all indications are summa-
rized in Table 1.
Keypoint: Evidence/Studies Consensus status

The indications for stress
echocardiography are not
limited in CAD, but they are
expanded to a broad spectrum
of cardiac diseases by using
different stressors and
protocols.

Strong
R,E3,4,6,11

Strong
4.3. Contraindications of stress echocardiography

SE can be performed in a wide variety of patients in a relatively
safe way. Absolute and relative contraindications highlight the
balance of benefit versus the risk of the test. The absolute and
relative contraindications for pharmaceutical stress echocardiog-
raphy (PSE) or ESE are presented in Table 24,7,14e16.

As far as vasodilation (dipyridamole or adenosine) testing is
concerned, absolute contraindications include the presence of se-
vere conduction disturbances and bronchopneumonic disease,
3

while resting systolic pressure below 100 mmHg is mentioned as
the only relative contraindication17,18.
4.4. Complications of stress echocardiography and safety issues

Despite the reported safety, rare severe complications have been
recorded during SE (Table 3) 19e25. Previous studies have failed to
establish a relationship between DSE-induced ventricular tachy-
cardia and CAD. This carries prognostic significance (reduced sur-
vival over follow-up) only when it occurs in the context of impaired
LV function26e29. Althoughhypotensive responseduringexercise has
been strongly associated with myocardial ischemia and poor prog-
nosis, hypotension during DSE cannot be considered as a specific
indicator of myocardial ischemia30. During dobutamine infusion,
many patients (12e50%)4 may experience benign adverse effects,
including nausea, flushing, headache, neck/chest pounding, pares-
thesia, urinary urgency, anddyspnea31. Atropine is relatively safe, but
owing to its anticholinergic properties, it may cause urinary reten-
tion, increased intraocular pressure, delirium, flushing, constipation,
delayed gastric emptying, nausea, dry mouth, and weakness.
4.5. Training requirements

4.5.1. Training in stress echocardiography
Several international scientific bodies and national societies

have released either recommendation documents or guidelines
with regard to the application of SE, which include details of
training requirements2,32,33.

The added skills required for scanning the heart under stress
conditions undeniably differ from usual studies at rest. Thus, a
medical professional should be involved in stress studies only after
adequate training and competence in TTE. Interestingly, the inter-
pretation of SE examinations by an incompetent operator un-
dervalues the diagnostic accuracy of the technique34. For getting
advanced level competence and independence in SE, the European
Association of Cardiovascular Imaging (EACVI) recommends
trainees to undergo more than 100 SE studies under the supervi-
sion of a level III (Entrustable Professional Activity level; EPA level
5) trained expert, in a high-volume laboratory, ideally with the
possibility of angiographic confirmation2,32.

The training document COCATS level 4 task force 5, written by
the members of ACC and ASE, recommends for level II competence
in SE, interpretation of a minimum of 100 SE studies supervised by
a level III trainer, and for level III competency another 100 studies



Table 1
Indications and the related parameters of stress echocardiography in ischemic and nonischemic cardiac diseases4,5,8,11.

Indications Type Parameters

Coronary artery disease
� CAD diagnosis in intermediate pretest probability (15e85%)
� Acute chest pain (no ECG abnormalities and negative

biomarkers) in intermediate risk patients
� CCTA or coronary angiography with moderate stenosis
� New angina or regular monitoring in previous PCI or CABG patients
� Risk stratification post myocardial infarction

DSE/ESE WMA assessment (two adjacent segments)
Impaired CFR (optional)

Viability assessment and need for revascularization DSE Viable/Non-viable myocardium, stunning/hibernating
myocardium, scar

Diastolic dysfunction
HFpEF [Intermediate HFA PEFF score (2-4)] ESE E/e’ � 15, TR Vmax >3.4 m/s
Valvular Heart diseases
Aortic stenosis (AS)
1. Severe asymptomatic ESE Symptoms, DMPG: > 18-20 mmHg, DLVEF
2. Symptomatic non-severe ESE <5%, PASP �60 mmHg, abnormal BP response
3. Low-flow/Low gradient DSE/ESE DMPG: > 20 mmHg AVA�1 cm2, MPG at rest and peak, DSV

Aortic regurgitation (AR)
1. Severe asymptomatic ESE Symptoms, DLVEF <5%
2. Non-severe symptomatic ESE PASP elevation, MR severity change

Mitral stenosis (MS)
1. Moderate/severe, asymptomatic ESE Symptoms, PASP elevation
2. Moderate symptomatic ESE/DSE Peak MPG >15 mmHg (ESE) or peak

MPG > 18 mmHg (DSE), PASP elevation (ESE)
Mitral regurgitation (MR)
1. Severe asymptomatic ESE Symptoms, PASP �60 mmHg,

DLVEF <4%, DGLS <2%, TAPSE <19 mm (degenerative MR)
2. Мoderate symptomatic ESE MR increase (DEROA �þ13 mm2, secondary MR)

PASP � 60 mmHg, DLVEF <4%, DGLS <2%
Cardiomyopathies
Hypertrophic cardiomyopathy (non-obstructive) ESE LVOTO > 50 mmHg, abnormal BP response
Dilated cardiomyopathy ESE/DSE Contractile reserve

BP, blood pressure; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CCTA, coronary computed tomography angiogram; DSE, dobutamine stress echo-
cardiography; EROA, effective regurgitant orifice area; ESE, exercise stress echocardiogram; GLS, global longitudinal strain; HFpEF, heart failure with preserved ejection
fraction; LVEF, left ventricular ejection fraction; LVOTO, LV outflow track obstruction; MPG, mean pressure gradient; PASP, pulmonary artery systolic pressure; PCI, percu-
taneous coronary intervention; SV, stroke volume; TR Vmax, tricuspid regurgitation maximum velocity; WMA, wall motion abnormalities; D, change.

Table 2
Absolute and relative contraindications of stress echocardiography (PSE and
ESE)4,7,14-16.

Absolute contraindications

Acute myocardial infarction (within 3 days)
Ongoing unstable angina
Uncontrolled cardiac arrhythmias
Symptomatic severe aortic stenosis (except low-gradient and/or low-flow aortic

stenosis)
Uncontrolled or acute heart failure
Acute myocarditis or pericarditis
Severe hypertension >200/110 mmHg at baseline
Hypertensive crisis
Active endocarditis
Inability to exercise (for ESE)
Acute pulmonary embolism
Hypertrophic obstructive cardiomyopathy (for DSE)
No written consent to undergo the stress testing
High-grade AV block (second or third degree)
Intraventricular (recent) thrombus
Previous hypersensitivity/allergy to pharmaceutical agent (for PSE)
Narrow e angle glaucoma (for atropine use)
Pyloric stenosis (for atropine use)
Myasthenia gravis (for atropine use)
Relative contraindications
Uncorrected medical conditions, such as significant anemia, important

electrolyte imbalance, and hyperthyroidism
Recent stroke or transient ischemic attack
Recurrent or persistent supraventricular arrhythmias
Obstructive uropathy (for PSE using atropine)
Abdominal aortic aneurysm (for ESE)
Thoracic aortic aneurysm
Intracranial aneurysms
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interpreted under supervision. Those studies are required to
include not only ischemia assessment, but other indications such as
diastolic function, valvular diseases, and viability assessment. For
maintenance of competency, it is recommended that operators
should interpret at least 100 SE studies annually and participate in
continuing medical education.

To achieve an all-around diagnostic approach that enables to
address single patient requirements, it is important to gain expe-
rience with all types of stressors (pharmacological and exercise).
However, as difficulty varies according to patients’ characteristics,
type of SE, and selected protocol, it is recommended to begin with
Table 3
List of potential major (life-threatening) and minor complications of stress
echocardiography19e25.

Complications ESE (%) DSE (%)

Acute myocardial infarction 0.01 0.02
Sustained Ventricular Tachycardia (sVT) 0.05 0.15
Ventricular Fibrillation (VF) <0.01 0.04
Cardiac rupture - 0.01
Stroke 0.01 0.01
Syncope 0.01 -
Complete atrio-ventricular block 0.02 -
Death (VF and cardiac rupture) 0.01 0.01
Conduction abnormalities other than

complete A-V block
0.04 0.23

Non-sustained ventricular tachycardia 0.25 1-3
Atrial fibrillation/flutter 0.05 0.9
Paroxysmal supraventricular tachycardia (SVT) 0.14 1.3
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easier and safer studies, and then progress to the more technically
challenging and advanced jeopardy.

4.5.2. Training in contrast echocardiography
Training in contrast echocardiography should include training in

composition and safety of microbubble agents, imaging methods,
indications and contraindications, and specific scenarios in which
contrast is of added value. In the 2017 EACVI recommendations, the
following requirements for operators using contrast echocardiog-
raphy in TTE are provided35: (1) participation in courses of contrast
echocardiography, (2) basic life support training, (3) supervised
performance and interpretation of at least 25 contrast echo studies,
and (4) maintenance of competency by performing at least 50
contrast echo studies annually.

4.5.3. Certification
SE certification is a process that examines the competency and

safety of echocardiographers undertaking this modality. There are
only a few certification schemes that may admit criteria of objec-
tiveness in the examination process36,37. Themost known scheme is
that of the British Society of Echocardiography4. In the context of
the semester training in advanced echocardiographic techniques,
the Working Group of Echocardiography of the Hellenic Society of
Cardiology recommends trainees to perform more than 100 SE
studies (predominantly for the evaluation of ischemia and to a
lesser extent for other indications), using various SE modalities,
under the supervision of certified experts in high-volume labora-
tories accredited by local authorities.

4.5.4. Echocardiography laboratory accreditation
Several international periodical updates for the standards and

processes for the accreditation of echocardiographic laboratories
exist38. Staff requirements and all other standards of the SE labo-
ratory infrastructure are presented in the publications released by
relevant scientific bodies.
Keypoints: Evidence/Studies Consensus status

Competency in performing and
interpreting the SE exam requires
proficiency in transthoracic
echocardiography and training under
supervision for at least 100 SE
studies.

Expert opinion
E

Consensus

Maintenance in competency requires at
least interpretation in 100 SE exams
annually.

Expert opinion
E

Consensus
5. Test preparation, performance, and interpretation

5.1. Staff and lab requirements

SE should always be performed by a team of minimum two
individuals: 1) a SE-certified cardiologist who performs and ana-
lyses the echocardiographic study, and 2) a trained technician or
nurse, responsible for drug administration, haemodynamic/elec-
trocardiographic monitoring and documentation. At least one in-
dividual should have a valid certification to provide Advanced Life
Support.

Requirements regarding equipment, drugs, and exam room
depend on the type of stressor, pharmacology, or exercise. In any
circumstance, the set-up must allow the accommodation of a crash
team in case of a cardiac arrest scenario. A fully equipped, easily
accessible resuscitation trolley and defibrillator must remain on
5

site. Echocardiography machines with SE analysis software, digital
acquisition, and storing capabilities are necessary. In case of phar-
macological stress, an infusion pump is required, while medically
certified treadmills or semisupine/upright bicycles should be used
in ESE. A 12-lead continuous ECG monitoring is desirable.

5.2. Drugs

The most common drugs used in SE, along with their recom-
mended doses and the potential side effects are presented in Table
4.

5.3. Patient preparation and informed consent

A patient information leaflet with details about preparation
(medication stopping, diet instructions, clothing) may be offered at
the time of appointment booking. The patient should fast for 4 h
before the ESE. They may also abstain from caffeine products or
smoking for the same period before DSE or vasodilating stressors.
In case of ischaemia investigation, antianginal medication (i.e., b-
blockers, calcium channel blockers, nitrates) may/should be with-
held for 4e5 half-times (practically average 48 h) if well tolerated
and according to the clinical query, as they have been associated
with a lower sensitivity of SE39.

A written informed consent about the test, including the
rational, technique details, potential findings and complications,
should be signed by the patient or next of kin as SE is not a risk-free
procedure. Following the consent form signing, the patient is can-
nulated, unless it is deemed unnecessary (e.g., ESE without the use
of i.v. agents).

5.4. Comparative evaluation of exam protocols

5.4.1. Exam protocols in ischemic heart disease
There are two main techniques for the evaluation of myocar-

dial ischemia: PSE (frequently using dobutamine) or ESE with
either semisupine bicycle or treadmill. In general, ESE is the
preferable technique in patients who exercise as it follows the
natural stress response. ESE provides functional prognostic in-
formation, hemodynamic assessment, and presents a better and
more predictable safety profile than PSE. Moreover, treadmill
exercise induces a greater magnitude of ischemia than
dobutamine-atropine infusion owing to the higher rate-product
achieved by exercise.40

However, hyperkinesia, as a normal response to stress, is more
prominent and concrete in DSE rather than ESE. DSE may exag-
gerate even small differences in myocardial thickening between
segments, because the contractility response to dobutamine is
greater because of b1 adrenoceptors stimulation, while high
dobutamine dose slightly reduces afterload through b2 adreno-
ceptors stimulation. Moreover, a normal increase of afterload is
observed during ESE and hyperkinesia is less marked at advanced
stages. This Task Force has not drawn a firm conclusion for the
comparative efficacy of PSE versus ESE in ischemia detection.

In case of unavailable exercise facilities and limited exercise
tolerance (unfit, elderly patients, mobility restrictions), PSE is the
preferred modality over ESE. Finally, the echocardiographic
assessment of global and regional myocardial viability is relatively
easier during PSE.

5.4.2. Exam protocols in non-ischemic heart diseases
In most cases, semisupine bicycle ESE is appropriate for the

continuous evaluation along with workload increment of diastolic
function, valvular disease severity, and cardiomyopathies. In addi-
tion, PSE application, in the context of nonischemic heart diseases,



Table 4
Drugs intravenously used in stress echocardiography, recommended doses, and potential side effects.

Drug Dose Side-effects

Dobutamine Pump infusion of 5-40 mcg/kg/min as per protocol Nausea, tremor, palpitations, headache, hypotension, hypertension,
chest pain, arrhythmia, myocardial infarction

Atropine Bolus doses of 0.25 mg up to maximum 2 mg Tachycardia, palpitations, dry mouth, constipation, mydriasis, nausea,
agitation, urinary retention, increased intraocular pressure

Adenosine Pump infusion of 140 mcg/kg/min over 6 min Flushing, chest pain, burning sensation, shortness of breath,
metallic taste, dizziness, nausea, headache, bradyarrhythmia

Dipyridamole Pump infusion of 0.56 mg/kg over 4 min,
followed after 2 min by 0.28 mg/kg over 2 min

Dizziness, flushing, headache, stomach ache arrhythmia,
chest pain, bronchospasm, hypotension

Metoprolol Bolus doses of 1 mg up to maximum 5 mg Bradyarrhythmia, hypotension, dizziness
Esmolol hydrochloride Infusion of 0.5 mg/kg during 1-minute period Bradyarrhythmia, hypotension, headache
Aminophylline Bolus dose of 240 mg Chest discomfort, dizziness, arrhythmia, headache
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is limited in low-flow, low-gradient aortic stenosis (LF/LG AS) with
reduced ejection fraction, mitral stenosis (when ESE is nonfeasible),
and DCM (for CR assessment) (Table 1).

In comparison to PSE, ESE appears to be the most convenient
stress modality to assess the functional capacity of participants
and hemodynamic changes during stress. Till now, there is no
universal consensus on the suggested ESE protocol. Societies of
cardiac imaging have generally proposed a stepped protocol on a
semisupine bicycle starting at 25 Watts, at ~60 repetitions per
minute (rpm), increasing by 25 Watts every 2 min and termi-
nating at 85% of age-predicted maximal heart rate (220dage) or
owing to symptoms1. The desired duration of a bicycle ESE should
range between 6 and 10 min. The workload increments may be
adapted to the participant's exercise capacity to achieve a gradual
increase in heart rate. ESE may be inconclusive when it is stopped
prematurely because of the inability to maintain the right rpm or
when it lasts longer and the participant stops owing to leg fatigue
before heart rate target achievement. Elderly or patients with a
low level of exercise capacity may follow individualized light
protocols with lower initial workload (e.g., 10 or 20 Watts) and
smaller workload increments (e.g., by 10 Watts)4,41,42. Blood
pressure monitoring and continuous electrocardiogram recording
(preferably 12-leads) is required.

Althoughmany published studies have used treadmill exercise
stress test for valvular diseases assessment, bicycle ESE is the
preferred method. In the latter case, the operator can continu-
ously assess the haemodynamic behaviour (change of regurgita-
tion or stenosis severity) of the valves and PASP elevation at
baseline, low workload, peak exercise, and recovery. In treadmill
tests, mostly using classical Bruce protocol, that information is
available only at baseline and right after exercise cessation, dur-
ing early recovery43. Thereby, the operator has a very short time
to obtain echocardiographic views, before the hemodynamic
changes disappear (within 30 s). Hence, the patient may remain
standing on the treadmill or may immediately lay down on a bed
next to the treadmill machine for postexercise echocardiography.
The present Task Force has not concluded to a specific exam protocol,
which should depend on the study indications, the patient's capa-
bility to exercise, and the preferred technique. The main protocols
are presented in Fig. 1.

5.5. Images acquisition, analysis, and interpretation

5.5.1. Images acquisition and analysis in ischemic heart disease
Before SE, a full echocardiographic study is necessary when no

recent one is available. The following standard group of images
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should be obtained at baseline, during stress, and at recovery stages
of SE, according to the test protocol:

1. Parasternal long axis view.
2. Parasternal short axis view at the level of the papillary muscles.
3. Parasternal short axis view at the level of LV apex.
4. Apical four chamber view.
5. Apical two chamber view.
6. Apical three chamber view (additional value regarding the

evaluation of LV apex).

The sequence of views acquisition depends on personal expe-
rience, routine practice, and contrast use. Subcostal views might be
useful as an alternative in the case of suboptimal standard views. A
preset machine protocol for either PSE or ESE is preferable to
ensure all images acquisition and to reduce the duration of the
study. The acquisition of comparable echocardiographic views at
each stage of the study is the most challenging issue of the tech-
nique and needs expertise, precision, and quickness. The addition
of intermediate stages improves sensitivity and functional assess-
ment of CAD44. Technically, some operators suggest the acquisition
of more than one cardiac cycle per view, especially in atrial fibril-
lation, and a second row of views at peak stress to ensure optimal
imaging.

Continuous single-lead or preferably 12-leads ECG should be
recorded during the procedure. Heart rate (HR) and blood pressure
(BP) should be obtained at each stage of the study; especially when
symptoms of thoracic pain, dyspnea, or dizziness appear. When b-
blockers are used during the recovery stage, the operator should
focus on regional rather than global changes in myocardial
function45.

Based on clinical experience, the members of this Task Force
encourage the performance of image analysis always after stress test
completion, using an appropriate SE software for comparative evalu-
ation of views between stages. The clinical interpretation of global and
regional myocardial function is mainly performed, so far by the visual
assessment of myocardial wall thickening and inward motion of the
endocardium (Table 5).

The following points should be considered for images inter-
pretation of a SE:

A) This Task Force encourages operators to use the term
“myocardial thickening abnormalities” instead of “wall mo-
tion abnormalities e WMA” as a more accurate index of
ischemia. WMA could be pseudo-negative in cases of
ischemic segments tethering to the normal proximal ones or



Figure 1. Stress echocardiography protocols. A) Dobutamine Stress Echocardiography - Evaluation of ischemia. Blue dotted line: Optional - mainly used, if needed, in the following
(arrows) stages. Light blue dotted line: Optional e could be used in the following (arrows) stages. HR, Heart Rate. B) Exercise Stress Echocardiography/Semi supine bicycle - Evaluation
of ischemia. Blue dotted line: Optional - mainly used, if needed, in the following (arrows) stages. Green dotted line: The time during which the group of images should be acquired.
HR, Heart Rate. C) Exercise Stress Echocardiography/Treadmill - Evaluation of ischemia. Blue dotted line: Optional - mainly used, if needed, in the following (arrows) stages. Green
dotted line: The time during which the group of images should be acquired. HR, Heart Rate. D) Vasodilator Stress Echo - Evaluation of ischemia. Blue dotted line: Optional - mainly
used, if needed, in the following (arrows) stages. Green dotted line: The time during which the group of images should be acquired. HR, Heart Rate. E) Dobutamine Stress Echo -
Evaluation of Viability ± Ischemia. Blue dotted line: Optional - mainly used, if needed, in the following (arrows) stages. Green dotted line: The time during which the group of images
should be acquired. HR, Heart Rate. F) Exercise Stress Echo/Semi supine bicycle - Evaluation of Valve disease ± ischemia. Blue dotted line: Optional - mainly used, if needed, in the
following (arrows) stages. Green dotted line: The time during which the group of images should be acquired. HR, Heart Rate or symptoms or positive (ECG-ECHO) for Ischemia.
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pseudo-positive in basal inferior and septal segments owing
to their tethering to aortomitral fibrous continuity.

B) The delayed onset of contraction in the early phase of systole
(tardokinesis) and the postsystolic contraction may repre-
sent potential indexes of myocardial ischemia.

C) LV dilatation and reduction of left ventricular ejection frac-
tion (LVEF) during SE indicates extensive ischemia.

D) Wall motion/thickening assessment is based on a 16- or 17-
(LV apex included) segment model. Each segment is scored,
according to the following criteria:

1 Normal wall motion (myocardial thickening >50%).
7

2 Hypokinesia (myocardial thickening 10e50%).
3 Akinesia e severe hypokinesia (myocardial thickening

<10%).
4 Dyskinesia (paradoxical systolic motione systolic outward

stretching).

E) Wall Motion Score Index (WMSI) is calculated by dividing the

sum of all segmental scores by the total number of myocar-
dial segments (16 or 17). In normal, nonischemic myocar-
dium, WMSI equals 1.



Figure 1. (continued).

Table 5
Interpretation of segmental myocardial thickening response during stress echocar-
diography applied for myocardial ischemia detection.

Rest Stress Interpretation

Normal Hyperdynamic Normal
(Without significant CAD)

Hypokinetic/akinetic Myocardial Ischemia
Hypokinetic Improved Contractility/

Normal or less hypokinetic
Viable myocardium
(Non-transmural infarction,
stunned myocardium)

Improved contractility
at early stages and then
worsening

Biphasic Response:
Viabilityþ Myocardial
ischemia

Akinetic Akinetic/Dyskinetic Scar
(Transmural Infarction)
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5.5.2. Images acquisition and analysis in nonischemic heart
diseases

The protocol selection and the type of image views in non-
ischemic heart diseases should be based on individuals' charac-
teristics, the clinical query, and the operator's experience. Despite
the variety of nonischemic heart diseases, preset machine protocols
of SE for each type is preferable to ensure protocol completion and
reduced study duration. The great advantage of ESE over PSE is the
estimation of exercise capacity and hemodynamic changes during a
test, which should be always reported based on the following:
achieved workload, duration of the test, maximum heart rate, and
heart rate changes during or after the test (e.g., a steep rise at early
stages or slow drop at recovery). All these parameters should be
reported at the end.

Echocardiography during ESE includes the recording of the 2D
parasternal and apical LV views for the assessment of WMA, and
additionally, the evaluation of some or all of the following param-
eters, depending on the clinical query: color doppler in aortic,
mitral, and tricuspid valve, trans-aortic valve velocity, LV outflow
velocity, mitral valve (MV) inflow pattern, mitral and tricuspid
annulus tissue Doppler velocities, andmaximumvalues of tricuspid
8

regurgitation velocity (TR Vmax). The aforementioned views and
parameters are acquired at baseline and each stage up to recovery
during cycling, while only at baseline and at early recovery stage of
ESE on treadmill: within 1e2 min after exercise cessation for MV
parameters and within 30 s for TR Vmax and other echocardio-
graphic parameters.



Figure 1. (continued).
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For diastolic dysfunction diagnosis and heart failure with pre-
served ejection fraction (HFpEF), the most widely-used echocar-
diographic parameters are the following: E/e’ ratio and TR Vmax,
during diastolic stress test echocardiography (DSTE) combined
with baseline e’ wave.

Nowadays, the assessment of right ventricular function at rest
and peak exercise (TR Vmax, tricuspid annular plane systolic
excursion - TAPSE, S’ wave in Tissue Doppler imaging) has gained
increasing interest. It may assist to identify patients with exertional
dyspnea, exercise-induced pulmonary hypertension (EIPH), or RV
dysfunction, despite normal pulmonary artery systolic pressure
(PASP) at rest46.

Although ESE is a more natural way for a stress test, with
many advantages over the PSE, it is technically demanding with
several technical and functional factors limiting its utility. From
the technical point of view, the operators should be trained on
this modality as a separate part of SE training, as they have to get
used to suboptimal images in semisupine position, hyperventi-
lation, sweating, and patient's motion during ESE. Participants
9

should be familiarized with bicycle or exercise on a treadmill,
and hence, a brief pretest exercise on bicycle or treadmill may be
sometimes necessary. In parallel, severe calcification of MV
annulus, no or insufficient TR jet, poor exercise capacity owing to
mobility restrictions, and inability to measure one or more of the
required parameters at maximal exercise, limit the reliability of
ESE.

5.6. Criteria for protocol completion

Both PSE and ESE aim to increase the HR above 85% of the
maximal, age-predicted heart rate (220 - age)4. If the achieved HR is
lower than that target, the diagnostic sensitivity for ischemia falls
and caution should be taken when interpreting a normal sub-
maximal test47. Slight ST depression during DSE may confound the
final report when there are not simultaneous echocardiographic
findings of ischemia. However, ST elevation or significant ST
depression in �2 contiguous leads should be always reported and
considered as an index of ischemia and reason for premature



Table 6
Endpoints of stress echocardiogram33,48.

Absolute

Achievement of target HR (85% of maximal, age-predicted HR)
Completion of protocol (maximal drug dose) or limiting symptoms (chest pain,

fatigue)
Obvious echocardiographic findings of extensive myocardial ischemia
Marked ischemic ECG changes: symptomatic ST elevation > 1 mm (other than

aVR or V1) in 12-lead ECG recording
Symptomatic drop in SBP > 10 mmHg from baseline (only in ESE)
Sustained ventricular tachycardia
Central nervous system symptoms (ataxia, pre-syncope)
Relative
New or worsening wall motion abnormalities
LV dilatation and/or new onset of global LV dysfunction
ST depression > 2 mm
New arrhythmia (atrial fibrillation, supraventricular tachycardia, non-sustained

ventricular tachycardia
SBP � 220 mmHg or DBP > 110 mmHg
Drop in SBP > 20 mmHg from previous level measurement
Drop in HR > 20% from starting heart rate

HR, heart rate; ECG, electrocardiography; SBP, systolic blood pressure.
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termination of SE, independent of symptoms or WMA develop-
ment. During DSE, acute chest pain accompanied with ST depres-
sion, but without WMA may indicate microvascular CAD. Medical
complications and other reasons for early termination of the test
(endpoints) are listed in Table 6.

5.7. Reporting

A stress echocardiogram report should include.

1. Clinical information and an indication of the study.
2.Protocol information (stressors used, doses, maximal achieved
HR and BP, maximal achieved workload, duration of exercise).
3.ECG and clinical findings during the rest and stress study
(arrhythmias, ischemic ECG changes, symptoms, complications).
4.Reason for the termination of a test (protocol completion,
symptoms, echocardiographic findings, complications).

5. Echocardiographic findings at baseline and during stress test
depending on the indication and type of exam (left ventricular
systolic function and wall motion evaluation, flow velocities and
gradients).

5.8. Image enhancement with contrast agents

Approximately 33% of the patients referred for SE have subop-
timal image quality despite the use of harmonic imaging modal-
ities, commonly owing to overweight and/or the presence of
pulmonary disease. The use of contrast agents improves the visu-
alization and detection of regional WMA, enhances reader confi-
dence of study interpretation, and improves sensitivity and
accuracy for the detection of CAD29,35. Although the recommended
indication for the use of contrast agents (Table 7) is the suboptimal
visualization of the endocardial border of two or more adjacent LV
Table 7
Commercially available contrast echo agents at present.

Gas core Shell Trade name

Octafluoropropane albumin Optison VR (GE
Sulfur hexafluoride lipid SonoVue (Brac
Octafluoropropane lipid DefinityVR (La
Perfluorobutane lipid Sonazoid (GE H
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segments, inmany echo labs worldwide, contrast agents are used in
the majority of SE procedures. Despite initial concerns, the
administration of contrast agents is safe even in the case of acute
coronary syndromes, or when contrast stress echocardiography
(CSE) is performed on children or young adults49.

Presently, the role of CSE primarily refers to the diagnosis and
prognosis of chronic CAD in adults (Fig. 2). CSE also improves the
diagnostic accuracy in special conditions such as the presence of
LBBB, right ventricular apex pacing, or left ventricular hypertrophy,
which impair the sensitivity and specificity of the SE. Finally, in
acute chest pain, it has been demonstrated that CSE is an accurate
bedside modality to reclassify the patients in the acute chest pain
unit e on top of clinical, laboratory, and ECG data50. In the future,
CSE may add more information on the pathophysiology of cardiac
function, rheological data at rest, and during exercise or pharma-
cological stress protocols51,52.

Alternatively, abrupt destruction of contrast microbubbles after
applying a high mechanical index impulse and a regional, slow
contrast replenishment may uncover coronary microcirculation
abnormalities during a steady infusion rate of contrast agent. The
so-called myocardial perfusion test provides incremental prog-
nostic information over clinical variables when it is performed53.
Despite those promising results, its clinical use is still limited in
clinical practice, probably because of technical obstacles (e.g.,
required software and contrast agent pump infusion).
5.9. Assessment of coronary flow reserve

Coronary flow reserve (CFR) is evaluated noninvasively with
Doppler echocardiography and is feasible in left anterior
descending artery (LAD) in >90% of the patients, whereas in
posterior descending artery (PDA) and circumflex artery (Cx) in
approximately 50% of the patients54e58. The use of contrast agents
(e.g., 0.1e05 ml, bolus IV) further improves the feasibility of the
method.

The flow in the distal segment of the LAD is detected by color
Doppler (Nyquist limit between 10e20 cm/s) from the apical 2
chambers view with a slight angulation of the probe and flow ve-
locity (maximum and average diastolic velocity) is measured by
Pulse Wave Doppler. In LAD, maximum diastolic velocity varies
between 15e35 cm/s, while the maximum systolic velocity is be-
tween 15e20 cm/s at rest50,52,53. Reverse diastolic flow at rest that
reflects retrograde filling of the artery by collaterals is a very spe-
cific marker of coronary occlusion51. To calculate the coronary ve-
locity reserve, maximum diastolic velocity in the coronary artery is
recorded at rest and after the administration of either adenosine (2
mg bolus or 140 mcg/kg/min continuous infusion over 2e3 min),
regadenoson (a single slow bolus), dipyridamole (0.84mg/kg over 6
min) or dobutamine (usually at 30 mcg/kg/min)59. For dobutamine,
it is proposed to achieve a 50 bpm increase of HR frombaseline or at
least 75% of the maximum predicted HR to consider it sufficient in
the test for CFR analysis60. The measurement should be made in at
least 3 cycles and the values should be averaged. The ratio of
maximum diastolic velocity during hyperemia to the maximum
diastolic velocity at baseline indicates the CFR (Fig. 3). Alternative to
Bubble size (mm)

Healthcare, Princeton, NJ, USA) 1-10
co Imaging S.p.A, Milan, Italy) 1-10
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ealthcare, Princeton, NJ, USA) 2-3



Figure 2. A 65-year-old man with proximal severe LAD stenosis revealed an early extended myocardial ischemic response at the apex and the anterolateral wall (arrows). Four
chamber view (4CH), 2CH, 3CH, and 3D data set from the cardiac apex (A,B,C,D), respectively.
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maximum values, the operator can calculate the ratio of the means
or integrals (VTI) of diastolic velocities55.

CFR <2 indicates hemodynamically significant coronary stenosis
(>70%) or microcirculatory impairment (caused by atherosclerosis,
hypertension, diabetes mellitus, cardiac syndrome X, dilated or
hypertrophic cardiomyopathy, and aortic stenosis) or a combina-
tion of both (Fig. 4). In case of reduced CFR, only coronary angiog-
raphy without significant coronary artery stenosis may distinguish
the impairment in coronary microcirculation.

CFR can be used in combination with SE to get additional in-
Keypoints: Evidence/Studies Consensus status

Coronary flow reserve (CFR)
provides a well-validated index
incorporating both epicardial and
microcirculatory contributions.

Strong
R58 O59,62

Consensus

CFR may enhance the sensitivity of
stress echocardiography.

Weak
O61,62

Consensus

CFR is mostly obtainable in the left
anterior descending artery, while
its applicability is very limited in
right and left circumflex arteries.

Weak
O54,57

Strong consensus
formation, just before the test, when adenosine is used, or during
the test when dobutamine is preferred. There is extensive evidence
on the role of CFR in CAD diagnosis and its additive predictive value
in DSE61,62.
5.10. Additive value of 3D-echo in stress echocardiography

Acquiring all necessary images at each stage of SE, mainly at
peak stress, is a demanding and time-consuming procedure63.
Recent advances in transthoracic matrix transducers have led to a
fair improvement of 3D image quality64e66 allowing a fast and
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simultaneous acquisition of all LV segments by rotating and slicing
the volumetric dataset67.

Achieving high frame rates is of utmost importance in SE for
thorough WMA detection. According to the American Society of
Echocardiography, �20 frames/sec (fps) at rest is required for
interpretable and valid images and this frame rate must increase to
>30 fps when heart rate exceeds 140 beats/minute68. Until recently,
high frame rates could be feasible only with multibeat acquisitions,
patients’ breath-holding, and without arrhythmias. Novel advances
in probes and software technology allow single-beat 3D images of
the whole LV with more than 30 volumes/sec (volps), albeit with
limited spatial resolution67.

The advantage of 3D-multislice imaging is the visualization of all
17 LV segments in a single view, reduced procedure duration, and
the avoidance of apical foreshortening66. To improve both spatial
and temporal resolution at peak stress, the operator can reduce the
image frame rate (higher spatial resolution) and simultaneously
record multi beat acquisitions (up to 6 beats) of consecutive
electrocardiographically-gated, narrowed subvolumes in the data-
set (higher temporal resolution). Due to the lack of an established
imaging protocol of 3D echocardiography during SE for ischemia
detection, the present Task Force has proposed a step-by-step
approach combining 2D and 3D images acquisition (Table 8).
5.11. 2D Strain-Speckle tracking Imaging

Speckle tracking echocardiography (STE) has been developed for
the assessment of myocardial deformation. The motion of speckles
in a certain region of interest is traced frame by frame throughout
the cardiac cycle. Lack of angle dependency, high feasibility, and
reproducibility are the main advantages of STE. However, relatively
low frame rates (50e90 frames/sec) and inter-vendor variability are
the main limitations that may compromise the accuracy of strain
measurements during SE33,69.



Figure 4. Patient with impaired coronary reserve. CFR ¼ 0.39:0.25 m/s ¼ 1.56.

Figure 3. Patient with normal coronary reserve. CFR ¼ 0.86:0.18 m/s ¼ 4.7.

N.P.E. Kadoglou, C.H. Papadopoulos, K.G. Papadopoulos et al. Hellenic Journal of Cardiology xxx (xxxx) xxx
The ischemic myocardial segments present reduced or lack of
systolic longitudinal and circumferential shortening and radial
thickening. Since longitudinal subendocardial fibers are affected
earlier in the case of myocardial ischemia, a significant reduction
in regional and global longitudinal strain from rest to stress has
been demonstrated consistent with ischemia33, even if there is
not yet a definite cut-off value. Quantification of GLS at rest and
during stress can be displayed in polar maps (bull's eye plots)
side by side for direct comparison of strain values (Fig. 5). The
main limitations are the GLS reduction during SE, even in normal
subjects, owing to changes in loading conditions (reduction of LV
preload, increase in systolic pressure) and the inadequate frame
rate in the setting of tachycardia70,71. Furthermore, the concur-
rent use of STE and contrast agents is not possible, so far limiting
Table 8
The step-by-step approach of a combined 2D and 3D stress echocardiography pro-
tocol for ischemia detection.

� Standard 2D views (PLAX, PSAX, 4CH, 2CH, 3CH) followed by real-time 3D
views of the LV at each stage (baseline, low-dose, mid-dose, peak-dose, and
recovery).

� Multislice technique to obtain the three apical views (4CH, 2CH, 3CH) and
short axis views from the apex to LV base.

� Optimization of 3D images: 1) Reduce depth and volume width, focusing only
at LV for higher frame rates. 2) Acquisition of 4e6 multibeat, consecutive,
electrocardiographically-gated, subvolumes to increase the temporal resolu-
tion (>30 fps) during patient's breath-holding. 3) In patients with arrhythmias
(e.g., atrial fibrillation), the frame rate can be increased and a single-beat data
set can be acquired to avoid stitching artifacts. 4) Prefer contrast agents to
increase sensitivity. 5) Use dynamic range at the basal and apical limits of the
sector to avoid the interference of the mitral valve and LV outflow track.

� Comparison of 2D and 3D multislice images both at rest and peak stress.
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its application in patients with optimal acoustic windows. Post
systolic shortening after aortic valve closure is a promising index
of myocardial ischemia, but it remains to be proved in SE72.
Hence, it is still uncertain whether STE might have a comple-
mentary role in ischemia or myocardial viability diagnosis33.
Perhaps, an increase in myocardial strain values during low-dose
DSE may provide stronger evidence for myocardial viability72.

In dilated cardiomyopathy (DCM) with advanced systolic
dysfunction, the assessment of CR with SE may stratify cardiovas-
cular risk, response to therapy, and functional recovery13,73. GLS
changes during SE have added prognostic value to resting GLS and
left ventricular ejection fraction (LVEF)74. In hypertrophic cardio-
myopathy (HCM), impaired CR as expressed by a blunted increase
in GLS during ESE may differentiate HCM from other causes of
cardiac hypertrophy, such as hypertensive cardiomyopathy or
athlete's heart75. There are also potential applications of STE in
valvular diseases for decision-making76,77.

Quantification of right ventricular (RV) longitudinal deforma-
tion either as global RV strain or strain of RV-free wall is also
feasible. This provides additional information about RV function
and pulmonary hypertension prognosis over conventional echo
markers33. Nevertheless, the application of STE in RV pathology is
still very limited.
6. Stress echocardiography in ischemic heart disease

6.1. Pathophysiology of ischemia

Supplement.



Figure 5. Speckle Tracking Imaging e Longitudinal strain. (A) Ischemic cardiomyopathy in a patient with a history of an extensive inferior-posterior-lateral myocardial infarction (B)
No viability is detected during low-dose dobutamine SE.

Keypoints: Evidence/Studies Consensus status

Detection strategies for INOCA are
still scarce. The Task Force did not
end up to a consensus about the
contribution of SE to INOCA
diagnosis.

Expert opinion
E

No Consensus

The clinical importance of regional
wall motion abnormalities during
SE in patients with nonsignificant
coronary artery stenosis requires
further investigation.

Expert opinion
E

Strong consensus
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6.2. Stress echocardiography and nonobstructive coronary arteries

6.2.1. Ischemia with nonobstructive coronary arteries
Over the last decade, an increasing number of patients are

observed with evidence of myocardial ischemia with non-
obstructive coronary arteries (INOCA). Although there is a debate
in the definition of obstructive CAD between guidelines and
other published studies78,79, it is accepted that only lesions more
than 50% can produce ischemia. INOCA may be attributed to
either the over-sensitivity of present diagnosing methods (i.e.,
high-sensitive troponin) or a wide variety of pathophysiologic
mechanisms. The term INOCA is respectively used as an umbrella
definition of these syndromes representing a heterogeneous
working diagnosis that requires further elucidation of potential
underlying causes80,81, as follows: atherosclerosis, plaque
rupture, coronary dissection, Takotsubo-like syndrome,
myocarditis, and thrombophilia disorders82. Moreover, in a
sizable subgroup of patients, coronary microvascular dysfunction
has been proposed as the leading pathophysiology83. In micro-
vascular disorder, CFR may elucidate the causes of symptoms. In
a large observational study in women with persistent angina,
26% showed CFR<2.0 and this was associated with significantly
greater physical limitation and disease perception scores on
relevant questionnaires84. Beyond CFR, the ability of SE to
identify microvascular disease remains limited. Other common
reasons for INOCA syndrome are coronary vasospasm85 and
underestimation of significant lesions which now can be iden-
tified by advanced interventional methods (fractional flow
reserve - FFR and optical coherence tomography - OCT).
6.2.2. Management of “false results” in stress echocardiography
With regard to the increasing number of SE performed world-

wide, “false-positive” SE may have a less benign prognosis than
previously considered. In a retrospective study, patients with
“false-positive” WMA had similar long-term outcomes with pa-
tients exhibiting true-positive WMA86. However, that resounding
finding requires further investigation. However, a negative SE for
ischemia does not entirely rule out the presence of angiographically
obstructive CAD. There are several common technical reasons
which lower the sensitivity of the method (“false negative”): 1)
low-quality views of the lateral and inferolateral walls when the
culprit lesion is located at the territory of Cx artery, 2) patients with
suboptimal imaging owing to body habitus, 3) submaximal level of
stress, and 4) antianginal treatment87. Finally, the diagnosis of a
single-vessel disease may become challenging in less severe
(50e70%) stenosis88, where ischemia may not be detected
depending on the anatomy of the rest of the vessels supplying the
same myocardial wall.
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6.3. Accuracy of stress echocardiography and comparison with
other imaging modalities

SE has been validated over many years with coronary angiog-
raphy. A meta-analysis of 55 studies with 3,714 patients demon-
strated high sensitivity and specificity of approximately 81% and
84%, respectively25. The sensitivity of the method is even higher at
left main or multivessel disease, and lower when the culprit lesion
is at the circumflex artery. In single-vessel diseases, the sensitivity
may be increased with b-blockers use at the end of the test as it
interacts with dobutamine b1 receptors, leaving unopposed b2 and
primarily a1-adrenergic vasoconstriction78.

Presently, in addition to SE, the most popularly available diag-
nostic tests for CAD are stress cardiac MRI (CMR), single-photon
computed tomography (SPECT), positron emission tomography
(PET), and coronary computed tomography angiogram (CCTA).
Except CCTA which provides direct visualization of the coronary
tree anatomy, all other techniques aim to functional testing. The
diagnostic accuracy of the aforementioned imaging modalities has
been derived from a pool of trials, taking into consideration the
pretest probability. Table 9 summarizes the diagnostic accuracy of
all available tests.

SPECT imaging has been used for ischemia detection over
many decades. Its major disadvantage is the radiation exposure
and the related risk for cancer development, which reduces its
repeatability. SPECT has roughly similar accuracy with DSE,
demonstrating superiority on interobserver variability as it is a
less operator-dependent method89. SE has demonstrated higher
accuracy in three-vessel disease than SPECT in which discrimi-
nation power is based on perfusion differences between
myocardial segments, and so, global ischemia might be missed.

PET is similar to SPECT, with higher accuracy but less valida-
tion90. Its cost is higher and is also less widely available because of
the expensive equipment and difficulties in obtaining adequate
radionuclides91.



Table 9
Comparison of imaging modalities for CAD diagnosis regarding their sensitivity and
specificity97.

Diagnosis of coronary artery disease

Sensitivity (%) Specificity (%)

Exercise ECG 45-50 85-90
Exercise stress Echocardiography 80-85 80-88
Exercise stress SPECT 73-92 63-87
Dobutamine stress Echocardiography 79-83 82-86
Dobutamine stress MRI 79-88 81-91
Vasodilator stress Echocardiography 72-79 92-95
Vasodilator stress SPECT 90-91 75-84
Vasodilator stress MRI 67-94 61-85
Coronary CTA 95-99 64-83
Vasodilator stress PET 81-97 74-91
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Stress CMR is the newest diagnostic test that demonstrates PET-
superiority on accuracy and shares features from both SPECT and
DSE. Dobutamine or vasodilators are the common stressors in S-
CMR. However, the use of dobutamine is quite problematic, because
of its arrhythmogenic effect and the limited space in the magnet
room which makes it unsuitable for successful emergency
response. Stress CMR is certainly less operator-dependent
compared with SE, with no radiation exposure. Implanted pace-
makers and other implantable devices on the left pectoral site or
metallic valves cause artifacts with unfavorable effects on the test's
accuracy. Despite the high potential of stress CMR, several factors
limit its wide usage worldwide, such as the expensive equipment,
safety issues, and claustrophobia.

CCTA appears to be the best modality in patients with low
pretest likelihood for CAD, no previous diagnosis of CAD, and
characteristics associated with good image quality, with the
expense of radiation exposure25e even if the latter appears to be
much lower nowadays (media effective dose 0.63e4.77mSv)92. It is
primarily an anatomical, nonfunctional technique with high spec-
ificity, which detects subclinical coronary atherosclerosis or rule
out anatomically significant CAD93. A low coronary calcium burden,
referred to as Coronary Artery Calcium Score (CAC Score), demands
very low radiation exposure and can almost rule out CAD, as a CAC
score of zero is associated with low risk of CAD and coronary events
in short-term patients with low pretest probability (e.g., asymp-
tomatic screening setting)94. Patients with extensive coronary
calcification are less benefited by CCTA as the severity of coronary
lesions cannot be accurately measured.

Recently, a combination of CCTA with functional assessment of
coronary fractional flow has emerged as a quite promising mo-
dality, but requires further investigation95. The selection of a
diagnostic technique for any given patient to rule-in or rule-out
CAD should be based on the optimal pretest probability range for
each test and the assumed reference standard96.
Keypoint: Evidence/Studies Consensus status

The selection of the appropriate
diagnostic test for ischemia relies
primarily upon the local
resources, the availability of the
test, the clinical judgment, the
individual's pretest probability,
and the patient's preference.

Strong
M25,90

Strong consensus
6.4. Ischemic cardiomyopathy-viability assessment

Myocardial viability refers to myocardial segments with pre-
served metabolic and/or contractile function after prolonged
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impaired blood supply, which may recover after the restoration of
blood flow98. Episodes of persistent myocardial ischemia may lead
to any of the following three distinct, pathological patterns:
myocardial necrosis with a scar; stunning; and hibernating
myocardium99,100. Viability refers to the latter two patterns.

6.4.1. Protocols, methods, and technical considerations
Dobutamine remains the most widely used inotropic agent, but

other agents such as dipyridamole101, adenosine, or nitroglycerin,
and exercise have been also used in viability tests. A low-dose DSE
is usually performed (incremental infusion rates of 5, 10, 20 mcg/
kg/min every 3e5 min) according to the patient's clinical and he-
modynamic status and contractile response. Higher dobutamine
infusion rates (up to 40mcg/kg/min) may be applied for myocardial
ischemia detection, after completion of the viability test (Fig. 1E).
Withdrawal of beta-blockers is not mandatory before the test, but
their presence may reduce the sensitivity of the method102. Alter-
natively, proceeding to high-dose dobutamine infusion may be
effective and safe for b-blockers-treated patients. SE with low-dose
dipyridamole infusion (0.28 mg/kg over 4 min or 0.56 mg/kg over 4
min)103 or low-dose adenosine infusion (80, 100,110mcg/kg/min at
3 min intervals)104 for the detection of myocardial viability may be
used when dobutamine is not well tolerated or contraindicated.
ESE on a supine bicycle105 with low increments of workload (10e20
W) every 1-2 min stage has also been employed, but it has not
gained broad acceptance. Myocardial perfusion imaging has been
used to assess microvascular integrity in many studies, exhibiting
good results106,107; hence, the European Association of Cardiovas-
cular Imaging (EACVI) has adopted it as a particularly useful tool for
myocardial viability detection35. LV deformation indices (strain or
strain rate) have been applied adjunctively during low-dose DSE,
showing promising results108.

6.4.2. Detection of regional myocardial viability
A viable myocardial segment is characterized by initial hypo-

kinesia or akinesia at rest and significant improvement of
myocardial thickening during inotropic stimulation, known as the
contractile reserve (CR). A regional response to SE is important in
CAD patients to address the question of revascularization in the
following cases: A) Viable, initially hypokinetic, segments are likely
to improve after revascularization as themyocardial wall consists of
scar and hibernating myocardium109. B) Viable, initially akinetic
segments, are less likely to improve after revascularization because
SE has high specificity, but lower sensitivity in predicting revas-
cularization efficacy110. C) Lack of improvement during low-dose
DSE is associated with a low likelihood of functional recovery af-
ter revascularization; however, it is not excluded.

The main determinant of viability assessment during SE is the
contractility changes of myocardial segments. Remodeled myocar-
dial segments or regions with nontransmural injury exhibit
contractility improvement during low-dose DSE protocol111. The
coexistence of ischemia is another reliable sign of viability. Thereby,
the contractility worsening of at least two adjacent segments after
initial improvement (biphasic response) has the highest positive
predictive value112, while the worsening of contractility during
low-dose DSE protocol in initially hypokineticmyocardial segments
indicates both ischemia and increased cardiac mortality113. Diag-
nostic criteria of viability during a DSE study are presented in Table
5, while a diagnostic algorithm is also proposed in Fig. 6.

6.4.3. Quantification of global myocardial viability and criteria for
intervention

Some factorsmay affect the diagnostic accuracy of low-dose DSE
to predict revascularization-induced functional recoveries such as
the number of viable segments, the protocol, the type of response



Figure 6. A proposed diagnostic algorithm of viability during a DSE study.

Keypoints: Evidence/Studies Consensus status

Beginning with low and proceeding
to high dose dobutamine infusion
protocols may be applied for
viability assessment.

Expert opinion
E

Consensus

DSE provides prognostic
parameters, which may aid the
decision-making in candidates for
coronary revascularization.
However, more data from large-
scale, studies with long-term
follow-up are required.

Weak
O114e118

Strong consensus

Further investigation may be
needed for the clinical use of
strain in the evaluation of
myocardial ischemia and
viability during SE.

Expert opinion
E

Strong consensus
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during the test, and the timing of evaluation100. As a general
approach of this Task Force, the detection of less than 3 viable
myocardial segments in low-dose DSE indicates an insufficient amount
of global cardiac viability and justifies exclusion from revasculariza-
tion. Previous studies have suggested four dysfunctional segments
as theminimum amount of viable myocardium that can induce a 5%
increase of EF and a favorable outcome114. An increase of WMS >3.5
grades during low-dose DSE has an overall accuracy of 84% for the
detection of functional recovery115. A combined low- and high-dose
DSE protocol has exhibited considerable sensitivity (75e89%) and
specificity (68e93%) for the detection of viable segments in both
the postinfarction phase116 and the chronic phase117, especially
when a biphasic response coexists118. Dipyridamole infusion pro-
tocols have lower diagnostic accuracy119, whereas low-dose aden-
osine SE has shown significant diagnostic potential99. The addition
of contrast agents may improve both sensitivity and specificity of
DSE120.

Compared to other imaging modalities (18FDG-PET, SPECT,
CMR), DSE has been documented to have the highest specificity for
the detection of viable myocardium121. Nuclear techniques have
higher negative predictive values of �95%122, while CMR tech-
niques have comparable diagnostic accuracy123.

Great skepticism was raised when viability assessment as a
decision-making tool was challenged in the underpowered HEART
study124 and during the nonrandomized subanalysis of the STICH
trial125. Although both studies had many limitations, no survival
superiority was demonstrated in the revascularization arm over the
nonrevascularization in any of them, except in patients with >10%
viable myocardium.

6.4.4. 2D Strain-speckle tracking imaging in myocardial viability
STE is theoretically useful for the evaluation of myocardial

ischemia and viability. GLS at rest echocardiography may be used
for the evaluation of the infarcted area in patients with CAD and a
cut-off value of �12% has shown a good correlation with CMR in
the identification of transmural infarction126. However, there is no
strong evidence supporting the use of STE in SE for the evaluation
of myocardial ischemia and viability. According to a recent meta-
analysis127, deformation imaging during SE has higher sensitivity,
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but similar diagnostic accuracy with visual assessment of
ischemia. The lack of definite cut-off values quantifying WMA till
now appears to be the most important limitation of the
technique.
6.5. Stress echocardiography in special conditions

6.5.1. Left bundle branch block
Stress testing can be particularly challenging in this high-risk

patient group. The prevalence of CAD among patients with left
bundle branch block (LBBB) is increased128. Exercise ECG stress test
is not an option owing to the presence of baseline ECG abnormal-
ities and myocardial perfusion scintigraphy is limited by the high
rate of false-positive results129. ESE is a feasible and safe option,
found to provide significant prognostic information; however,
specificity can be compromised in cases of globally abnormal LV
contractile reserve, often resulting in poor specificity130. DSE has
shown good diagnostic accuracy in LBBB patients with suspected
CAD131,132. Contrast agents’ infusion with a persistent focus on endo-
cardial wall thickening rather than myocardial excursion is advised by



Keypoints: Evidence/Studies Consensus status

Stress echocardiography in
combination with clinical and
resting echocardiographic
parameters may provide a
valuable tool for pre-operative
risk stratification.

Expert opinion
E

Strong consensus
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this Task Force to further improve accuracy in patients with LBBB133. In
patients with abnormal rest septal thickening, however, detection
of inducible ischemia in the LAD territory may be compromised.

6.5.2. Pacemaker-dependent patients
Pacing SE is an efficient and safe option in pacemaker-dependent

patients. External programming is applied, starting with pacing at
100 bpm with increments of 10 bpm every 3 min, until target HR is
achieved134. Sensitivity is suboptimal, especially in patientswith one-
vessel disease, as it relies only on HR increase, while contractility
increases minimally and blood pressure remains unchanged. Despite
limited published data135, this Task Force encourages the addition of an
adjusted dobutamine infusion protocol to pacing SE to increase sensi-
tivity without compromising specificity.

6.5.3. Atrial Fibrillation
ESE and DSE are both feasible and accurate in patients with

atrial fibrillation, despite the presence of specific challenges, such
as unpredictable chronotropic response, beat-to-beat variation, and
increased prevalence of arrhythmia, particularly with DSE136. Those
drawbacks may be overcome by acquiring many cardiac cycles for
Keypoints: Evidence/Studies Consensus status

DSE with contrast agents use may be
the first in-line method for
ischemia detection in patients
with LBBB.

Weak
O133

Consensus

Pacing SE is an efficient option in
pacemaker-dependent patients,
lacking the inotropic triggering
which may compromise its
sensitivity. It may be combined
with a dobutamine infusion
protocol to increase its sensitivity.

Weak
O134,135, E

Consensus

The prognostic value of SE is
maintained in patients with atrial
fibrillation.

Weak
O136

Consensus

The perioperative risk may be
adequately assessed by stress
echocardiography (preferably
exercise stress
echocardiography).

Weak
O137e145

Strong consensus
each view per stage.

6.6. Stress echocardiography for risk stratification, prognosis, and
preoperative evaluation

6.6.1. Risk stratification and prognosis
SE yields prognostic information for risk stratification of pa-

tients with known or suspected ischemic heart disease. The pres-
ence of inducible WMA classifies patients’ prognoses25. Most of the
evidence has been derived fromdata banks of thousands of patients
for exercise137e139, dobutamine140,141, and dipyridamole testing142.
Both normal baseline echocardiography and SE confer a benign
prognosis and give an annular risk of death of 0.4e0.9%137. Thus, in
this subgroup of patients, coronary angiography can safely be
avoided79. Peak WMSI can effectively risk stratifying patients into
low- (0.9%/year), intermediate- (3.1%/year), and high-risk (5.2%/
year) for cardiac events143. Risk stratification may cluster the pos-
itive or negative response with clinical parameters (diabetes, renal
dysfunction, previous revascularization, and therapy at the time of
test), resting echocardiography (global LV function), and additive SE
parameters (LV cavity dilatation, CFR)144. Peak WMSI >1.7 and
baseline EF � 45% are independent markers of patients at high risk
of an adverse clinical outcome80. Most recently, the detection of B-
lines during SE appeared with independent prognostic value in a
large, multicenter study145.
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6.6.2. Preoperative evaluation
Cardiac complications are the main cause of perioperative

mortality. Depending on the risk of the operation (low, interme-
diate, high) and the patient's clinical risk factors, the overall risk
should be stratified preferably with an ESE. The latter assesses at
the same time the functional capacity of the patient and the pres-
ence of ischemia146. When physical exercise is impossible, as in
elderly patients undergoing high-risk operations, DSE is the
method of choice for preoperative risk assessment with excellent
negative predictive value for adverse events, similar to SPECT3.
Even though the positive predictive value of SE for adverse events is
low, ischemia during DSE and a history of congestive heart failure
remain the two strongest predictors for major adverse cardiac
events36.
7. Stress echocardiography in nonischemic cardiac disease

7.1. Diastolic stress test echocardiography (DSTE)

DSTE refers to the use of exercise Doppler echocardiography to
assess diastolic function and the increase of left ventricular filling
pressure (LVFP) during exercise.

7.1.1. Assessment of diastolic dysfunction
Patients with unexplained resting breathlessness or exer-

tional dyspnea/poor exercise and concomitant risk factors for
diastolic dysfunction (older age, hypertension, obesity, diabetes,
sedentary lifestyle) should undergo diastolic function and LVFP
evaluation. DSTE was firstly proposed as a part of the diagnostic
algorithm of diastolic dysfunction in patients with indeterminate
diastolic function at rest147. Exercise changes in E/e’ and
maximum values of tricuspid regurgitation velocity (TR Vmax)
during DSTE combined with baseline e’ wave may set the diag-
nosis of diastolic dysfunction and elevated LVFP. Nevertheless,
other studies have doubted the accuracy of those criteria148,149.
E/e’ is a simple and the most popular index of diastolic
dysfunction. Patients with diastolic dysfunction, increase cardiac
output during exercise at the expense of increased LVFP. E and e’
waves are normally expected to be increased during exercise
with the ratio E/e’ to be either stable or slightly decreased.
Usually, in diastolic dysfunction, E wave significantly increases
during exercise, while e’ remains unchanged leading to a sig-
nificant E/e’ ratio increase. If there is no significant change in E/e’
ratio and the clinical suspicion of diastolic dysfunction persists,
the test is considered indeterminate and an invasive hemody-
namic test may follow.

7.1.2. Heart failure with preserved ejection fraction (HFpEF)
diagnosis

In the most recent recommendations from the Heart Failure
Association e based again on expert consensus and not on



Keypoints: Evidence/Studies Consensus status

In asymptomatic patients with
severe AR, ESE may unmask
symptoms and determine
contractile reserve.

Weak
O156,157

Consensus

In symptomatic patients with non-
severe AR, ESE may identify other
cardiac-related, other than AR,
reasons for symptoms.

Expert opinion
E

Strong Consensus

There is no role for SE to assess AR
severity.

Expert opinion
E

Consensus

N.P.E. Kadoglou, C.H. Papadopoulos, K.G. Papadopoulos et al. Hellenic Journal of Cardiology xxx (xxxx) xxx
adequately powered studies150e DSTE was indicated in patients
with suspected HFpEF when rest echocardiography and natriuretic
peptides do not draw a firm conclusion (intermediate probability -
HFA-PEFF Score: 2e4). In this case, the exercise achieved parame-
ters: average E/e’ �15 which may be accompanied or not by TR
Vmax >3.4 m/s, have been proposed as supportive indices of HFpEF,
but only after assessing resting functional and morphological
echocardiographic indices and natriuretic peptides measurements.
Positive DSTE is highly predictive of future HFpEF-related events
(admissions, cardiovascular death, worsening NYHA Class, or
worsening ejection fraction)151. Therefore, it is necessary to incor-
porate DSTE in a diagnostic algorithm for HFpEF or unexplained
dyspnea, accompanied by a complex of echocardiographic and
hemodynamic indices.

7.1.3. Other useful findings during DSTE
DSTE can also reveal alternative causes of dyspnea, beyond CAD

or valvular diseases, such as dynamic left ventricular outflow
obstruction (LVOTO) or chronotropic incompetence. Consequently,
DSTE should not only focus on diastolic function parameters, but in
parallel, evaluate all the dynamic components of LV function (WMA,
valvular diseases, etc), RV function (TR Vmax, tricuspid annular
plane systolic excursion - TAPSE, S’wave in Tissue Doppler imaging),
the chronotropic and blood pressure response, the achieved work-
load, and the exercise capacity. Those findings are associated with
unfavorable outcomes if combined with elevated LVFP152.

7.1.4. Limitations of DSTE
In addition to the technical issues compromising ESE analysis

(Part I, section 4.5.2), several functional factors limit the utility of
DSTE. Concomitant medications with negative inotropic action
should be considered, as they may affect the association of E/e’with
LVFP153. At high heart rates, MV inflow waves and annulus Tissue
Doppler velocities are fused, and hence, it is suggested that these
velocities are measured at low/intermediate levels of exercise test
(HR~100e110bpm). To overcome early fusion caused by an abrupt
heart rate increase, the latter parameters may be alternatively
assayed within the first 1e2 minutes of early recovery as diastolic
abnormalities persist after exercise cessation. In parallel, the afore-
mentioned echocardiographic indices may be affected by several
functional/clinical factors such as the following: preload, age, exer-
cise type, and LV hypertrophy154. The recommended echocardio-
graphic parameters during DSTE are presented in Table 10.
Keypoints: Evidence/Studies Consensus status

DSTE may be indicated in patients
with unexplained resting
breathlessness, or exertional
dyspnea and/or poor exercise
capacity with indeterminate
diastolic function.

Expert opinion
E

Consensus

Diastolic dysfunction may fulfil all
the following criteria in DSTE:
Peak average E/e’ > 14 or peak
septal E/e’ > 15 and TR Vmax >
2,8 m/s with rest values of septal
e’ <7 cm/s or lateral e’ < 10 cm/s.

Expert opinion
E

Consensus

The average E/e’ ratio accompanied
with or without TR Vmax > 3.4 m/
s during DSTE may be
recommended for HFpEF
diagnosis when there is an
intermediate probability, but
there is still controversy about its
clinical applicability and
relevance.

Expert opinion
E

Consensus
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7.2. Stress echocardiography in aortic regurgitation (AR)

Although aortic valve replacement (AVR) remains the corner-
stone of management in symptomatic severe AR, the decision of
AVR timing remains challenging when there is a discrepancy be-
tween symptoms and AR severity155. ESEmay be a useful diagnostic
tool when there is a discordance between symptoms and AR
severity, but it has no role in the assessment of AR severity because
tachycardia shortens diastole and AR appears to be less severe.

7.2.1. Asymptomatic patients with severe AR
ESE is strongly recommended to unmask symptoms in so-called

asymptomatic patients with severe AR. LV views should be acquired
during ESE to detect the CR, defined as >5% increase in LVEF, a good
predictor of LV systolic function during conservative follow-up or
postoperatively156,157. It has been shown that exercise TAPSE <20
mm associate with the need for earlier AVR and may be useful158.
Despite none of these parameters being included in guidelines for
routine clinical use, they could be considered to determine surgical
timing in patients otherwise not eligible for AVR159.

7.2.2. Symptomatic patients with nonsevere AR
In symptomatic patients with nonsevere AR, ESE can identify

other causes for symptoms, such as inducible ischemia, diastolic
dysfunction, dynamic mitral regurgitation (MR), or pulmonary
hypertension. The minimum acquired dataset contains LV views,
color flow Doppler for MR, and continuous wave Doppler for TR
Vmax measurement.
7.3. Stress echocardiography in aortic stenosis (AS)

Severe AS is defined by an aortic valve area (AVA) < 1.0 cm2,
which may be accompanied by trans-aortic peak velocity > 4 m/s
and/or a mean aortic valve gradient >40 mmHg. SE plays role in the
diagnostic workup of the following three categories of patients
with e AS: asymptomatic high-gradient severe AS; “classical” low-
flow, low-gradient severe AS (LF/LG AS) with reduced (LVEF); and
low-gradient severe AS with preserved LVEF10,160. The latter group
of patients can be further subdivided into preserved (normal-flow)
versus reduced (paradoxical low-flow) stroke volume, using a cut-
off value indexed (SVi) of 35 ml/m2. When a severe AS becomes
symptomatic, the rate of death is >50% at 2 years unless a valve
replacement is performed161. SE may contribute to early recogni-
tion of AS-provoked symptoms, differentiating true-severe and
pseudo-severe AS161,162 (Fig. 7).

7.3.1. Asymptomatic patients with high gradient severe AS
A symptom-limited graded exercise test is recommended, and

at least 85% of the age-predicted heart rate should be reached in the
absence of symptoms. Common bicycle ESE protocol is recom-
mended (Part I, 2.4.2). An abnormal exercise response or



Figure 7. Algorithm for the management of patients with severe aortic stenosis (AS). AVA, aortic valve area; AVAproj, projected aortic valve area; SE, stress echocardiography; DSE,
dobutamine stress echocardiography; ESE, exercise stress echocardiography; LF/LG, low-flow, low-gradient; MDCT, multislice computed tomography; .MPG, mean pressure
gradient; NF/LG, normal-flow, low-gradient; SV, stroke volume;

Table 10
Protocol of diastolic stress echocardiography.

Stage Supine bicycle Treadmill

MV inflow
velocities
(E and A waves)

Mitral annulus TDI
(e’ septal & lateral)

TR Vmax LV views
(4-, 2- and
3-CH view)

MV inflow
Velocities
(E and A waves)

Mitral annulus TDI
(e’ septal & lateral)

TR Vmax LV views
(4-, 2- and
3-CH view)

Rest √ √ √ √ √ √ √ √
Each stage √ √ √ √
Peak √ √ √ √
Early recovery

(1-2 min)
√ √ √ √ √ √

TDI, tissue doppler imaging; CH, chamber; TR Vmax, tricuspid regurgitation maximum velocity.
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echocardiographic findings of poor prognosis during ESEmay affect
the timing of interventional therapy in patients with severe
asymptomatic AS.

� Abnormal exercise response is determined when one of the
following occurs163:
- Cardiac-related symptoms (angina, dyspnea, dizziness, syn-
cope, or near syncope).
- > 2 mm ST-segment depression.
- Drop or a <20 mmHg increases in systolic BP during exercise.

� ESE indices of poor prognosis in high gradient AS164:
- Aortic valve mean gradient increases by �18ea20 mmHg;
associated with a 3.8-fold higher risk of cardiac events.

- PASP increase at >60 mmHg; associated with 2-fold higher
risk of a cardiac event at 3-year follow-up.

- Worsening in LVEF or a slight increase of LVEF <5%.
7.3.2. Classical LF/LG severe AS with reduced ejection fraction
A low-dose DSE can be used to assess LV flow reserve and

distinguish pseudo-severe AS from classical LF/LG severe AS165,166.
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The infusion dose of dobutamine starts at 5 mg/kg/min and in-
creases every 5 min by 5 mg/kg/min to a maximum dosage of 20 mg/
kg/min. The baseline heart rate should be less than 100 bpm and
should increase at least 10 bpmduring the procedure. At each stage,
the measurements of AVA, stroke volume, and trans-aortic gradient
are performed. According to the recommendations of the European
and American Association of Echocardiography, a true-severe AS is
defined by an increase in maximumvelocity over 4m/s with a valve
area <1.0 cm2 at any time during DSE (Fig. 8)11. In contrast, patients
having an increase in AVA >1.0 cm2without a significant increase in
the mean gradient will be classified as having a pseudo-severe AS.
The differentiation between true- and pseudo-severe AS remains
unclear when there is no LV flow reserve, defined as stroke volume
and/or LVEF increase <20% during DSE. Patients with flow reserve
in DSE showed lower perioperative mortality than those
without167. However, other studies from surgical and transcatheter
AVR series found no association between flow reserve on DSE and
clinical outcomes168. For those reasons, the projected AVA at a
standardized normal flow rate (Q) (i.e., 250 mL/s) has been sug-
gested as an alternative approach, especially in the absence of
contractile reserve, using the formula:



Figure 8. Low-dose dobutamine stress echocardiography in patients with LF/LG severe AS.

Keypoints: Evidence/Studies Consensus status

ESE in asymptomatic high gradient
severe ASmay unmask symptoms
and determine low exercise
capacity associated with poor
prognosis.

Weak
O163

Strong consensus

A low-dose DSE may assess LV flow
reserve and distinguish pseudo-
severe AS from classical LF/LG
true-severe AS.

Weak
O165,167

Strong consensus

SE may be indicated in an NF/LG to
determine a coexistent coronary
artery disease or a poorly
compliant aortic valve in
symptomatic patients with
moderate stenosis.

Expert opinion
E

Consensus
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Projected AVA ¼ AVArest þ (DAVA/DQ) � (250eQrest)

where AVArest and Qrest are the AVA and mean transvalvular flow
rate measured at rest, and DAVA and DQ are the changes in AVA and
Q during DSE169e171. A projected AVA <1.0 cm2 suggests true-severe
stenosis172.

If the projected AVA cannot be calculated, because there is no
DQ>20%, the multislice computed tomography (MDCT) may be
helpful to further differentiate and detect a severe AS by calculating
the grade of calcification (severe AS likely: men�2000 units,
women�1200 units of Agatston method)169.

7.3.3. Low-gradient AS with preserved ejection fraction
7.3.3.1. Paradoxical LF/LG severe AS with preserved ejection fraction.
Paradoxical LF/LG severe AS with preserved ejection fraction is
defined by an AVA <1.0 cm2, low-flow (SVi <35 ml/m2), a low-
gradient (mean value < 40 mmHg) and LVEF >50%. It has been
shown that approximately 1/3 of patients with paradoxical LF/LG
severe AS had only pseudo-severe stenosis, thus requiring a
different therapeutic approach. Distinguishing true-severe AS from
paradoxical LF/LG pseudo-severe AS is muchmore challenging than
in classical LF/LG AS. The application of DSE is questionable, while
MDCT may be helpful to detect a severe AS in that case165.

7.3.3.2. Normal flow, low-gradient (NF/LG) severe AS with preserved
ejection fraction. NF/LG severe AS with preserved ejection fraction
is defined by an AVA <1.0 cm2, normal-flow (SVi >35 mL/m2), a low
-gradient (mean value < 40 mmHg), and LVEF >50%. This is usually
referred to symptomatic patients with moderate AS and SE aims to
determine if there is a coexistent CAD (development of WMA) or a
poorly compliant aortic valve. In the latter case, patients with
resting trans-aortic mean gradient >35 mmHg and exercise-
induced disproportional augmentation of mean gradient (>20
mmHg) should be closely monitored, owing to a higher risk of
death and AVR173.
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7.4. Stress echocardiography in mitral stenosis (MS)

SE is being increasingly used to provide diagnostic and prog-
nostic informationwhen there is a discrepancy between symptoms
and valve severity in the following cases:
7.4.1. Asymptomatic patients with moderate or severe MS
Small clinical studies have outlined the utility of exercise

testing and ESE to unmask underlying symptoms and hemody-
namic disorders in otherwise “asymptomatic” patients174. An
exaggerated rise in left atrial, pulmonary venous, and pulmonary
capillary pressures during exercise stimulates the sensation of
dyspnea in MS patients. In parallel, the increase in right ventricle
afterload limits the expected increase in RV output during ESE
and leads to fatigue (achieved heart rate <85% of age-predicted
maximum heart rate). ESE provides a more quantitative and
objective assessment of those main MS-related symptoms (dys-
pnea and fatigue) rather than a self-reported, subjective
approach. Symptoms onset has been associated with a significant
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increase in PASP levels during ESE175. PASP may be confounded by
physical activity level, age, and gender176. A rapid PASP rise at low
levels of ESE (�60W at bicycle testing), in “asymptomatic” pa-
tients with significant MS177 may adequately reclassify them as
symptomatic, overcoming the limits of pulmonary circulation
changes during exercise. Recently, one of the largest observa-
tional studies in asymptomatic patients with significant MS
demonstrated the association of higher mortality with lower age/
sex-related exercise capacity and exercise-induced PASP level at
the end of the treadmill test178.

7.4.2. Symptomatic patients with moderate MS
The exercise-induced values of both trans-mitral mean pressure

gradient and PASP have been proposed to determine intervention
need when symptoms are disproportional to MS severity in rest
echocardiography179. Last AHA guidelines have set an increase in
mean gradient to >15 mmHg during ESE, as a cut-off point of he-
modynamically significant MS (level of evidence IIbC). However,
limited data are available to support that recommendation. An
alternative to ESE is DSE with 3-min stages of incremental dose
(from 10 mcg/kg/min to 40 mcg/kg/min). DSE takes advantage from
its application in patients who are unable to undergo treadmill or
bicycle stress test180,181. A cut-off value of trans-mitralmean gradient
increase to >18mmHg during dobutamine infusionmay identify MS
patients at high risk of eventful clinical course without interven-
tion182. Notably, the latter study enrolled a cohort with large clinical
and echocardiographic variety (symptomatic and asymptomatic
patients with MS ranging from mild to severe). Small DSE studies
have suggested other indexes ofMS severity, but they require further
investigation owing to the remaining gap of evidence183.
Keypoints: Evidence/Studies Consensus status

In asymptomatic patients with at
least moderate MS, ESE may re-
classify the need for intervention
in those who develop symptoms
or appear with PASP rise (cut off
not determined) at an early stage
of the exercise test.

Weak - expert
opinion
O174,177, E

Consensus

In symptomatic patients with
moderate MS (mean gradient: 5
e9 mmHg), an increase in trans-
mitral mean gradient to > 18
mmHg (during DSE) or>15mmHg
(during ESE) may indicate earlier
intervention with clinical benefits.

Weak
O180,181

Consensus
7.5. Stress echocardiography in mitral regurgitation (MR)

Recent ESC guidelines (2017) have commented on the potential
utility of ESE when there is a mismatch between MR severity and
symptoms10. However, there is no official recommendation for ESE as
part of MR management. The latest ACC/AHA guidelines (2020) rec-
ommended exercise testing (level of evidence IIaB) and exercise-
induced hemodynamic changes assessment in case of discrepancy
between symptoms and primary MR severity184. However, specific
echocardiographic parameters were not mentioned, while the EIPH
was no longer recommended after being part of the 2006 guidelines.
Recently, there is a rewarming scientific interest for ESE application in
MR patients, which may assist clinical decision-making based on the
following parameters:
7.5.1. Symptoms development in asymptomatic patients with
moderate or severe MR

The presence of symptoms is one of the most important de-
terminants of mitral valve (MV) surgery decision. It remains a big
20
challenge to reveal MR-related symptoms in patients denying them
because they exert self-limited activity to avoid the unpleasant
sensation of dyspnea and/or fatigue. Among asymptomatic patients
with at least moderateMR, 30e40% appear withmasked symptoms
and may equally benefit from mitral valve intervention as symp-
tomatic patients. The provocation of symptoms during supine bi-
cycle has been associated with adverse events and the need for MV
surgery in patients with MV prolapse (MVP)185.

7.5.2. Exercise-induced changes in MR severity
Increase in MR severity (defined as DEROA � þ 10 mm2 or Dre-

gurgitant volume � þ15 ml) may explain the development of
symptoms in patients with at least moderate MR186. There are
several concerns about the validity and variability of EROA and
regurgitant volume (RVol) measurements at rest and mainly during
ESE187. Over the last two decades, since EROA and RVol were pro-
posed, their use for MR quantification during ESE in MVP patients
remains limited by research groups other than those initially
introduced them188. The exaggeratedmitral annulus motion and the
eccentric jets mostly observed in MVP may further attenuate the
accuracy of EROA and RVol calculations. That is more profound at
high heart rates during ESE, leading to controversial results189.
Conversely, the application of EROA and RVol indexes is more
feasible in secondary MR190. In such a small cohort of mostly (~90%)
symptomatic patients, a large increase of MR severity (DEROA �þ13
mm2) during supine bicycle, among others, was the most important
determinant of survival in pharmaceutical-treated patients. Notably,
half of them had mild functional MR. In a larger, well-organized
study, the MR severity during semisupine, bicycle ESE exerted
prognostic value in patients with heart failure e with reduced
ejection fraction and secondary MR191. Another echocardiographic
index of secondary MR severity is the MR jet area. Although it is a
semiquantitative index that requires high frame rate echocardiog-
raphy, it is easily obtainable and representative in optimal views.

7.5.3. Exercise-induced pulmonary hypertension (EIPH)
The measurement of TR Vmax and thereby the calculation of

PASP is quite challenging during ESE. A rise of PASP to �60 mmHg
may independently predict symptoms appearance in asymptomatic
patients with degenerative or secondary MR192. PASP has already
been evaluated as an ESE outcome to explain the exercise intoler-
ance or the out of proportion exertional dyspnea in many left-heart
diseases193,194. Echocardiographic and invasive measures of PASP
have shown high agreement in asymptomatic patients with mod-
erate to severe MR undergoing semisupine bicycle ESE195. Never-
theless, several flow-dependent confounders (body weight, age,
gender, and physical activity status) and the absence of clearly
defined cut-off values at exercise (e.g., peak PASP values vs PASP
change) further complicates the EIPH interpretation196. A steep in-
crease of PASP at low levels of exercise followed by a further small
incline e instead of a gradual, continuous increase up to peak ex-
ercise e may easily distinguish patients with truly abnormal test.
Recently, a small study reported the early development of EIPH
(PASP >50 mmHg) at low workload of ESE (up to 50 watts) as
prognostic factor of clinical deterioration in patients with asymp-
tomatic, moderate, primary MR, proposing the ‘rule 50-50’197

(Fig. 9). Despite limited available data, this Task Force suggests that
an early rise of PASP may identify patients with significant MR-related
symptoms.

7.5.4. Tricuspid annular plane systolic excursion (TAPSE)
The development of RV dysfunction during ESE, defined as

TAPSE <19 mm, may add further prognostic value in asymptomatic
patients with degenerative MR198.



Figure 9. Exercise stress echocardiography in an asymptomatic patient with moderate to severe MR and normal PASP at baseline. Semiquantitative assessment of MR regurgitation,
using MR jet area, and detection of exercise-induced pulmonary hypertension at early peak accompanied by severe dyspnea.
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7.5.5. Contractile reserve (CR)
It describes the ability of LV to increase cardiac output to meet

the metabolic requirements during exercise. A reduced CR [<4%
increase of LVEF or <2% increase of global longitudinal strain (GLS)
during exercise] is not uncommon in chronic moderate or severe
MR and may be independent of LV function at rest199. The absence
of CR, assessed during exercise testing by GLS change or to a lesser
extent by LVEF change, indicates poor prognosis in patients
following either MV surgery or medical therapy76,200dthat effect
was independent of resting echocardiographic parameters. In
clinical practice, GLS can be obtained only at low levels of exercise,
when the heart rate allows an adequate frame rate.
Keypoints: Evidence/Studies Consensus status

In asymptomatic patients with
moderate or severe MR, the
development of symptoms during
exercise tests may re-classify the
need for intervention.

Weak
O184

Strong consensus

In patients with either primary or
secondary MR, the rise of PASP
(� 60 mmHg) especially at early
stage, the absence of contractile
reserve [<4% increase of LV
ejection fraction (LVEF) or <2%
increase of GLS] and the RV
dysfunction (TAPSE <19 mm)
(only in degenerative MR) during
ESE implicate poor prognosis
independent of symptoms.

Weak
O199,200,202

Consensus

Large increase of MR severity
(DEROA �þ13 mm2) in patients
with secondary MR is a marker of
mortality in non-surgical treated
patients.

Weak
O190

Consensus
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7.6. Stress echocardiography in multivalvular or mixed valvular
heart disease

Multivalvular heart disease (MuVD) e the combination of ste-
notic or regurgitant lesions on different cardiac valves, and mixed
valvular heart disease, i.e., the coexistence of stenotic and regur-
gitant lesions on the same valve e are commonly observed in
clinical practice201,202. The clinical effect of MuVD depends on a
complex interplay of pathophysiological factors, combining the
severity of each individual valve lesion, loading conditions, and
ventricular compensation201. The opinion of this Task Force is that a
meticulous transthoracic or even transoesophageal echocardiography
should precede the SE to distinguish the structural from the functional
element of abnormalities in each valve. Owing to the lack of strong
data, the technical difficulties in the accurate assessment of each
valve during stress, and the hemodynamic interplays between
valvular pathologies, SE is rarely used in this population (only in
1.5% of such patients in the recent Euro Heart Survey study). It is
mainly indicated in patients with MuVD and symptoms dispro-
portionate to resting haemodynamic status or in “asymptomatic”
patients with severe valvular disease to uncover symptoms or an
abnormal haemodynamic response195. Bicycle ESE is the preferred
method in this setting, as it allows continuous assessment of
multiple valves.

In symptomatic patients with nonsevere, mixed aortic or mitral
valve disease, ESE may uncover a significant increase of either
regurgitation severity or mean transvalvular gradient. Those find-
ings combined with symptoms, PASP increase, or ventricular
decompensation may guide treatment203 (Fig. 10).

Occasionally, in paradoxical LF/LG severe AS, the reduced for-
ward left ventricular stroke volume might be caused by significant,
concomitant MS, MR, or TR204. In this setting, judicious use of bi-
cycle ESE or low-dose DSEmay assist to discern true-severe AS from
pseudo-severe AS205.



Figure 10. Mildly symptomatic 56-y-old obese male patient with mixed moderate aortic valve disease underwent ESE. At rest, transvalvular gradient (mean gradient~36 mmHg)
moderately increased with normal left ventricular ejection fraction (LVEF). At moderate workload, the patient complained of shortness of breath accompanied by a significant
increase in transvalvular gradient (mean G~55 mmHg) and a decrease in LVEF<50%).

Keypoint: Evidence/Studies Consensus status

After meticulous echocardiographic
evaluation of all valves, ESE may
assist to uncover symptoms or to
assess hemodynamic changes in
each valve (stenosis or
regurgitation) in patients with
either multivalvular or mixed
valvular diseases.

Expert opinion
E

Strong consensus

Keypoint: Evidence/Studies Consensus status

ESE may be a useful tool to assess
symptoms and uncover
hemodynamic changes in
prosthetic valves in patients with
a discrepancy between symptoms
and valvular disease severity
(stenosis or regurgitation).

Expert opinion
E

Strong consensus
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7.7. Stress echocardiography in prosthetic valves

SE aims to assess the prosthetic or repaired valve hemodynamic
changes during exercisewhen increased flow through the valve has
been achieved and to correlate findings with the patient's symp-
toms. SE also allows the detection of new regionalWMA, suggestive
of myocardial ischemia, or exercise-induced MR. The preferred
modality is graded bicycle or treadmill SE, which mimics physio-
logical exercise, with DSE reserved for patients with severe symp-
toms and/or unable to exercise173.

The main indications for performing SE in such patients are: 1)
the presence of symptoms with mildly-moderately increased mean
gradients at rest (i.e., 20e40 mmHg in the aortic position or 5e10
mmHg in themitral position for prosthetic valves and >3mmHg for
mitral valve repair) and 2) “asymptomatic” (truly or claiming) pa-
tients with moderate to severe increased gradients at rest178.
Although not supported by strong evidence, a disproportionate
increase in mean trans-valvular gradient either during exercise (i.e.,
>20 mmHg for aortic prostheses or >10e12 mmHg for mitral
prostheses) or at peak exercise (i.e., absolute value > 15e18 mmHg
for mitral prostheses) suggests severe prosthesis stenosis or sig-
nificant patient-prosthesis mismatch. The clinical relevance of
those findings is further underpinned by concomitant symptoms
and rise of PASP�60 mmHg, in the absence of newWMA206e208. Of
note, although an increase in mean gradient is used for clinical
decision making, the index that has been shown to correlate best
with at least medium-term prognosis is peak exercise PASP, likely
owing to the stronger longitudinal impact of the stenotic lesion on
pulmonary circulation and right ventricular performance as
compared to gradients178.

In patients after mitral valve repair with increased mean
gradient (>3 mmHg) at rest, it has been proposed that mean
transmitral gradient at �7 mmHg with concomitant peak exercise
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PASP � 50 mmHg suggests the presence of functional mitral ste-
nosis. Firm data that support such a recommendation are
lacking209e211. Interestingly, a recent study in a small population of
asymptomatic patients after mitral valve repair showed that more
than 50% of the patients had a mean transvalvular gradient >15
mmHg during ESE, questioning the above-used threshold for clin-
ical decision making. However, none of the participants reached a
PASP >60 mmHg during exercise; again emphasizing the impor-
tance of routine measurement of this parameter during ESE212.
7.8. Stress echocardiography in cardiomyopathies

Stress echocardiography (SE) has been extensively studied in the
diagnosis, evaluation of treatment, and prognosis in cardiomyop-
athies, mainly HCM and DCM, and is increasingly applied in clinical
practice.
7.8.1. Dilated cardiomyopathy (DCM)
PSE with either dobutamine or dipyridamole has been most

often used in DCM to assess CR. DSE can be used to discriminate
ischemic from nonischemic etiology of DCM, albeit with low
sensitivity213,214, and to detect early disease in cardiotoxicity-
related and other forms of cardiomyopathy215,216. However, there
is no consensus on the optimal dobutamine protocol and various
doses between 10 and 40 mg/kg/min have been proposed in various
studies, with higher doses more likely to reduce false-negative
results at the expense of potentially higher risk of arrhythmias217.

Alternatively, ESE may be used to provide additional informa-
tion, such as PASP and diastolic function assessment.

The presence of CR in DCM patients with depressed cardiac
function at rest is associated with decreased mortality, heart failure
hospitalizations, lower need for cardiac transplantation, and better
response to heart failure treatment or cardiac resynchronization
therapy218,219. Interestingly, despite the prognostic value of this
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parameter, there is little agreement on how to define CR in DCM.
Most trials have assessed a change in the WMSI with cutoffs be-
tween 0.15 and 0.44220,221, while an improvement in LVEF between
2 and 10% has been reported as an index of CR in other stud-
ies222e224. Of note, different protocols were used in each trial
leading to different cutoffs. Furthermore, ESE may enable the dif-
ferentiation of athletes with dilated LV and low normal LVEF from
patients with DCM. A significant improvement in contractile
reserve during physical exertion, suggests a physiological
response225.
7.8.2. Hypertrophic cardiomyopathy (HCM)
ESE is widely used in HCM to assess inducible left ventricular

outflow tract obstruction (LVOTO) in symptomatic patients with
resting LVOTO < 50 mmHg. ESE in standing, sitting, or semisupine
position is recommended in the ESC and AHA/ACC guidelines on
HCM, when resting echocardiography with bedside provocation
maneuvers fails to induce LVOT gradient �50 mmHg (class of
recommendation IB)226. Upright treadmill ESE may be the
preferred method as it is more likely to yield significant LVOT
gradients �50 mmHg227. A symptoms-limited test protocol is
applied with the endpoint being the achievement of LVOT gradient
�50 mmHg. DSE is not recommended considering the low speci-
ficity and isoproterenol is reserved for use in the cath lab or theatre
during septal myectomy228. Amyl nitrite may be used in patients
who cannot exercise229. ESE can be also useful in asymptomatic
patients with LVOT gradients <50 mmHg at rest e to guide lifestyle
and treatment decisions, such as exercise recommendation and
medication (Class of recommendation IIb-C). Up to 9% of HCM pa-
tients may develop WMA on ESE in the absence of CAD and this is
an independent predictor of cardiac death and events such as car-
diac transplantation230,231. In specific subgroups of HCM patients,
WMA during SE may reach up to 50% of patients; hence, SE is not
recommended for the detection of ischemia in HCM232.
Keypoints: Evidence/Studies Consensus status

SE may be recommended to detect
ischemia in DCM (weak
evidence), but it is not
recommended for the same
reason in HCM patients.

Weak
O213,214

Consensus

The absence of contractile reserve
during SE is associated with
worse clinical outcomes in
patients with DCM.

Strong
M218

Strong consensus

ESE may be useful to detect
provocable LVOTO in patients
with HCM and no significant
resting LVOT gradient at rest.

Weak
O227

Consensus
8. Summary

SE remains an operator-dependent technique with unambigu-
ous high prognostic value in ischemic cardiac disease. It has mul-
tiple additional applications in a wide variety of nonischemic
cardiac diseases, such as valvular diseases and cardiomyopathies.
Till now, the small sample size, the diversity in protocols, and the
absence of prognostic data have limited its wide performance,
despite the promising potentiality in nonischemic cardiac diseases.
This Task Force concluded with a consensus statement to summa-
rize the evidence-based role of SE, practical recommendations for
SE application, and forthcoming advances of dynamic
echocardiography.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.hjc.2021.07.006.

References

1. Blomstr€om-Lundqvist C, Traykov V, Erba PA, et al. European Heart Rhythm
Association (EHRA) international consensus document on how to prevent,
diagnose, and treat cardiac implantable electronic device infections. Eur Heart
J. 2020;41:2012e2032.

2. Sicari R, Nihoyannopoulos P, Evangelista A, et al. Stress Echocardiography
expert consensus statement: European Association of Echocardiography (EAE)
a registered branch of the ESC. Eur J Echocardiogr. 2008;9:415e437.

3. Rigo F, Sicari R, Gherardi S, Djordjevic-Dikic A, Cortigiani L, Picano E. The
additive prognostic value of wall motion abnormalities and coronary flow
reserve during dipyridamole stress echo. Eur Heart J. 2008;29:79e88.

4. Steeds RP, Wheeler R, Bhattacharyya S, et al. Stress echocardiography in
coronary artery disease: a practical guideline from the British Society of
Echocardiography. Echo Res Pract. 2019;6:G17eG33.

5. Knuuti J, Wijns W, Saraste A, et al, ESC Scientific Document Group. 2019 ESC
Guidelines for the diagnosis and management of chronic coronary syndromes.
Eur Heart J. 2020;41:407e477.

6. Picano E, Lattanzi F, Sicari R, et al. Role of stress echocardiography in risk
stratification early after an acute myocardial infarction. EPIC (Echo Persantin
International Cooperative) and EDIC (Echo Dobutamine International Coop-
erative) study groups. Eur Heart J. 1997;18(Suppl D):D78eD85.

7. Collet JP, Thiele H, Barbato E, et al, ESC Scientific Document Group. 2020 ESC
Guidelines for the management of acute coronary syndromes in patients
presenting without persistent ST-segment elevation. Eur Heart J. 2020.

8. Pieske B, Tsch€ope C, de Boer RA, et al. How to diagnose heart failure with
preserved ejection fraction: the HFA-PEFF diagnostic algorithm: a consensus
recommendation from the Heart Failure Association (HFA) of the European
Society of Cardiology (ESC). Eur J Heart Fail. 2020;22:391e412.

9. Pło�nska-Go�sciniak E, Kukulski T, Hryniewiecki T, et al. Clinical application of
stress echocardiography in valvular heart disease: an expert consensus of the
Working Group on Valvular Heart Disease of the Polish Cardiac Society. Re-
viewers (on behalf of the Working Group on Valvular Heart Disease); Re-
viewers (on behalf of the Polish Cardiac Society) Kardiol Pol. 2020;78:
632e641.

10. Baumgartner H, Falk V, Bax JJ, et al. ESC Scientific Document Group. 2017 ESC/
EACTS Guidelines for the management of valvular heart disease. Eur Heart J.
2017;38:2739e2791.

11. Al-Lamee RK, Shun-Shin MJ, Howard JP, et al. Dobutamine Stress Echocardi-
ography Ischemia as a Predictor of the Placebo-Controlled Efficacy of Percu-
taneous Coronary Intervention in Stable Coronary Artery Disease: The Stress
Echocardiography-Stratified Analysis of ORBITA. Circulation. 2019;140:
1971e1980.

12. Chambers JB, Garbi M, Nieman K, et al. Appropriateness criteria for the use of
cardiovascular imaging in heart valve disease in adults: a European Associa-
tion of Cardiovascular Imaging report of literature review and current prac-
tice. Eur Heart J Cardiovasc Imaging. 2017;18:489e498.

13. Lancellotti P, Pellikka PA, Budts W, et al. The clinical use of stress echocar-
diography in non-ischaemic heart disease: recommendations from the Eu-
ropean Association of Cardiovascular Imaging and the American Society of
Echocardiography. Eur Heart J Cardiovasc Imaging. 2016;17:1191e1229.

14. Suzuki K, Hirano Y, Yamada H, et al. Practical guidance for the implementation
of stress echocardiography. J Echocardiogr. 2018;16:105e129.

15. Gilstrap L, Bhatia RS, Weiner R, et al. Dobutamine stress echocardiography: a
review and update. Res Reports Clin Cardiol. 2014;5:69e81.

16. Geleijnse ML, Krenning BJ, Nemes A, et al. Incidence, Pathophysiology, and
Treatment of Complications During Dobutamine-Atropine Stress Echocardi-
ography. Circulation. 2010;121:1756e1767.

17. Pellikka PA, Roger VL, Oh JK, et al. Safety of Performing Dobutamine Stress
Echocardiography in Patients with Abdominal Aortic Aneurysm >4cm in
Diameter. Am J Cardiol. 1996;77:413e416.

18. Takhtehchian DS, Novaro GM, Barnett G, et al. Safety of Dobutamine Stress
Echocardiography in Patients with Unruptured Intracranial Aneurysms. J Am
Soc Echocardiogr. 2002;15:1401e1404.

19. Peteiro J, Bouzas-Mosquera A. Complications of exercise echocardiography.
analysis of a cohort of 19,239 patients. Int Cardiovasc Forum J. 2016;9:41e42.

20. Karabinos I. Reliability and Safety of Dobutamine Stress Echocardiography for
Detection of Myocardial Ischemia-Viability: Experience From 802 Consecutive
Studies. Hellenic J Cardiol. 2004;45:71e83.

21. Kane G, Hepinstall MJ, Kidd GM, et al. Safety of Stress Echocardiography Su-
pervised by Registered Nurses: Results of a 2-Year Audit of 15,404 Patients.
JASE. 2008;4:337e341.

22. Fletcher GF, Ades PA, Kligfield P, et al. Exercise standards for testing and
training: a scientific statement from the American Heart Association. Circu-
lation. 2013;128:873e934.

23. Varga A, Garcia MA, Picano E. International Stress Echo Complication Registry.
Safety of stress echocardiography (from the International Stress Echo
Complication Registry). Am J Cardiol. 2006;98:541e543.

https://doi.org/10.1016/j.hjc.2021.07.006
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref1
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref1
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref1
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref1
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref1
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref1
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref2
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref2
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref2
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref2
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref3
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref3
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref3
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref3
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref4
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref4
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref4
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref4
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref5
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref5
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref5
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref5
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref6
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref6
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref6
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref6
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref6
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref7
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref7
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref7
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref8
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref8
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref8
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref8
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref8
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref8
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref9
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref9
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref9
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref9
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref9
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref9
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref9
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref9
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref9
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref10
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref10
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref10
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref10
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref11
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref11
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref11
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref11
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref11
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref11
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref12
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref12
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref12
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref12
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref12
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref13
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref13
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref13
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref13
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref13
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref14
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref14
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref14
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref15
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref15
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref15
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref16
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref16
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref16
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref16
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref17
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref17
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref17
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref17
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref18
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref18
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref18
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref18
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref19
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref19
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref19
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref20
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref20
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref20
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref20
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref21
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref21
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref21
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref21
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref22
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref22
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref22
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref22
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref23
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref23
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref23
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref23


N.P.E. Kadoglou, C.H. Papadopoulos, K.G. Papadopoulos et al. Hellenic Journal of Cardiology xxx (xxxx) xxx
24. Keramida K, Maniotis C, Makavos G, et al. Stress echocardiography: differ-
ences between practices in Greece. A survey of the Echocardiology Working
Group of the Hellenic Society of Cardiology. Hellenic J Cardiol. 2021;62:
221e224.

25. Sicari R, Cortigiani L. The clinical use of stress echocardiography in ischemic
heart disease. Cardiovasc Ultrasound. 2017;15:7.

26. Katritsis DG, Karabinos I, Papadopoulos A, et al. Sustained ventricular tachy-
cardia induced by dobutamine stress echocardiography: a prospective study.
Europace. 2005;7:433e439.

27. Cox DE, Farmer LD, Hoyle JR, Wells GL. Prognostic significance of non-
sustained ventricular tachycardia during dobutamine stress echocardiogra-
phy. Am J Cardiol. 2005;96:1293e1298.

28. Bigi R. Complications of Phamacologic Stress Echocardiography in Coronary
Artery Disease. Clin Cardiol. 1996;19:776e780.

29. Tsutsui JM, Elhendy A, Xie F, et al. Safety of dobutamine stress real-time
myocardial contrast echocardiography. J Am Coll Cardiol. 2005;45:1235e1242.

30. Fennich N, Ellouali F, Abdelali S, et al. Stress echocardiography: safety and
tolerability. Cardiovasc Ultrasound. 2013;11:30.

31. Tsutsui JM, Os�orio AF, Lario FA, et al. Comparison of safety and efficacy of the
early injection of atropine during dobutamine stress echocardiography with
the conventional protocol. Am J Cardiol. 2004;94:1367e1372.

32. Popescu BA, Andrade MJ, Badano LP, et al. European Association of Echocar-
diography recommendations for training, competence, and quality improve-
ment in echocardiography. Eur J Echocardiogr. 2009;10:893e905.

33. Pellikka PA, Arruda-Olson A, Chaudhry FA, et al. Guidelines for performance,
interpretation, and application of stress echocardiography in ischemic heart
disease: from the American Society of Echocardiography. J Am Soc Echo-
cardiogr. 2020;33:1e41.

34. Picano E, Lattanzi F, Orlandini A, et al. Stress echocardiography and the human
factor: the importance of being expert. J Am Coll Cardiol. 1991;24:928e933.

35. Senior R, Becher H, Monaghan M, et al. Clinical practice of contrast echocar-
diography: recommendation by the European Association of Cardiovascular
Imaging (EACVI) 2017. Eur Heart J Cardiovasc Imaging. 2017;18:1205aeaf.

36. https://www.bsecho.org/Public/Public/Accreditation/Accreditation-subpages/
Personal-accreditation-subpages/Stress-echocardiography-
accreditation.aspx.

37. https://www.intersocietal.org/echo/standards/
IACAdultEchocardiographyStandards2017.pdf.

38. Popescu BА, Stefanidis А, Nihoyannopoulos P, et al. Updated standards and
processes for accreditation of echocardiographic laboratories from the Euro-
pean Association of Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging.
2014;15:717e727.

39. Zaglavara T, Haaverstad R, Cumberledge B, et al. Dobutamine stress echo-
cardiography for the detection of myocardial viability in patients with left
ventricular dysfunction taking beta blockers: accuracy and optimal dose.
Heart. 2002;87:329e335.

40. Rallidis L, Cokkinos P, Tousoulis D, Nihoyannopoulos P. Comparison of
dobutamine and treadmill exercise echocardiography in inducing ischemia in
patients with coronary artery disease. J Am Coll Cardiol. 1997;30:1660e1668.

41. �Agoston G, Morvai-Ill�es B, P�alink�as A, Varga A. The role of stress echocardi-
ography in cardiovascular disorders. Kardiol Pol. 2019;77:1011e1019.

42. Lancellotti P, Galderisi M, Edvardsen T, et al. Echo-Doppler estimation of left
ventricular filling pressure: results of the multicentre EACVI Euro-Filling
study. Eur Heart J Cardiovasc Imaging. 2017;18:961e968.

43. Brochet E, D�etaint D, Fondard O, et al. Early hemodynamic changes versus
peak values: what is more useful to predict occurrence of dyspnea during
stress echocardiography in patients with asymptomatic mitral stenosis? J Am
Soc Echocardiogr. 2011;24:392e398.

44. Park TH, Tayan N, Takeda K, et al. Supine bicycle echocardiography improved
diagnosticaccuracy and physiologic assessment of coronary artery disease
with the incorporation of intermediate stages of exercise. J Am Coll Cardiol.
2007;50:1857e1863.

45. Karagiannis SE, Bax JJ, Elhendy A, et al. Enhanced sensitivity of dobutamine
stress echocardiography by observing wall motion abnormalities during the
recovery phase after acute beta-blocker administration. Am J Cardiol. 2006;97:
462e465.

46. Lim AY, Kim C, Park SJ, Choi JO, Lee SC, Park SW. Clinical characteristics and
determinants of exercise-induced pulmonary hypertension in patients with
preserved left ventricular ejection fraction. Eur Heart J Cardiovasc Imaging.
2017;18:276e283.

47. Makani H, Bangalore S, Halpern D, Makwana HG, Chaudhry FA. Cardiac out-
comes with submaximal normal stress echocardiography: a meta-analysis.
J Am Coll Cardiol. 2012;60:1393e1401.

48. Pellikka PA, Roger VL, Oh JK, Miller FA, Seward JB, Tajik AJ. Stress echocar-
diography. Part II. Dobutamine stress echocardiography: techniques, imple-
mentation, clinical applications, and correlations. Mayo Clin Proc. 1995;70:
16e27.

49. Aggeli C, Dimitroglou Y, Tousoulis D. Does Safety of Single-Line Infusion of
Dobutamine and Ultrasound Enhancing Agents Remain an Issue? J Am Soc
Echocardiogr. 2019;32:792.

50. Senior R, Moreo A, Gaibazzi N, et al. Comparison of sulfur hexafluoride
microbubble (SonoVue)-enhanced myocardial contrast echocardiography
with gated single-photon emission computed tomography for detection of
significant coronary artery disease: a large European multicenter study. J Am
Coll Cardiol. 2013;62:1353e1361.
24
51. Aggeli C. 3D STRESS ECHO: Is it a fact or a fiction? Hellenic J Cardiol.
2020;S1109e9666(20):30003e30008.

52. Dimitroglou Y, Aggeli C, Rapis K, et al. The Effect of Dobutamine Stress Testing
on Vortex Formation Time in Patients Evaluated for Ischemia. J Cardiovasc
Transl Res. 2020, Online ahead of print.

53. Senior R, Lepper W, Pasquet A, et al. Myocardial perfusion assessment in
patients with medium probability of coronary artery disease and no prior
myocardial infarction: comparison of myocardial contrast echocardiography
with 99mTc single-photon emission computed tomography. Am Heart J.
2004;147:1100e1105.

54. Homuzi T, Yoshida K, Akasada T, et al. Noninvasive assessment of coronary
flow reserve and coronary flow velocity reserve in the anterior descending
coronary artery by Doppler echochardiography: comparison with invasive
technique. J Am Coll Cardiol. 1998;32:1251e1259.

55. Youn H-J, Foster E. Demonstration of coronary artery flow using transthoracic
Doppler echocardiography. J Am Soc Echocardiogr. 2004;17:178e185.

56. Voci P, Pizzuto F, Romeo F. Coronary flow: a new asset for the echo lab? Eur
Heart J. 2004;25:1867e1879.

57. Takeuchi M, Lodato JA, Furlong KT, et al. Feasibility of measuring coronary
flow velocity and reserve in the left anterior descending coronary artery by
transthoracic Doppler echocardiography in the relatively obese American
population. Echocardiography. 2005;22:225e232.

58. Olsen RH, Pedersen LR, Snoer M, et al. Coronary flow velocity reserve by
echocardiography: feasibility, reproducibility and agreement with PET in
overweight and obese patients with stable and revascularized coronary artery
disease. Cardiovasc Ultrasound. 2016;14:22.

59. Ikonomidis I, Lekakis J, Papadopoulos C, et al. Incremental value of pulse wave
velocity in the determination of coronary microcirculatory dysfunction in
never-treated patients with essential hypertension. Am J Hypertens. 2008;21:
806e813.

60. Forte EH, Rousse MG, Lowenstein JA. Target heart rate to determine the
normal value of coronary flow reserve during dobutamine stress echocardi-
ography. Cardiovasc Ultrasound. 2011;9:10.

61. Florenciano-S�anchez R, de la Morena-Valenzuela G, Villegas-García M, et al.
Noninvasive assessment of coronary flow velocity reserve in left anterior
descending artery adds diagnostic value to both clinical variables and
dobutamine echocardiography: a study based on clinical practice. Eur J
Echocardiogr. 2005;6:251e259.

62. Rigo F, Cortigiani L, Pasanisi E, et al. The additional prognostic value of cor-
onary flow reserve on left anterior descending artery in patients with nega-
tive stress echo by wall motion criteria. A transthoracic vasodilator stress
echocardiography study. Am Нeart J. 2006;151:124e130.

63. Shivalkar B, De Keersmaeker A, Van Hoeck N, et al. Is 3D stress echocardi-
ography ready for prime time? Diagnostic and prognostic implications. Eur
Heart J cardiovasc Imaging. 2020;21:428e436.

64. Berbarie RF, Dib E, Ahmad M. Stress echocardiography using real-time three-
dimensional imaging. Echocardiography. 2018;35:1196e1203.

65. Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber
quantification by echocardiography in adults: an update from the American
Society of echocardiography and the European association of cardiovascular
imaging. J Am Soc Echocardiogr. 2015;28:1e39. e14.

66. Yoshitani H, Takeuchi M, Mor-Avi V, et al. Comparative diagnostic accuracy of
multiplane and multislice three dimensional dobutamine echocardiography
in the diagnosis of coronary artery disease. J Am Soc Echocardiogr. 2009;22:
437e442.

67. Badano LP, Muraru D, Rigo F, et al. High volume-rate three-dimensional stress
echocardiography to assess inducible myocardial ischemia: a feasibility study.
J Am Soc Echocardiogr. 2010;23:628e635.

68. Armstrong WF, Pellikka PA, Ryan T, et al. Stress echocardiography: recom-
mendations for performance and interpretation of stress echocardiography.
Stress echocardiography Task Force of the Nomenclature and standards
committee of the American Society of Echocardiography. J Am Soc Echo-
cardiogr. 1998;11:97e104.

69. Yingchoncharoen T, Agarwal S, Popovic ZB, et al. Normal ranges of left ven-
tricular strain: a meta-analysis. J Am Soc Echocardiogr. 2013;26:185e191.

70. Sawada SG. Stressing the limits of strain echocardiography. J Am Soc Echo-
cardiogr. 2015;28:1390e1392.

71. Donal E, Bergerot C, Thibault H, et al. Influence of afterload on left ventricular
radial and longitudinal systolic functions: a two dimensional strain imaging
study. Eur J Echocardiogr. 2009;10:914e921.

72. Mor-Avi V, Lang RM, Badano LP, et al. Current and evolving echocardiographic
techniques for the quantitative evaluation of cardiac mechanics: ASE/EAE
consensus statement on methodology and indications endorsed by the Jap-
anese Society of Echocardiography. J Am Soc Echocardiogr. 2011;24:277e313.

73. Donal E, Delgado V, Bucciarelli-Ducci C, et al. 2016e18 EACVI Scientific
Documents Committee. Multimodality imaging in the diagnosis, risk stratifi-
cation, and management of patients with dilated cardiomyopathies: an expert
consensus document from the European Association of Cardiovascular Im-
aging. Eur Heart J Cardiovasc Imaging. 2019;20:1075e1093.

74. Paraskevaidis IA, Ikonomidis I, Simitsis P, et al. Multidimensional contractile
reserve predicts adverse outcome in patients with severe systolic heart fail-
ure: a 4-year follow-up study. Eur J Heart Fail. 2017;19:846e861.

75. Badran HM, Faheem N, Ibrahim WA, Elnoamany MF, Elsedi M, Yacoub M.
Systolic function reserve using two-dimensional strain imaging in

http://refhub.elsevier.com/S1109-9666(21)00148-2/sref24
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref24
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref24
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref24
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref24
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref25
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref25
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref26
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref26
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref26
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref26
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref27
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref27
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref27
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref27
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref28
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref28
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref28
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref29
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref29
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref29
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref30
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref30
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref31
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref31
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref31
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref31
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref31
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref32
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref32
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref32
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref32
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref33
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref33
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref33
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref33
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref33
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref34
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref34
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref34
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref35
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref35
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref35
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref35
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref38
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref38
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref38
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref38
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref38
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref39
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref39
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref39
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref39
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref39
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref40
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref40
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref40
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref40
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref41
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref41
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref41
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref41
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref41
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref41
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref42
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref42
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref42
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref42
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref43
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref43
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref43
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref43
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref43
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref43
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref44
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref44
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref44
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref44
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref44
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref45
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref45
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref45
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref45
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref45
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref46
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref46
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref46
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref46
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref46
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref47
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref47
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref47
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref47
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref48
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref48
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref48
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref48
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref48
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref49
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref49
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref49
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref50
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref50
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref50
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref50
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref50
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref50
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref51
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref51
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref51
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref51
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref52
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref52
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref52
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref53
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref53
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref53
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref53
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref53
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref53
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref54
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref54
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref54
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref54
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref54
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref55
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref55
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref55
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref56
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref56
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref56
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref57
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref57
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref57
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref57
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref57
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref58
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref58
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref58
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref58
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref59
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref59
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref59
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref59
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref59
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref60
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref60
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref60
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref61
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref61
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref61
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref61
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref61
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref61
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref61
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref62
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref62
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref62
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref62
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref62
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref62
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref63
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref63
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref63
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref63
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref64
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref64
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref64
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref65
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref65
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref65
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref65
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref65
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref66
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref66
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref66
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref66
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref66
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref67
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref67
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref67
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref67
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref68
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref68
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref68
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref68
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref68
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref68
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref69
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref69
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref69
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref70
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref70
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref70
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref71
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref71
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref71
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref71
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref72
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref72
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref72
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref72
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref72
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref73
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref73
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref73
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref73
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref73
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref73
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref73
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref74
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref74
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref74
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref74
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref75
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref75


N.P.E. Kadoglou, C.H. Papadopoulos, K.G. Papadopoulos et al. Hellenic Journal of Cardiology xxx (xxxx) xxx
hypertrophic cardiomyopathy: comparison with essential hypertension. J Am
Soc Echocardiogr. 2013;26:1397e1406.

76. Magne J, Mahjoub H, Dulgheru R, et al. Left ventricular contractile reserve in
asymptomatic primary mitral regurgitation. Eur Heart J. 2014;35:1608e1616.

77. Donal E, Thebault C, O’Connor K, et al. Impact of aortic stenosis on longitu-
dinal myocardial deformation during exercise. Eur J Echocardiogr. 2011;12:
235e241.

78. Stefanos Karagiannis. Clinical Stress Echocardiography 2007. ISBN:978-960-
930128-2.

79. Herscovici R, Sedlak T, Wei J, et al. Ischemia and No obstructive coronary
artery disease (INOCA): what is the risk? J AM Heart Assoc. 2018;7, e008868.

80. Bairey Merz, et al. 2017 80Bairey Merz CN, Pepine CJ, Walsh MN, Fleg JL.
Ischemia and No Obstructive Coronary Artery Disease (INOCA): Developing
evidence-based therapies and research agenda for the next decade. Circula-
tion. 2017;135:1075e1092.

81. Pasupathy S, Air T, Dreyer RP, Tavella R, Beltrame JF. Systematic review of
patients presenting with suspected myocardial infarction and non-
obstructive coronary arteries. Circulation. 2015;131:861e870.

82. Agewall S, Beltrame JF, Reynolds HR, et al. ESC working group position paper
on myocardial infarction with non-obstructive coronary arteries. Eur Heart J.
2017;38:143e153.

83. Scalone G, Niccoli G, Crea F. Pathophysiology, diagnosis and management of
MINOCA: an update. Eur Heart J Acute Cardiovasc Care. 2019;8:54e62.

84. Mygind ND, Michelsen MM, Pena A, et al. Coronary microvascular function
and cardiovascular risk factors in women with angina pectoris and no
obstructive coronary artery disease: The iPOWER Study. J Am Heart Assoc.
2016;5, e003064.

85. Kunadian V, Chieffo A, Camici PG, et al. An EAPCI Expert Consensus Document
on Ischaemia with Non-Obstructive Coronary Arteries in Collaboration with
European Society of Cardiology Working Group on Coronary Pathophysiology
& Microcirculation Endorsed by Coronary Vasomotor Disorders International
Study Group. Eur Heart J. 2020;41:3504e3520.

86. From AM, Kane G, Bruce C, Pellikka PA, Scott C, McCully RB. Characteristics
and outcomes of patients with abnormal stress echocardiograms and angio-
graphically mild coronary artery disease (<50% stenoses) or normal coronary
arteries. J Am Soc Echocardiogr. 2010;23:207e214.

87. Dodi C, Pingitore A, Sicari R, Bruno G, Cordovil A, Picano E. Effects of anti-
anginal therapy with a calcium antagonist and nitrates on dobutamine-
atropine stress echocardiography. Comparison with exercise electrocardiog-
raphy. Eur Heart J. 1997;18:242e247.

88. Bigi R, Cortigiani L, Desideri A. Non-invasive diagnostic and prognostic
assessment of single-vessel coronary artery disease: focus on stress echo-
cardiography. Eur J Echocardiogr. 2001;2:40e45.

89. Ferro A, Pellegrino T, Spinelli L, Acampa W, Petretta M, Cuocolo A. Comparison
between dobutamine echocardiography and single-photon emission
computed tomography for interpretive reproducibility. Am J Cardiol.
2007;100:1239e1244.

90. Al Moudi M, Sun Z, Lenzo N. Diagnostic value of SPECT, PET and PET/CT in the
diagnosis of coronary artery disease: A systematic review. Biomed Imaging
Interv J. 2011;7:e9.

91. Dash A, Chakravarty R. Radionuclide generators: the prospect of availing PET
radiotracers to meet current clinical needs and future research demands. Am J
Nucl Med Mol Imaging. 2019;9:30e66.

92. Kosmala A, Petritsch B, Weng AM, Bley TA, Gassenmaier T. Radiation dose of
coronary CT angiography with a third-generation dual-source CT in a "real-
world" patient population. Eur Radiol. 2019;29:4341e4348.

93. Knuuti J, Wijns W, Saraste A, et al, ESC Scientific Document Group. 2019 ESC
Guidelines for the diagnosis and management of chronic coronary syndromes.
Eur Heart J. 2020;41:407e477.

94. Greenland P, Bonow RO. How low-risk is a coronary calcium score of zero?
The importance of conditional probability. Circulation. 2008;117:1627e1629.

95. Douglas PS, Pontone G, Hlatky MA, et al. PLATFORM Investigators. Clinical
outcomes of fractional flow reserve by computed tomographic angiography-
guided diagnostic strategies vs. usual care in patients with suspected coro-
nary artery disease: the prospective longitudinal trial of FFR(CT): outcome
and resource impacts study. Eur Heart J. 2015;36:3359e3367.

96. Knuuti J, Ballo H, Juarez-Orozco LE, et al. The performance of non-invasive
tests to rule-in and rule-out significant coronary artery stenosis in patients
with stable angina: a meta-analysis focused on post-test disease probability.
Eur Heart J. 2018;39:3322e3330.

97. Task Force Members, Montalescot G, Sechtem U, Achenbach S, et al. 2013 ESC
guidelines on the management of stable coronary artery disease: the Task
Force on the management of stable coronary artery disease of the European
Society of Cardiology. Eur Heart J. 2013;34:2949e3003.

98. Camici Paolo G, Prasad Sanjay Kumak, Rimoldi Ornella E. Stunning, Hiber-
nation, and Assessment of Myocardial Viability. Circulation. 2008;117:
103e114.

99. Kloner RA. Stunned and Hibernating Myocardium: Where Are We Nearly 4
Decades Later? J Am Heart Assoc. 2020;9, e015502.

100. Redwood S, Ferrari R, Marber M. Myocardial hibernation and stunning: from
physiological principles to clinical practice. Heart. 1998;80:218e222.

101. Picano E, Bento de Sousa MJ, de Moura Duarte LF, Pingitore A, Sicari. Detection
of viable myocardium by dobutamine and dipyridamole stress echocardiog-
raphy. Herz. 1994;19:204e209.
25
102. Poldermans D, Sozzi FB, Bax JJ, et al. Influence of continuation of beta blockers
during dobutamine stress echocardiography for the assessment of myocardial
viability in patients with severe ischemic left ventricular dysfunction. A7 Am J
Cardiol. 2001;88:68e70.

103. R Sicari 1, Ripoli A, Picano E, et al. VIDA (Viability Identification with Dipyr-
idamole Administration) Study Group. The Prognostic Value of Myocardial
Viability Recognized by Low Dose Dipyridamole Echocardiography in Patients
With Chronic Ischaemic Left Ventricular Dysfunction. Eur Heart J. 2001;22:
837e844.

104. Djordjevic-Dikic Ana, Ostojic Miodrag, Beleslin Branko, et al. Low-dose
Adenosine Stress Echocardiography: Detection of Myocardial Viability. Car-
diovasc Ultrasound. 2003;1:7.

105. Suzuki K, Hirano Y, Yamada H, et al. Practical guidance for the implementa-
tion of stress echocardiography. J Echocardiogr. 2018;16:105e129.

106. Senior R, Swinburn JM. Incremental value of myocardial contrast echocardi-
ography for the prediction of recovery of function in dobutamine nonre-
sponsive myocardium early after acute myocardial infarction. Am J Cardiol.
2003;91:397e402.

107. Sbano JC, Tsutsui JM, Andrade JL, et al. Detection of functional recovery using
low-dose dobutamine and myocardial contrast echocardiography after acute
myocardial infarction treated with successful thrombolytic therapy. Echo-
cardiography. 2005;22:496e502.

108. Bountioukos M, Schinkel AF, Bax JJ, et al. Pulsed wave tissue Doppler imaging
for the quantification of contractile reserve in stunned, hibernating, and
scarred myocardium. Heart. 2004;90:506e510.

109. Sachdeva A, Paul B. Dobutamine Stress Echocardiography - Need for a Better
Gold Standard? J Assoc Phys India. 2016;64:49e51.

110. Abdel-Salam Z, Nammas W. Which protocol for which segment: a compara-
tive study of different pharmacological stress echocardiography protocols for
predicting viability in segments with varying degrees of dyssynergy. Echo-
cardiography. 2009;26:541e548.

111. Maskoun W, Mustafa N, Mahenthiran J, et al. Wall motion abnormalities with
low-dose dobutamine predict a high risk of cardiac death in medically
treated patients with ischemic cardiomyopathy. Clin Cardiol. 2009;32:
403e409.

112. Cornel J, Bax J, Elhendy A, et al. Global left ventricular function after surgical
revascularization in patients with stable coronary artery disease implications
of time course of recovery on diagnostic accuracy. JACC (J Am Coll Cardiol).
1998;31(5):1002e1010.

113. Sawada SG, Safadi A, Gaitonde RS, et al. Stress-induced wall motion abnor-
malities with low-dose dobutamine infusion indicate the presence of
severe disease and vulnerable myocardium. Echocardiography. 2007;24:
739e744.

114. Afridi I, Grayburn PA, Panza JA, Oh JK, Zoghbi WA, Marwick TH. Myocardial
viability during dobutamine echocardiography predicts survival in patients
with coronary artery disease and severe left ventricular systolic dysfunction.
J Am Coll Cardiol. 1998;32:921e926.

115. Vanoverschelde JL, D'Hondt AM, Marwick T, et al. Head-to-head comparison
of exercise-redistribution-reinjection thallium single-photon emission
computed tomography and low dose dobutamine echocardiography for
prediction of reversibility of chronic left ventricular ischemic dysfunction.
J Am Coll Cardiol. 1996;28:432e442.

116. Salustri A, Elhendy A, Garyfallidis P, et al. Prediction of improvement of
ventricular function after acute myocardial infarction using low-dose
dobutamine stress echocardiography. Am J Cardiol. 1994;74:853e856.

117. Marzullo P, Parodi O, Reisenhofer B, et al. Value of rest e thallium-201/
technetium-99 sestamibi and dobutamine echocardiography for detecting
myocardial viability. Am J Cardiol. 1993;71:166e172.

118. Meluzin J, Cerny J, Frelich M, et al. Prognostic value of the amount of
dysfunctional but viable myocardium in revascularized patients with coro-
nary artery disease and left ventricular dysfunction. J Am Coll Cardiol.
1998;32:912e920.

119. Poli A, Previtali M, Lanzarini L, et al. Comparison of dobutamine stress
echocardiography with dipyridamole stress echocardiography for detection of
viable myocardium after myocardial infarction treated with thrombolysis.
Heart. 1996;75:240e246.

120. Abe Y, Muro T, Sakanoue Y, et al. Intravenous myocardial contrast echocar-
diography predicts regional and global left ventricular remodeling after acute
myocardial infarction: comparison with low dose dobutamine stress echo-
cardiography. Heart. 2005;91:1578e1583.

121. Bax JJ, Poldermans D, Elhendy A, Boersma E, Rahimtoola SH. Sensitivity,
specificity, and predictive accuracies of various noninvasive techniques for
detecting hibernating myocardium. Curr Probl Cardiol. 2001;26:147e181.

122. Barrington SF, Chambers J, Hallett WA, O'Doherty MJ, Roxburgh JC, Nunan TO.
Comparison of Sestamibi, Thallium, Echocardiography and PET for the
Detection of Hibernating Myocardium. Eur J Nucl Med Mol Imag. 2004;31:
355e361.

123. Romero 1 Jorge, Xue Xiaonan, Gonzalez Waddy, Garcia Mario J. CMR Imaging
Assessing Viability in Patients With Chronic Ventricular Dysfunction Due to
Coronary Artery Disease: A Meta-Analysis of Prospective Trials. JACC Car-
diovasc Imaging. 2012;5:494e508.

124. Cleland John GF, Calvert Melanie, Freemantle Nick, Arrow Yvonne, et al. The
Heart Failure Revascularisation Trial (HEART). Eur J Heart Fail. 2011;13:
227e233.

http://refhub.elsevier.com/S1109-9666(21)00148-2/sref75
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref75
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref75
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref76
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref76
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref76
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref77
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref77
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref77
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref77
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref79
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref79
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref80
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref80
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref80
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref80
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref80
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref81
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref81
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref81
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref81
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref82
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref82
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref82
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref82
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref83
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref83
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref83
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref84
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref84
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref84
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref84
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref85
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref85
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref85
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref85
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref85
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref85
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref86
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref86
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref86
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref86
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref86
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref87
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref87
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref87
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref87
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref87
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref88
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref88
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref88
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref88
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref89
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref89
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref89
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref89
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref89
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref90
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref90
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref90
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref91
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref91
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref91
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref91
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref92
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref92
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref92
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref92
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref93
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref93
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref93
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref93
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref94
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref94
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref94
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref95
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref95
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref95
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref95
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref95
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref95
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref96
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref96
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref96
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref96
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref96
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref97
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref97
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref97
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref97
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref97
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref98
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref98
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref98
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref98
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref99
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref99
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref100
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref100
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref100
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref101
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref101
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref101
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref101
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref102
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref102
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref102
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref102
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref102
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref103
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref103
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref103
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref103
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref103
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref103
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref104
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref104
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref104
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref105
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref105
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref105
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref106
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref106
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref106
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref106
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref106
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref107
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref107
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref107
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref107
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref107
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref108
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref108
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref108
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref108
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref109
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref109
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref109
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref110
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref110
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref110
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref110
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref110
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref111
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref111
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref111
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref111
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref111
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref112
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref112
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref112
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref112
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref112
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref113
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref113
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref113
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref113
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref113
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref114
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref114
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref114
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref114
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref114
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref115
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref115
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref115
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref115
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref115
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref115
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref116
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref116
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref116
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref116
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref117
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref117
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref117
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref117
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref117
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref118
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref118
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref118
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref118
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref118
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref119
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref119
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref119
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref119
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref119
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref120
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref120
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref120
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref120
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref120
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref121
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref121
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref121
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref121
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref122
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref122
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref122
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref122
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref122
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref123
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref123
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref123
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref123
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref123
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref124
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref124
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref124
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref124


N.P.E. Kadoglou, C.H. Papadopoulos, K.G. Papadopoulos et al. Hellenic Journal of Cardiology xxx (xxxx) xxx
125. Bonow Robert O, Maurer Gerald, Lee Kerry L, et al. Panza for the STICH Trial
Investigators. Myocardial Viability and Survival in Ischemic Left Ventricular
Dysfunction. N Engl J Med. 2011;364:1617e1625.

126. Diao KY, Yang ZG, Ma M, et al. The diagnostic value of global longitudinal
strain (GLS) on myocardial infarction size by echocardiography: a systematic
review and meta-analysis. Sci Rep. 2017;7:1e8.

127. Takeuchi M, Wu V. Application of left ventricular strain to patients with
coronary artery disease. Curr Opin Cardiol. 2018;33:464e469.

128. Bouzas-Mosquera A, Peteiro J, Nemesio AG, et al. Prognostic Value of Exercise
Echocardiography in Patients with Left Bundle Branch Block. JACC cardiovas-
cular Imaging. 2009;2:251e259.

129. Hayat SA, Dwivedi G, Jacobsen A, et al. Effects of Left Bundle Branch Block on
Cardiac Structure, Function, Perfusion, and Perfusion Reserve. Implications for
Myocardial Contrast Echocardiography Versus Radionuclide Perfusion Imag-
ing for the Detection of Coronary Artery Disease. Circulation. 2008;117:
1832e1841.

130. Xu B, Dobson L, Mottram PM, et al. Is exercise stress echocardiography useful
in patients with suspected obstructive coronary artery disease who have
resting Left Bundle Branch Block? Clin Cardiol. 2018;41:360e365.

131. Geleijnse ML, Vigna C, Kasprzak JD, et al. Usefulness and limitations of
dobutamine-atropine stress echocardiography for the diagnosis of coronary
artery disease in patients with left bundle branch block. A multicenter study.
Eur Heart J. 2000;21:1666e1673.

132. Cortigiani L, Picano E, Vigna C, et al. Prognostic value of pharmacologic stress
echocardiography in patients with left bundle branch block. Am J Medicine.
2001;110:361e369.

133. Vamvakidou A, Karogiannis N, Tzalamouras V, et al. Prognostic usefulness of
contemporary stress echocardiography in patients with left bundle branch
block and impact of contrast use in prediction of outcome. European Heart
Journal e Cardiovascular Imaging. 2017;18:415e421.

134. Picano E, Alaimo A, Chubuchny, et al. Noninvasive Pacemaker Stress Echo-
cardiography for Diagnosis of Coronary Artery Disease, A Multicenter Study.
J Am Coll Cardiol. 2002;40:1305e1310.

135. Ciaroni S, Bloch A, Albrecht L, et al. Diagnosis of Coronary Artery Disease in
Patients with Permanent Cardiac Pacemaker by Dobutamine Stress Echocar-
diography or Exercise Thallium -201 Myocardial Tomography. Echocardiog-
raphy. 2000;17:675e679.

136. Poldermans D, Bax JJ, Elhendy A, et al. Long-term prognostic value of
dobutamine stress echocardiography in patients with atrial fibrillation. Chest.
2001;119:144e149.

137. Marwick TH, Case C, Vasey C, Allen S, Short L, Thomas JD. Prediction of
mortality by exercise echocardiography: a strategy for combination with the
duke treadmill score. Circulation. 2001;103:2566e2571.

138. McCully RB, Roger VL, Mahoney DW, et al. Outcome after abnormal exercise
echocardiography for patients with good exercise capacity: prognostic
importance of the extent and severity of exercise-related left ventricular
dysfunction. J Am Coll Cardiol. 2002;39:1345e1352.

139. Metz LD, Beattie M, Hom R, Redberg RF, Grady D, Fleischmann KE. The
prognostic value of normal exercise myocardial perfusion imaging and ex-
ercise echocardiography: a meta-analysis. J Am Coll Cardiol. 2007;49:
227e237.

140. Sicari R, Pasanisi E, Venneri L, Landi P, Cortigiani L, Picano E. Echo Persantine
International Cooperative (EPIC) Study Group; Echo Dobutamine Interna-
tional Cooperative (EDIC) Study Group. Stress echo results predict mortality: a
large scale multicenter prospective international study. J Am Coll Cardiol.
2003;41:589e5895.

141. Marwick TH, Case C, Sawada S, et al. Prediction of mortality using dobutamine
echocardiography. J Am Coll Cardiol. 2001;37:754e760.

142. Sicari R, Landi P, Picano E, et al. EPIC (Echo Persantine International Cooper-
ative); EDIC (Echo Dobutamine International Cooperative) Study Group.
Exercise-electrocardiography and/or pharmacological stress echocardiogra-
phy for non-invasive risk stratication early after uncomplicated myocardial
infarction.A prospective international large scale multicentre study. Eur Heart
J. 2002;23:1030e1037.

143. Yao SS, Oureshi E, Sherrid MV, Chaudhry FA. Practical applications in stress
echocardiography: risk stratification and prognosis in patients with known or
suspected ischemic heart disease. J Am Coll Cardiol. 2003;42:1084e1090.

144. The ESC Textbook of Cardiovascular Imaging - Second Edition Jos�e Luis
Zamorano, Jeroen Bax, Juhani Knuuti, Udo Sechtem, Patrizio Lancellotti, and
Luigi Badano.

145. Scali MC, Zagatina A, Ciampi Q, et al. Stress Echo 2020 Study Group of the
Italian Society of Echocardiography and Cardiovascular Imaging. Lung Ultra-
sound and Pulmonary Congestion During Stress Echocardiography. JACC
Cardiovasc Imaging. 2020;13:2085e2095.

146. Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/AHA guideline on
perioperative cardiovascular evaluation and management of patients under-
going noncardiac surgery: executive summary: a report of the American
College of Cardiology/American Heart Association Task Force on Practice
Guidelines. Circulation. 2014;130:2215e2245.

147. Nagueh SF, Smiseth OA, Appleton CP, et al. Recommendations for the
Evaluation of Left Ventricular Diastolic Function by Echocardiography:
An Update from the American Society of Echocardiography and the
26
European Association of Cardiovascular Imaging. J Am Soc Echocardiogr :
official publication of the American Society of Echocardiography. 2016;29:
277e314.

148. Obokata M, Kane GC, Reddy YN, Olson TP, Melenovsky V, Borlaug BA. Role of
diastolic stress testing in the evaluation for heart failure with preserved
ejection fraction: a simultaneous invasive-echocardiographic study. Circula-
tion. 2017;135:825e838.

149. Lancellotti P, Galderisi M, Edvardsen T, et al. Echo-Doppler estimation of left
ventricular filling pressure: results of the multicentre EACVI Euro-Filling
study. Eur Heart J Cardiovasc Imaging. 2017;18:961e968.

150. Pieske B, Tsch€ope C, de Boer RA, et al. How to diagnose heart failure with
preserved ejection fraction: the HFA-PEFF diagnostic algorithm: a consensus
recommendation from the Heart Failure Association (HFA) of the European
Society of Cardiology (ESC). Eur J Heart Fail. 2020;22:391e412.

151. Fitzgerald BT, Presneill JJ, Scalia IG, et al. The Prognostic Value of the Diastolic
Stress Test in Patients Undergoing Treadmill Stress Echocardiography. J Am
Soc Echocardiogr : official publication of the American Society of Echocardiog-
raphy. 2019;32:1298e1306.

152. Shim CY, Kim SA, Choi D, et al. Clinical outcomes of exercise-induced pul-
monary hypertension in subjects with preserved left ventricular ejection
fraction: implication of an increase in left ventricular filling pressure during
exercise. Heart (British Cardiac Society). 2011;97:1417e1424.

153. Salem JE, Laveau F, Ceccaldi A, et al. Impact of negative inotropic drugs on
accuracy of diastolic stress echocardiography for evaluation of left ventricular
filling pressure. Sci Rep. 2017;7:9537.

154. Sunderji I, Singh V, Fraser AG. When does the E/e' index not work? The pitfalls
of oversimplifying diastolic function. Echocardiography. 2020;37:1897e1907.

155. Bonow RO. Aortic regurgitation: time to reassess timing of valve replace-
ment? JACC Cardiovasc Imaging. 2011;4:231e233.

156. Wahi S, Haluska B, Pasquet A, Case C, Rimmerman CM, Marwick TH. Exercise
echocardiography predicts development of left ventricular dysfunction in
medically and surgically treated patients with asymptomatic severe aortic
regurgitation. Heart. 2000;84:606e614.

157. Park SJ, Enriquez-Sarano M, Song JE, et al. Contractile reserve determined on
exercise echocardiography in patients with severe aortic regurgitation. Circ J.
2013;77:2390e2398.

158. Kusunose K, Agarwal S, Marwick TH, Griffin BP, Popovic ZB. Decision making
in asymptomatic aortic regurgitation in the era of guidelines: incremental
values of resting and exercise cardiac dysfunction. Circ Cardiovasc Imaging.
2014;7:352e362.

159. Henri C, Pierard LA, Lancellotti P, Mongeon FP, Pibarot P, Basmadjian AJ. Ex-
ercise testing and stress imaging in valvular heart disease. Can J Cardiol.
2014;30:1012e1026.

160. Lancelloti P, Dulgheru R, Go YY, et al. Stress echocardiography in patients with
native valvular heart disease. Heart. 2018;104:807e813.

161. Otto CM. Timing of aortic valve surgery. Heart. 2000;84:211e218.
162. Minners J, Allgeier M, Gohlke-Baerwolf C, Kienzle RP, Neumann FJ, Jander N.

Inconsistencies of echocardiographic criteria for the grading of aortic valve
stenosis. Eur Heart J. 2008;29:1043e1048.

163. Lancellotti P, Karsera D, Tumminello G, Lebois F, Pierard LA. Determinants of
an abnormal response to exercise in patients with asymptomatic valvular
aortic stenosis. Eur J Echocardiogr. 2008;9:338e343.

164. Magne J, Lancellotti P, Pierard LA. Exercise testing in asymptomatic severe
aortic stenosis. JACC Cardiovasc Imaging. 2014;7:188e199.

165. deFilippi CR, Willett DL, Brickner ME, et al. Usefulness of dobutamine echo-
cardiography in distinguishing severe from nonsevere valvular aortic stenosis
in patients with depressed left ventricular function and low transvalvular
gradients. Am J Cardiol. 1995;75:191e194.

166. Pellikka PA, Nagueh SF, Elhendy AA, Kuehl CA, Sawada SG, American Society
of E. American Society of Echocardiography recommendations for perfor-
mance, interpretation, and application of stress echocardiography. J Am Soc
Echocardiogr. 2007;20:1021e1041.

167. Levy F, Laurent M, Monin JL, et al. Aortic valve replacement for low-flow/low-
gradient aortic stenosis operative risk stratification and long-term outcome: a
European multicenter study. J Am Coll Cardiol. 2008;51:1466e1472.

168. Clavel MA, Burwash IG, Mundigler G, et al. Validation of conventional and
simplified methods to calculate projected valve area at normal flow rate in
patients with low flow, low gradient aortic stenosis: the multicenter TOPAS
(True or Pseudo Severe Aortic Stenosis) study. J Am Soc Echocardiogr. 2010;23:
380e386.

169. Annabi MS, Touboul E, Dahou A, et al. Dobutamine Stress Echocardiography
for Management of Low-Flow, Low-Gradient Aortic Stenosis. J Am Coll Cardiol.
2018;71:475e485.

170. Ribeiro HB, Lerakis S, Gilard M, et al. Transcatheter Aortic Valve Replacement
in Patients With Low-Flow, Low-Gradient Aortic Stenosis: The TOPAS-TAVI
Registry. J Am Coll Cardiol. 2018;71:1297e1308.

171. Delgado V, Clavel MA, Hahn RT, et al. How do we reconcile echocardiography,
computed tomography, and hybrid imaging in assessing discordant grading of
aortic stenosis severity? JACC Cardiovasc Imaging. 2019;12:267e282.

172. Pawade T, Clavel MA, Tribouilloy C, et al. Computed tomography aortic valve
calcium scoring in patients with aortic stenosis. Circ Cardiovasc Imaging.
2018;11, e007146.

http://refhub.elsevier.com/S1109-9666(21)00148-2/sref125
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref125
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref125
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref125
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref126
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref126
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref126
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref126
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref127
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref127
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref127
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref128
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref128
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref128
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref128
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref129
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref129
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref129
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref129
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref129
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref129
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref130
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref130
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref130
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref130
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref131
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref131
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref131
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref131
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref131
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref132
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref132
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref132
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref132
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref133
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref133
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref133
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref133
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref133
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref133
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref134
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref134
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref134
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref134
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref135
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref135
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref135
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref135
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref135
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref136
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref136
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref136
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref136
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref137
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref137
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref137
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref137
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref138
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref138
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref138
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref138
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref138
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref139
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref139
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref139
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref139
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref139
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref140
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref140
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref140
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref140
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref140
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref140
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref141
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref141
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref141
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref142
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref142
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref142
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref142
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref142
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref142
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref142
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref143
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref143
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref143
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref143
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref145
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref145
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref145
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref145
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref145
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref146
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref146
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref146
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref146
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref146
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref146
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref147
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref147
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref147
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref147
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref147
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref147
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref147
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref148
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref148
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref148
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref148
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref148
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref149
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref149
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref149
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref149
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref150
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref150
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref150
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref150
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref150
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref150
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref151
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref151
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref151
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref151
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref151
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref152
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref152
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref152
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref152
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref152
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref153
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref153
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref153
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref154
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref154
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref154
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref155
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref155
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref155
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref156
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref156
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref156
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref156
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref156
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref157
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref157
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref157
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref157
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref158
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref158
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref158
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref158
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref158
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref159
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref159
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref159
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref159
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref160
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref160
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref160
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref161
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref161
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref162
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref162
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref162
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref162
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref163
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref163
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref163
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref163
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref164
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref164
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref164
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref165
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref165
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref165
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref165
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref165
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref166
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref166
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref166
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref166
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref166
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref167
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref167
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref167
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref167
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref168
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref168
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref168
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref168
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref168
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref168
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref169
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref169
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref169
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref169
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref170
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref170
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref170
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref170
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref171
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref171
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref171
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref171
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref172
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref172
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref172


N.P.E. Kadoglou, C.H. Papadopoulos, K.G. Papadopoulos et al. Hellenic Journal of Cardiology xxx (xxxx) xxx
173. Garbi M, Chambers J, Vannan MA, Lancellotti P. Valve Stress Echocardiogra-
phy: A practical guide for referral, procedure, reporting, and clinical imple-
mentation of results from the HAVEC Group. JACC Cardiovasc Imaging. 2015;8:
724e736.

174. Tunick PA, Freedberg RS, Gargiulo A, Kronzon I. Exercise Doppler echocardi-
ography as an aid to clinical decision making in mitral valve disease. J Am Soc
Echocardiogr. 1992;5:225-230.

175. Sharma V, Newby DE, Stewart RA, et al. Exercise stress echocardiography in
patients with valvular heart disease. Echo Res Pract. 2015;2:89-98.

176. Naeije R, Saggar R, Badesch D, et al. Exercise-Induced Pulmonary Hyperten-
sion: Translating Pathophysiological Concepts Into Clinical Practice. Chest.
2018;154:10-15.

177. Brochet E, D�etaint D, Fondard O, et al. Early hemodynamic changes versus
peak values: what is more useful to predict occurrence of dyspnea during
stress echocardiography in patients with asymptomatic mitral stenosis? J Am
Soc Echocardiogr. 2011;24:392-398.

178. Gentry 3rd JL, Parikh PK, Alashi A, et al. Characteristics and outcomes in a
contemporary group of patients with suspected significant mitral stenosis
undergoing treadmill stress echocardiography. Circ Cardiovasc Imaging. 2019
Jun;12, e009062.

179. Grimaldi A, Olivotto I, Figini F, et al. Dynamic assessment of 'valvular reserve
capacity' in patients with rheumatic mitral stenosis. Eur Heart J Cardiovasc
Imaging. 2012;13:476-482.

180. Izgi C, Ozdemir N, Cevik C, et al. Mitral valve resistance as a determinant of
resting and stress pulmonary artery pressure in patients with mitral stenosis:
a dobutamine stress study. J Am Soc Echocardiogr. 2007;20:1160-1166.

181. Hecker SL, Zabalgoitia M, Ashline P, Oneschuk L, O'Rourke RA, Herrera CJ.
Comparison of exercise and dobutamine stress echocardiography in assessing
mitral stenosis. Am J Cardiol. 1997;80:1374-1377.

182. Reis G, Motta MS, Barbosa MM, Esteves WA, Souza SF, Bocchi EA. Dobutamine
stress echocardiography for noninvasive assessment and risk stratification
of patients with rheumatic mitral stenosis. J Am Coll Cardiol. 2004;43:
393-401.

183. Roshdy HS, Meshrif AM, El-Dosouky II . Value of the mitral valve resistance in
evaluation of symptomatic patients with mild and moderate mitral stenosis–a
dobutamine stress echocardiographic study. Echocardiography. 2014;31:347-
352.

184. Writing Committee Members, Otto CM, Nishimura RA, Bonow RO, 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.
J Am Coll Cardiol. 2021;77:450e500.

185. Stoddard MF, Prince CR, Dillon S, Longaker RA, Morris GT, Liddell NE. Exer-
cise-induced mitral regurgitation is a predictor of morbid events in subjects
with mitral valve prolapse. J Am Coll Cardiol. 1995;25:693e699.

186. Magne J, Lancellotti P, Pi�erard LA. Exercise-induced changes in degenerative
mitral regurgitation. J Am Coll Cardiol. 2010;56:300e309.

187. Biner S, Rafique A, Rafii F, et al. Reproducibility of proximal isovelocity surface
area, vena contracta, and regurgitant jet area for assessment of mitral
regurgitation severity. JACC Cardiovasc Imaging. 2010;3:235e243.

188. Coisne A, Levy F, Malaquin D, et al. Feasibility of Doppler hemodynamic
evaluation of primary and secondary mitral regurgitation during exercise
echocardiography. Int J Cardiovasc Imag. 2015;31:291e299.

189. Pecini R, Dalsgaard M, Møller DV, et al. Moderate exercise does not increase
the severity of mitral regurgitation due to mitral valve prolapse. Echocardi-
ography. 2010;27:1031e1037.

190. Lebrun F, Lancellotti P, Pi�erard LA. Quantitation of functional mitral regurgi-
tation during bicycle exercise in patients with heart failure. J Am Coll Cardiol.
2001;38:1685e1692.

191. Suzuki T, Izumo M, Suzuki K, et al. Prognostic value of exercise stress echo-
cardiography in patients with secondary mitral regurgitation: a long-term
follow-up study. J Echocardiogr. 2019;17:147e156.

192. Suzuki K, Izumo M, Yoneyama K, et al. Influence of exercise-induced pul-
monary hypertension on exercise capacity in asymptomatic degenerative
mitral regurgitation. J Cardiol. 2015;66:246e252.

193. Misra D, Kendes A, Sulica R, Carabello B. Exercise-induced pulmonary hy-
pertension by stress echocardiography: Prevalence and correlation with right
heart hemodynamics. Int J Cardiol. 2017;228:518e522.

194. Hamatani Y, Amaki M, Yonezawa R, et al. Prevalence, determinants, and
prognostic significance of exercise-induced pulmonary hypertension in pa-
tients with hypertrophic cardiomyopathy. Int J Cardiovasc Imag. 2019;35:
837e844.

195. Utsunomiya H, Hidaka T, Susawa H, et al. Exercise-stress echocardiography
and effort intolerance in asymptomatic/minimally symptomatic patients with
degenerative mitral regurgitation combined invasive-noninvasive hemody-
namic monitoring. Circ Cardiovasc Imaging. 2018;11, e007282.

196. Kovacs G, Herve P, Barbera JA, et al. An official European Respiratory Society
statement: pulmonary haemodynamics during exercise. Eur Respir J. 2017;50:
1700578.

197. Kadoglou NPE, Papadopoulos CH, Krommydas A. The prognostic value of
exercise-induced pulmonary hypertension in asymptomatic patients with
primary mitral regurgitation. J Cardiol. 2022 Feb;79(2):306e310.

198. Kusunose K, Popovi�c ZB, Motoki H, Marwick TH. Prognostic significance of
exercise-induced right ventricular dysfunction in asymptomatic degenerative
mitral regurgitation. Circ Cardiovasc Imaging. 2013;6:167-176.
27
199. Lee R, Haluska B, Leung DY, Case C, Mundy J, Marwick TH. Functional and
prognostic implications of left ventricular contractile reserve in patients with
asymptomatic severe mitral regurgitation. Heart. 2005;91:1407e1412.

200. Donal E, Mascle S, Brunet A, et al. Prediction of left ventricular ejection
fraction 6 months after surgical correction of organic mitral regurgitation: the
value of exercise echocardiography and deformation imaging. Eur Heart J
Cardiovasc Imaging. 2012;13:922e930.

201. Iung B, Delgado V, Rosenhek R, et al, EORP VHD II Investigators. Contemporary
Presentation and Management of Valvular Heart Disease: The EURObserva-
tional Research Programme Valvular Heart Disease II Survey. Circulation.
2019;140:1156e1169.

202. Unger P, Pibarot P, Tribouilloy C, et al. Multiple and Mixed Valvular Heart
Diseases. Circ Cardiovasc Imaging. 2018;11, e007862.

203. Tischler MD, BattleRW, Saha M, Niggel J, LeWinter MM. Observations sug-
gesting a high incidence of exercise-induced severe mitral regurgitation in
patients with mild rheumatic mitral valve disease at rest. J Am Coll Cardiol.
1994;25:128e133.

204. Clavel MA, Magne J, Pibarot P. Low-gradient aortic stenosis. Eur Heart J.
2016;37:2645e2657.

205. Clavel MA, Ennezat PV, Mar�echaux S, et al. Stress echocardiography to assess
stenosis severity and predict outcome in patients with paradoxical low-flow,
low-gradient aortic stenosis and preserved LVEF. JACC Cardiovasc Imaging.
2013;6:175e183.

206. Reis G, Motta MS, Barbosa MM, Esteves WA, Souza SF, Bocchi EA. Dobut-
amine stress echocardiography for noninvasive assessment and risk strati-
fication of patients with rheumatic mitral stenosis. J Am Coll Cardiol.
2004;43:393e401.

207. Zoghbi WA, Chambers JB, Dumesnil JG, et al. Recommendations for Evalu-
ation of Prosthetic Valves With Echocardiography and Doppler Ultrasound:
A Report From the American Society of Echocardiography's Guidelines and
Standards Committee and the Task Force on Prosthetic Valves, Developed in
Conjunction With the American College of Cardiology Cardiovascular Im-
aging Committee, Cardiac Imaging Committee of the American Heart Asso-
ciation, the European Association of Echocardiography, a Registered Branch
of the European Society of Cardiology, the Japanese Society of Echocardi-
ography and the Canadian Society of Echocardiography, Endorsed by the
American College of Cardiology Foundation, American Heart Association,
European Association of Echocardiography, a Registered Branch of the Eu-
ropean Society of Cardiology, the Japanese Society of Echocardiography, and
Canadian Society of Echocardiography. J Am Soc Echocardiogr. 2009;22:
975e1014.

208. Picano E, Pibarot P, Lancellotti P, Monin JL, Bonow RO. The emerging role of
exercise testing and stress echocardiography in valvular heart disease. J Am
Coll Cardiol. 2009;54:2251e2260.

209. Magne J, Se�ne�chal M, Mathieu P, Dumesnil JG, Dagenais F, Pibarot P.
Restrictive annuloplasty for ischemic mitral regurgitation may induce func-
tional mitral stenosis. J Am Coll Cardiol. 2008;51:1692e1701.

210. Chan KL, Chen SY, Chan V, Hay K, Mesana T, Lam BK. Functional significance of
elevated mitral gradients after repair for degenerative mitral regurgitation.
Circ Cardiovasc Imaging. 2013;6:1041e1047.

211. Bertrand PB, Verbrugge FH, Verhaert D, et al. Mitral valve area during exercise
after restrictive mitral valve annuloplasty: importance of diastolic anterior
leaflet tethering. J Am Coll Cardiol. 2015;65:452e461.

212. Jansen R, Urgel K, Cramer MJ, et al. Reference values for physical stress
echocardiography in asymptomatic patients after mitral valve repair. Front
Surg. 2018;5:6.

213. Duncan AM, Francis DP, Gibson DG, Henein MY. Differentiation of ischemic
from nonischemic cardiomyopathy during dobutamine stress by left ven-
tricular long-axis function: additional effect of left bundle-branch block. Cir-
culation. 2003;108:1214e1220.

214. Cohen A, Chauvel C, Benhalima B, Guyon P, Desert I, Valty J. Is dobutamine
stress echocardiography useful for noninvasive differentiation of ischemic
from idiopathic dilated cardiomyopathy? Angiology. 1997;48:783e793.

215. Ryerson AB, Border WL, Wasilewski-Masker K, et al. Assessing anthracycline-
treated childhood cancer survivors with advanced stress echocardiography.
Pediatr Blood Canc. 2015;62:502e508.

216. Civelli M, Cardinale D, Martinoni A, et al. Early reduction in left ventricular
contractile reserve detected by dobutamine stress echo predicts high-dose
chemotherapy-induced cardiac toxicity. Int J Cardiol. 2006;111:120e126.

217. Hennessy TG, Codd MB, Kane G, McCarthy C, McCann HA, Sugrue DD. Safety of
dobutamine stress echocardiography in 474 consecutive studies. Coron Artery
Dis. 1997;8:175e178.

218. Waddingham PH, Bhattacharyya S, Zalen JV, Lloyd G. Contractile reserve as a
predictor of prognosis in patients with non-ischaemic systolic heart failure
and dilated cardiomyopathy: a systematic review and meta-analysis. Echo
research and practice. 2018;5:1e9.

219. Ciampi Q, Pratali L, Citro R, Piacenti M, Villari B, Picano E. Identification of
responders to cardiac resynchronization therapy by contractile reserve during
stress echocardiography. Eur J Heart Fail. 2009;11:489e496.

220. Stipac AV, Otasevic P, Popovic ZB, et al. Prognostic significance of contractile
reserve assessed by dobutamine-induced changes of Tei index in patients
with idiopathic dilated cardiomyopathy. Eur J Echocardiogr : the journal of the
Working Group on Echocardiography of the European Society of Cardiology.
2010;11:264e270.

http://refhub.elsevier.com/S1109-9666(21)00148-2/sref173
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref173
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref173
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref173
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref173
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref174
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref174
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref174
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref175
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref175
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref176
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref176
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref176
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref177
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref177
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref177
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref177
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref177
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref178
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref178
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref178
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref178
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref179
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref179
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref179
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref180
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref180
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref180
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref181
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref181
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref181
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref182
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref182
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref182
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref182
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref183
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref183
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref183
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref183
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref184
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref184
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref184
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref184
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref184
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref184
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref185
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref185
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref185
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref185
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref186
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref186
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref186
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref186
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref187
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref187
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref187
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref187
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref188
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref188
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref188
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref188
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref189
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref189
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref189
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref189
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref189
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref190
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref190
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref190
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref190
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref190
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref191
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref191
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref191
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref191
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref192
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref192
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref192
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref192
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref193
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref193
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref193
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref193
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref194
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref194
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref194
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref194
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref194
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref195
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref195
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref195
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref195
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref196
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref196
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref196
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref197
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref197
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref197
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref197
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref198
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref198
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref198
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref198
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref199
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref199
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref199
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref199
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref200
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref200
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref200
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref200
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref200
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref201
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref201
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref201
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref201
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref201
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref202
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref202
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref203
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref203
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref203
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref203
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref203
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref204
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref204
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref204
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref205
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref205
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref205
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref205
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref205
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref205
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref206
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref206
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref206
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref206
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref206
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref207
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref207
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref207
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref207
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref207
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref207
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref207
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref207
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref207
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref207
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref207
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref207
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref207
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref207
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref207
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref208
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref208
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref208
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref208
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref209
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref209
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref209
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref209
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref209
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref209
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref210
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref210
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref210
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref210
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref211
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref211
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref211
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref211
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref212
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref212
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref212
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref213
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref213
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref213
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref213
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref213
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref214
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref214
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref214
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref214
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref215
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref215
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref215
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref215
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref216
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref216
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref216
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref216
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref217
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref217
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref217
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref217
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref218
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref218
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref218
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref218
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref218
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref219
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref219
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref219
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref219
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref220
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref220
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref220
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref220
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref220
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref220


N.P.E. Kadoglou, C.H. Papadopoulos, K.G. Papadopoulos et al. Hellenic Journal of Cardiology xxx (xxxx) xxx
221. Pratali L, Otasevic P, Neskovic A, Molinaro S, Picano E. Prognostic value of
pharmacologic stress echocardiography in patients with idiopathic dilated
cardiomyopathy: a prospective, head-to-head comparison between dipyr-
idamole and dobutamine test. J Card Fail. 2007;13:836e842.

222. Pinamonti B, Perkan A, Di Lenarda A, Gregori D, Sinagra G. Dobutamine
echocardiography in idiopathic dilated cardiomyopathy: clinical and prog-
nostic implications. Eur J Heart Fail. 2002;4:49e61.

223. Ramahi TM, Longo MD, Cadariu AR, et al. Dobutamine-induced augmentation
of left ventricular ejection fraction predicts survival of heart failurepatientswith
severe non-ischaemic cardiomyopathy. Eur Heart J. 2001;22:849e856.

224. Parthenakis FI, Patrianakos AP, Haritakis CN, Zacharis EA, Nyktari EG,
Vardas PE. NT-proBNP response to dobutamine stress echocardiography
predicts left ventricular contractile reserve in dilated cardiomyopathy. Eur J
Heart Fail. 2008;10:475e481.

225. Millar LM, Fanton Z, Finocchiaro G, et al. Differentiation between athlete's
heart and dilated cardiomyopathy in athletic individuals. Heart. 2020;106:
1059e1065.

226. Elliott PM, Anastasakis A, Borger MA, et al. 2014 ESC Guidelines on diagnosis
and management of hypertrophic cardiomyopathy: the Task Force for the
Diagnosis and Management of Hypertrophic Cardiomyopathy of the European
Society of Cardiology (ESC). Eur Heart J. 2014;35:2733e2779.
28
227. Reant P, Dufour M, Peyrou J, et al. Upright treadmill vs. semi-supine bicycle
exercise echocardiography to provoke obstruction in symptomatic hyper-
trophic cardiomyopathy: a pilot study. Eur Heart J Cardiovasc Imaging.
2018;19:31e38.

228. Meimoun P, Benali T, Sayah S, Luycx-Bore A, Maitre B, Tribouilloy C. Signifi-
cance of systolic anterior motion of the mitral valve during dobutamine stress
echocardiography. J Am Soc Echocardiogr : official publication of the American
Society of Echocardiography. 2005;18:49e56.

229. Sheikh KH, Pearce FB, Kisslo J. Use of Doppler echocardiography and amyl
nitrite inhalation to characterize left ventricular outflow obstruction in hy-
pertrophic cardiomyopathy. Chest. 1990;97:389e395.

230. Peteiro J, Fernandez X, Bouzas-Mosquera A, et al. Exercise echocardiography
and cardiac magnetic resonance imaging to predict outcome in patients with
hypertrophic cardiomyopathy. Eur Heart J Cardiovasc Imaging. 2015;16:
423e432.

231. Ciampi Q, Olivotto I, Gardini C, et al. Prognostic role of stress echocardiog-
raphy in hypertrophic cardiomyopathy: The International Stress Echo Regis-
try. Int J Cardiol. 2016;219:331e338.

232. Okeie K, Shimizu M, Yoshio H, et al. Left ventricular systolic dysfunction
during exercise and dobutamine stress in patients with hypertrophic car-
diomyopathy. J Am Coll Cardiol. 2000;36:856e863.

http://refhub.elsevier.com/S1109-9666(21)00148-2/sref221
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref221
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref221
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref221
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref221
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref222
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref222
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref222
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref222
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref223
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref223
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref223
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref223
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref224
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref224
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref224
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref224
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref224
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref225
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref225
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref225
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref225
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref226
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref226
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref226
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref226
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref226
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref227
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref227
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref227
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref227
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref227
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref228
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref228
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref228
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref228
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref228
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref229
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref229
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref229
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref229
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref230
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref230
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref230
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref230
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref230
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref231
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref231
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref231
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref231
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref232
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref232
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref232
http://refhub.elsevier.com/S1109-9666(21)00148-2/sref232

	Updated knowledge and practical implementations of stress echocardiography in ischemic and non-ischemic cardiac diseases: A ...
	1. Information about the consensus document
	2. Scope of the consensus document
	3. Methodology of consensus document and status of consensus recommendations
	4. Theoretical framework of stress echocardiography
	4.1. Introduction-History of stress echocardiography
	4.2. Indications
	4.3. Contraindications of stress echocardiography
	4.4. Complications of stress echocardiography and safety issues
	4.5. Training requirements
	4.5.1. Training in stress echocardiography
	4.5.2. Training in contrast echocardiography
	4.5.3. Certification
	4.5.4. Echocardiography laboratory accreditation


	5. Test preparation, performance, and interpretation
	5.1. Staff and lab requirements
	5.2. Drugs
	5.3. Patient preparation and informed consent
	5.4. Comparative evaluation of exam protocols
	5.4.1. Exam protocols in ischemic heart disease
	5.4.2. Exam protocols in non-ischemic heart diseases

	5.5. Images acquisition, analysis, and interpretation
	5.5.1. Images acquisition and analysis in ischemic heart disease
	5.5.2. Images acquisition and analysis in nonischemic heart diseases

	5.6. Criteria for protocol completion
	5.7. Reporting
	5.8. Image enhancement with contrast agents
	5.9. Assessment of coronary flow reserve
	5.10. Additive value of 3D-echo in stress echocardiography
	5.11. 2D Strain-Speckle tracking Imaging

	6. Stress echocardiography in ischemic heart disease
	6.1. Pathophysiology of ischemia
	6.2. Stress echocardiography and nonobstructive coronary arteries
	6.2.1. Ischemia with nonobstructive coronary arteries
	6.2.2. Management of “false results” in stress echocardiography

	6.3. Accuracy of stress echocardiography and comparison with other imaging modalities
	6.4. Ischemic cardiomyopathy-viability assessment
	6.4.1. Protocols, methods, and technical considerations
	6.4.2. Detection of regional myocardial viability
	6.4.3. Quantification of global myocardial viability and criteria for intervention
	6.4.4. 2D Strain-speckle tracking imaging in myocardial viability

	6.5. Stress echocardiography in special conditions
	6.5.1. Left bundle branch block
	6.5.2. Pacemaker-dependent patients
	6.5.3. Atrial Fibrillation

	6.6. Stress echocardiography for risk stratification, prognosis, and preoperative evaluation
	6.6.1. Risk stratification and prognosis
	6.6.2. Preoperative evaluation


	7. Stress echocardiography in nonischemic cardiac disease
	7.1. Diastolic stress test echocardiography (DSTE)
	7.1.1. Assessment of diastolic dysfunction
	7.1.2. Heart failure with preserved ejection fraction (HFpEF) diagnosis
	7.1.3. Other useful findings during DSTE
	7.1.4. Limitations of DSTE

	7.2. Stress echocardiography in aortic regurgitation (AR)
	7.2.1. Asymptomatic patients with severe AR
	7.2.2. Symptomatic patients with nonsevere AR

	7.3. Stress echocardiography in aortic stenosis (AS)
	7.3.1. Asymptomatic patients with high gradient severe AS
	7.3.2. Classical LF/LG severe AS with reduced ejection fraction
	7.3.3. Low-gradient AS with preserved ejection fraction
	7.3.3.1. Paradoxical LF/LG severe AS with preserved ejection fraction
	7.3.3.2. Normal flow, low-gradient (NF/LG) severe AS with preserved ejection fraction


	7.4. Stress echocardiography in mitral stenosis (MS)
	7.4.1. Asymptomatic patients with moderate or severe MS
	7.4.2. Symptomatic patients with moderate MS

	7.5. Stress echocardiography in mitral regurgitation (MR)
	7.5.1. Symptoms development in asymptomatic patients with moderate or severe MR
	7.5.2. Exercise-induced changes in MR severity
	7.5.3. Exercise-induced pulmonary hypertension (EIPH)
	7.5.4. Tricuspid annular plane systolic excursion (TAPSE)
	7.5.5. Contractile reserve (CR)

	7.6. Stress echocardiography in multivalvular or mixed valvular heart disease
	7.7. Stress echocardiography in prosthetic valves
	7.8. Stress echocardiography in cardiomyopathies
	7.8.1. Dilated cardiomyopathy (DCM)
	7.8.2. Hypertrophic cardiomyopathy (HCM)


	8. Summary
	Appendix A. Supplementary data
	References


