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Summary The exercise test is performed routinely in cardiology; its main indication is the
diagnosis of myocardial ischemia, evaluated along with the subject’s pretest probability and
cardiovascular risk level. Other criteria, such as analysis of repolarization, must be taken into
consideration during the interpretation of an exercise test, to improve its predictive value.
An exercise test is also indicated for many other cardiac diseases (e.g. rhythm and conduc-
tion disorders, severe asymptomatic aortic stenosis, hypertrophic cardiomyopathy, peripheral
artery disease, hypertension). Moreover, an exercise test may be indicated for specific popula-
tions (women, the elderly, patients with diabetes mellitus, patients in a preoperative context,
asymptomatic patients and patients with congenital heart defects). Some cardiac diseases (such
as chronic heart failure or arterial pulmonary hypertension) require a cardiopulmonary exer-
cise test. Finally, an exercise test or a cardiopulmonary exercise test is indicated to prescribe
a cardiac rehabilitation programme, adapted to the patient.

Résumé Le test d’effort est un examen couramment pratiqué en cardiologie. L’indication
principale est |’évaluation de !’ischémie myocardique en fonction de la probabilité prétest
et du niveau de risque d’événement cardiovasculaire. Au-dela de ’analyse de la repolarisa-
tion, d’autres critéres doivent étre pris en considération pour améliorer sa valeur prédictive.
Le test d’effort est aussi indiqué dans d’autres pathologies cardiaques (comme les troubles
du rythme et de la conduction, le rétrécissement aortique asymptomatique sévéere, les car-
diomyopathies hypertrophiques, ’artérite des membres inférieurs, ’hypertension artérielle)
et dans des populations particulieres (femmes, sujets agés, diabétiques, en préopératoire,
chez les sujets asymptomatiques et dans les cardiopathies congénitales). Certaines pathologies
(comme Uinsuffisance cardiaque et |’hypertension pulmonaire) nécessitent un test d’effort avec
la mesure des gaz expirés. Enfin, le test d’effort et la mesure des gaz expirés sont indispensables
pour prescrire un programme de réadaptation.

in cardiology, with respect to different classes (Table 1) and
evidence levels (Table 2).

Given that the current French guidelines date from 1997,
the Groupe exercice readaptation et sport (GERS; Exercise
Rehabilitation and Sport Group) has decided to publish new
guidelines, taking into account the various works that have
been published over the past decades [1,2]. Part 1 of these
new guidelines provides an overview of the safety condi-
tions and methodology required to perform and interpret
an exercise test (ET) or a cardiopulmonary ET (CPET); here,
part 2 focuses on the extended indications for ETs and CPETs

ET for coronary artery disease

Coronary artery disease (CAD) is the main indication for an
ET in cardiology. The indication for a diagnostic ET is based
on the pretest probability of CAD (Fig. 1).

The clinical pretest probability of CAD is evaluated based
on age, sex and type of pain involved [3]. Angina is defined



Table 1

Recommendation classes.

Recommendation class Definition

Suggested wording to use

Class |

Class Il

Class lla

Class IIb

Class Il

Evidence and/or general agreement that a given treatment
or procedure is beneficial, useful/effective

Conflicting evidence and/or a divergence of opinion about
the usefulness/efficacy of the given treatment or
procedure

Weight of evidence/opinion is in favor of
usefulness/efficacy

Usefulness/efficacy is less well established by
evidence/opinion

Evidence and/or general agreement that the given
treatment or procedure is not useful/effective, and in
some cases may be harmful

Is recommended/is indicated

Should be considered
May be considered

Is not recommended

Table 2 Levels of evidence.

Level of evidence A
Level of evidence B
Level of evidence C

Data derived from multiple randomized clinical trials or meta-analyses

Data derived from a single randomized clinical trial or large non-randomized studies
Consensus of opinion of the experts and/or small studies, retrospective studies, registries

Figure 1.
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Table 3 Clinical pretest probability of coronary artery disease, modified according to [3].

Age (years)

Typical angina

Atypical angina

Angina unlikely

Men Women Men Women Men Women
30-39 Intermediate Intermediate Intermediate Low Intermediate Low
40—49 High Intermediate Intermediate Low Intermediate Low
50-59 High Intermediate Intermediate Intermediate Intermediate Low
60—69 High Intermediate Intermediate Intermediate Intermediate Intermediate
70—79 Very high High High Intermediate Intermediate Intermediate
>80 Very high High High Intermediate Intermediate Intermediate

Low: <15%; intermediate: 15—65%; high: 66—85%; very high: > 85%.

by three criteria: retrosternal constrictive chest pain trig-
gered by exertion, digestion or emotional stress; pain lasting
several minutes (<20 minutes); and pain relieved by rest or
nitroglycerin use. The angina is typical when all three crite-
ria are met, atypical when only two criteria are present, and
unlikely otherwise. The pretest probability can be stratified
as low, intermediate or high, depending on the symptoms,
age and sex of a given patient (Table 3).

In addition, consideration of associated cardiovascular
risk factors will allow the pretest probability of CAD to be
better defined [4]. The cardiovascular risk estimation should
be stratified, according to the European Society of Cardiol-
ogy guidelines, into low, moderate, high or very high risk
(Table 4) [5].

In most cases, the ET is the first-line diagnostic test for
CAD. Imaging techniques should be used when an interme-
diate probability persists after the ET [6,7]. An imaging
diagnostic test is indicated as first line when the elec-
trocardiogram is not interpretable (Fig. 1). Of note, a
pharmacological stress test should be favored in the case
of physical inability.

During an acute coronary syndrome, an ET may be per-
formed 6 hours after the onset of symptoms, provided that
the clinical, biological and electrocardiographic variables
remain normal [8]. In such cases, or in the context of stable

angina, functional capacity constitutes a major variable for
assessment of prognosis.

Moreover, an ET allows a given patient’s cardiac rehabili-
tation programme to be better defined [9]. In this setting, an
ET may be safely performed as early as 1 week after coronary
revascularization (angioplasty or surgery) [10—12].

An ET may be used as a screening tool to assess the evo-
lution of CAD, as well as to optimize its medical treatment.
An ET is indicated in the context of relapsing angina or unex-
plained reduction in functional capacity [13] (Table 5).

ET for rhythm and conduction disorders

An ET is indicated in the context of syncope, palpitations,
family history of sudden cardiac death or hereditary arrhyth-
mogenic cardiovascular disease and any symptoms occurring
during effort [14].

In addition to assessing prognosis, an ET may help to
evaluate the efficacy of an antiarrhythmic treatment [2], as
well as confirm the proper function of an implanted cardiac
stimulator or defibrillator [15].

In the context of chronic atrial fibrillation, an ET provides
useful data, with the goal of optimizing ventricular rate [16].

Table 4 Cardiovascular risk categories, adapted according to [5].

Very high risk

Documented cardiovascular disease (previous AMI, ACS, coronary or arterial revascularization,
stroke/TIA, aortic aneurysm or PAD)

Cardiovascular disease imaging, such as significant plaque (coronary angiography or carotid

ultrasound)

Diabetes mellitus with target organ damage (proteinuria) or with major cardiovascular risk factor
Severe chronic kidney disease (GFR <30 mL/min/1.73 m?)

Calculated score > 10%
High risk

Markedly elevated single cardiovascular risk factors

Other people with diabetes mellitus (except young people with type | diabetes without major

cardiovascular risk factor)

Moderate chronic kidney disease (GFR 30—59 mL/min/1.73 m?)

Calculated score > 5% and < 10%
Calculated score > 1% and < 5%
Calculated score < 1%

Moderate risk
Low risk

ACS: acute coronary syndrome; AMI: acute myocardial infarction; GFR: glomerular filtration rate; PAD: peripheral artery disease; TIA:

transient ischemic attack.




Table 5 Exercise test indications in the context of coronary artery disease.

Diagnosis of CAD

An ET is recommended to investigate CAD when the clinical pretest A

probability is intermediate (Table 1), the resting electrocardiogram is

interpretable and the patient is able to perform physical exercise [3,6]

If the patient is taking an antianginal agent, treatment should be maintained lla C
while performing the ET; when the test is normal, a second test should be

considered after treatment withdrawal, given that safety measures are

taken?

When the pretest probability is high (Table 1), an ET should be performed to lla C
further define the degree of disease severity, providing an indication for
medical treatment or coronary angiography

When the clinical pretest probability is low (Table 1), an ET may be llb B
performed if the estimated cardiovascular risk is high or very high [4,5]
An ET may be performed beyond 6 hours after symptom onset in a patient IIb B

hospitalized for angina, provided that the clinical, biological and
electrocardiographic variables remain normal [8]

Evaluation of CAD

An ET or CPET is recommended to prescribe an adapted physical activity and I A

cardiac rehabilitation programme [9]
An ET should be performed after revascularization to assess the success of llaC
the intervention and serve as a reference for follow-up visits

CAD: coronary artery disease; CPET: cardiopulmonary exercise test; ET: exercise test.
@ The patient must be told to use sublingual nitroglycerin if chest pain occurs during daily activities, in which case a prompt cardiological

consultation is warranted.

Table 6 Exercise test indications in the context of rhythm or conduction disorders.

An ET is recommended for exercise-induced symptoms such as syncope, abnormal fatigue, palpitations IC

An ET should be considered for the evaluation of antiarrhythmic treatment efficacy (medication or ablation) llaC
An ET should be considered for fine tuning of implanted cardiac stimulators or defibrillators llaC
An ET may be considered for the evaluation of ventricular response in patients with atrial fibrillation IIb C
An ET may be considered for the evaluation of a pre-excitation electrocardiogram pattern Ilb C

ET: exercise test.

In case of congenital atrioventricular block, an ET can
evaluate the chronotropic response as well as functional
capacity; both of these factors are required when making
a decision about pacemaker implantation [17].

In the presence of a pre-excitation electrocardiogram
pattern, such as in Wolf-Parkinson-White syndrome, an ET
not only allows evaluation of a beat-to-beat disappearance
of the pre-excitation pattern (which would favor a benign
accessory pathway), but also assessment of atrial vulnera-
bility or the onset of re-entry tachycardia (Table 6) [18].

ET for evaluation of valvular diseases

An ET or cardiopulmonary exercise test (CPET) is included
in the work-up of significant, albeit asymptomatic, valvular
diseases, to objectify possible unrecognized symptoms and
better define management and prognosis.

An ET is recommended in asymptomatic patients with
severe aortic stenosis (surface <1cm? or <0.6cm?/m? or
maximal transvalvular velocity >4m/s or medium gradi-
ent>40mmHg). The ET may reveal atypical symptoms,
reduced functional capacity or an abnormal systolic blood
pressure (BP) response (decrease or increase of <20 mmHg)

[19]. Although rare, an ET can trigger arrhythmias. ST-
segment depressions occur frequently, but do not have any
diagnostic value for CAD. Two recent studies in small popu-
lations highlighted the added value of CPET in asymptomatic
patients with aortic stenosis. For these patients, surgery
may be discussed when the oxygen uptake (VO;) peak is < 85%
of the theoretical value or 14mL/min/kg, and the volume
of expired gas/carbon dioxide output (VE/VCO;) slope is > 34
[20,21]. ET and CPET are contraindicated in symptomatic
aortic stenosis [19] (Table 7).

Regarding other valvular pathologies (mitral stenosis,
mitral regurgitation, aortic regurgitation), an ET is indicated
when the clinical picture does not match the echocardio-
graphic findings.

ET for chronic heart failure

An ET (particularly a CPET) has a major role in the assess-
ment and follow-up of patients with chronic heart failure.
The CPET gives an objective evaluation of maximal exer-
cise capacity—the main prognostic factor for patients with
chronic heart failure. The VO, peak is the principal decision
criterion for cardiac transplantation [22—24]. A VO, peak




Table 7 Exercise test indications in the context of valvular diseases.

A CPET (or, if unavailable, an ET) should be considered in asymptomatic patients with severe aortic lla B
stenosis, to orient the therapeutic decision, given the occurrence of certain abnormalities (e.g. a
reduction in VO, peak, exercise angina, a reduction or <20 mmHg increase in systolic BP or ventricular

arrhythmia) [19—21]

A CPET (or, if unavailable, an ET) should be considered when the clinical picture does not match lla C
echocardiographic findings in the context of valvular disease, other than aortic stenosis
An ET is not recommended in symptomatic severe aortic stenosis [19] B

BP: blood pressure; CPET: cardiopulmonary exercise test; ET: exercise test.

Table 8 Exercise test indications in the context of chronic heart failure.

A CPET (or, if unavailable, an ET) is recommended to optimize exercise training programmes [9,23] IA
A CPET (or, if unavailable, an ET) is recommended to assess functional capacity, and to establish the 1C
indication for ventricular device implantation or heart transplantation [22,26]

A CPET (or, if unavailable, an ET) should be considered for assessment of unexplained dyspnea or lla C

myocardial ischemia in a patient with chronic heart failure

CPET: cardiopulmonary exercise test; ET: exercise test.

value < 11—-12mL/min/kg in a patient on beta-blockers (or
<14mL/min/kg without beta-blockers) is an indication for
transplantation.

The main variables to consider for outcome in chronic
heart failure include a low VO, peak value, an increased
VE/VCO; slope (>45), a low BP increase [25] and the obser-
vation of exercise ventilatory oscillations [26] — all of which
are markers of poor prognosis [24].

Other variables are proposed to refine the prognosis
assessment for patients with heart failure. The oxygen
uptake efficiency slope (a function derived from the slope
of VO, versus log VE) is usually decreased in the context
of marked chronic heart failure [26]. Moreover, circulatory
power (the product of the VO, peak and the maximal sys-
tolic BP) is reduced with more severe disease [25]. Of note,
ventilatory power (the ratio of systolic BP over the VE/VCO,
slope) allows a more accurate evaluation of right ventricular
and pulmonary functions [26] (Table 8).

ET for other cardiac diseases
Hypertrophic cardiomyopathy

A CPET (or, if unavailable, an ET) is indicated in the
prognostic assessment of hypertrophic cardiomyopathy, and
provides a useful aid in the therapeutic plan decision (alco-
hol septal ablation, septal myomectomy or transplantation)
[27]. The criteria for such a decision are a low VO, peak,
an increased VE/VCO,; slope [27], an abnormal systolic BP
response (decrease or plateau at peak effort) [28] or the
presence of a complex ventricular arrhythmia (particularly
in patients aged < 30 years) (Table 9) [29].

Pulmonary hypertension

In patients with either primary or secondary pulmonary
hypertension, a CPET should be preferred to an ET.
It is useful to note that pulmonary hypertension is no
longer considered as a contraindication to ET or CPET [2,
30].

A CPET, which provides additional diagnostic and prognos-
tic information to the 6-minute walk test, is recommended
at the time of diagnosis, during follow-up at 6-month to 12-
month intervals or in the context of worsening symptoms
[30] (Table 9).

The VO, peak and the VE/VCO; slope are two main factors
for patient risk stratification: a VO, peak>15mL/min/kg
(>65% of the predicted VO;) and a VE/VCO, slope <36
indicate low mortality at 1 vyear, whereas a VO,
peak <11 mL/kg/min (<35% predicted) and a VE/VCO,
slope > 45 are related to a high risk of complications [30].

Peripheral artery disease

Observation of a postexercise ankle pressure decrease can
objectify claudication, even if the resting ankle brachial
index is >0.90. An ankle pressure decrease of > 30 mm Hg (or
an ankle brachial index decrease of >20%) beyond 1 minute
of recovery is indicative of peripheral artery disease (PAD)
[31].

An ET with an arm ergometer may be an alternative to
the bicycle or treadmill to detect silent CAD in patients with
PAD [32].

An ET can also evaluate the impact of physical training in
a patient with PAD. An improvement in functional capacity
is a marker for good prognosis [33] (Table 9).



Table 9 Exercise test indications in the context of other cardiovascular diseases.

Hypertrophic cardiomyopathy

Pulmonary hypertension

PAD

Arterial hypertension

A CPET (or, if unavailable, an ET) should be considered to assess
functional capacity and prognostic markers, such as ventricular
arrhythmia and BP response to exercise [27—29]

An ET should be considered every 1—-2 years to follow up on BP
response and evaluate treatment efficacy

In patients with pulmonary hypertension, a CPET is recommended at
the time of diagnosis and at 6-month to 12-month intervals for
follow-up; a CPET should also be performed in the presence of
worsening symptoms; the VO, peak and VE/VCO; slope are used to
further stratify the patient’s risk [30]

With the use of a treadmill ergometer, an ET is indicated to objectify
claudication, to quantify the ischemia causing the symptoms and to
assess functional capacity (the main prognostic marker) [31,32]

An ET is indicated to prescribe and properly guide a physical activity
programme, adapted to the patient [33]

An ET is indicated in symptomatic hypertensive patients, presenting a
normal resting electrocardiogram, to diagnose coronary artery disease
[34]

An ET should be considered in all hypertensive patients to better define
prognosis (functional capacity, BP response) or to prescribe an adapted

lla B

llaC

physical activity programme (for leisure or professional purposes)

Diabetes mellitus

An ET is indicated for diagnosis of CAD in symptomatic patients with IB

diabetes whose resting electrocardiogram is normal and interpretable

[39]

An ET should be considered in sedentary patients with diabetes to lla B
screen for symptoms triggered by moderate/vigorous exercise and/or
to prescribe an adapted physical activity programme [40]

BP: blood pressure; CAD: coronary artery disease; CPET: cardiopulmonary exercise test; ET: exercise test, PAD: peripheral artery
disease; VE: volume of expired gas; VO;: oxygen uptake; VCO;: carbon dioxide output.

Arterial hypertension

The interpretation of an ET in patients with hypertension
with a normal resting electrocardiogram is similar to that
in subjects without hypertension. However, an elevated
systolic BP during exercise may increase the risk of false
positives [34]. A significant ST-segment depression may be
associated with left ventricular hypertrophy, even in the
absence of significant CAD [35]—highlighting the importance
of conducting a multivariable analysis in this patient popu-
lation (Table 9) (see part 1).

Diabetes mellitus

A patient’s cardiovascular risk increases depending on the
time lapse since the onset of diabetes, the patient’s age and
various associated risk factors. The ET must focus on assess-
ing the presence of myocardial ischemia, given that silent
ischemia exists in up to 30—35% of patients with diabetes
(Table 9) [36,37].

Chronotropic incompetence is frequent in diabetic
patients (33%), and is strongly correlated with a risk of major
adverse cardiac events [38].

Although an ET in patients with diabetes is of similar diag-
nostic and prognostic value for CAD as an ET in those without
diabetes, the symptoms in the diabetic population are less
typical [39,40].

Of note, measures must be taken to prevent hypo-
glycemia during the ET.

Specific populations
Before non-cardiac surgery

Complementary examinations are currently indicated for
some patients with a high preoperative risk [41]. The pre-
operative risk level depends on the patient’s co-morbidities
and the type of surgery performed (vascular surgery alone,
such as aortic or peripheral artery surgery, represents a
cardiac risk of >5%). A low ventilatory threshold value
(<11 mL/min/kg) and a peak VO, <16 mL/min/kg during a
CPET translate into a high perioperative risk (Table 10)
[42,43].

The female patient

Women often present atypical symptoms. Moreover, estro-
gen intake may modify some findings on the resting
electrocardiogram. The risk of mortality is doubled in
women who present with atypical symptoms and demon-
strate a functional capacity of <85% of the predicted value
[7,44].

A normal ET in a woman carries a strong negative pre-
dictive value. A first-line imaging stress test does not offer



Table 10 Exercise test indications in specific populations.

Non-cardiac surgery (preoperative context)

A CPET (or, if unavailable, an ET) should be considered in the lla B
preoperative context of vascular surgery to improve perioperative

care, especially in patients exhibiting low functional capacity (<4

METs) and/or high cardiovascular risk [41,42]

An ET is not indicated in asymptomatic patients with low or I c

moderate cardiovascular risk before non-vascular surgery

Female patients

An ET is indicated as a first-line test in women aged > 50 years with | B

angina, who exhibit a normal resting electrocardiogram [7]

An ET is not recommended in low-risk premenopausal female

lc

patients for diagnosis of CAD [45]

Athletes

An ET is indicated in symptomatic athletes who plan to continue IB

vigorous physical activity (> 6 METs or sport competition) [6,46]

An ET may be considered in asymptomatic athletes with a high or

lla C

very high cardiovascular risk, who plan to continue vigorous physical
activity (> 6 METs or competitive sports) [46]

An ET is not recommended in asymptomatic athletes with a low

imc

cardiovascular risk (score < 1%)

Asymptomatic patients

An ET may be considered in asymptomatic subjects who carry at

IIb C

least a moderate cardiovascular risk level and work in high-risk
occupations (e.g. firefighters, military, policemen, pilots, etc.) or
wish to begin vigorous activity (>6 METs) [16,47]

CPET: cardiopulmonary exercise test; ET: exercise test; MET: metabolic equivalent of the task.

significant benefit. Thus, the use of a scoring system is pre-
ferred as a first-line strategy (Table 10) (see part 1) [7,45].

The elderly patient

An ET in an elderly patient requires an adapted exercise
protocol (i.e. short increments). The diagnostic value of the
ET is increased in this population, carrying good sensitiv-
ity. Arrhythmias are more frequent in the elderly. Functional
capacity is the main variable that predicts survival [16].

The athletic subject

An ET is useful to screen for cardiovascular disease in ath-
letes presenting with symptoms or an abnormal clinical
examination, or when there is an unexplained reduction in
physical performance. It is mandatory to adapt the ET proto-
col to reach maximal functional capacity. Abnormalities that
are seen on a resting electrocardiogram (such as conduction
and repolarization patterns), but disappear during exercise,
are typically considered benign. The normalization of rest-
ing inverted T waves during an ET has no benign value.
Trained athletes may present more false positive ST-segment
depressions than untrained subjects [46]. A CPET may also
be conducted to assess abnormal dyspnea (Table 10).

The asymptomatic subject

Because of the low prevalence of cardiovascular disease in
asymptomatic subjects, the predictive value of the ET is
weaker in this population. For subjects who present risk
factors that position them at high cardiovascular risk, an
abnormal ET (i.e. demonstrating low functional capacity
or abnormal electrocardiogram findings) may further define

a subset of patients at increased risk of CAD (Table 10)
[16,40,47].

Pediatric and adult patients with congenital
heart disease

The equipment and exercise protocol used for the ET must
be adapted to the child’s morphology and functional capac-
ity [48]. Only children measuring > 120 cm may use a bicycle
ergometer, preferably with a ramp protocol [24,48]. On
a treadmill, the Bruce protocol is most commonly used
[24,48].

Safety measures are compulsory, and are similar to those
recommended for adult patients (see part 1). Although
complications are rare, it is necessary to respect the con-
traindications and criteria for ET termination (see part 1)
[48].

An ET is indicated in children to evaluate functional
signs related to exercise (i.e. dyspnea, syncope, chest
pain). In the context of congenital heart disease (CHD), an
ET (or preferably a CPET) is indicated for the evaluation
of functional capacity, preparticipation sports assess-
ment, preoperative assessment and postoperative follow-up
(screening for arrhythmias or conduction disorders, evalu-
ation of coronary re-implantations, residual obstructions,
cyanosis, residual shunt, etc.) (Table 11) [49—52].

Furthermore, a CPET is useful to guide cardiac rehabilita-
tion for adults and children with CHD. The VO, peak reflects
prognosis and quality of life in patients with CHD [53].

An ET is also fully indicated in the presence of angina
(even if atheromatous plaques are exceptional in children)
to investigate congenital abnormalities, such as an abnormal
coronary artery tract, or in the context of Kawasaki disease
[48].



Table 11

Exercise test indications in pediatric and adult patients with congenital heart disease.

An ET should be considered in the child [48,51]: to evaluate symptoms that are triggered or lla C

aggravated by exercise; to assess the response to exercise when a cardiac pathology exists

(congenital or acquired), including ischemia or arrhythmia; or to evaluate the efficacy of medical or

surgical treatments

A CPET should be considered in the child or adult with a congenital heart disease [48—52]: to assess llaC

prognosis; to evaluate the patient’s functional capacity and prescribe an adapted physical activity

programme; or before a cardiac rehabilitation programme

CPET: cardiopulmonary exercise test; ET: exercise test.

Table 12 Interpretation of cardiopulmonary exercise test variables in different types of congenital heart disease.
Respiratory  BP HR, %MHR, ST-segment  Sa0, VO, peak (% VE/VCO,
tests HRR predicted) slope

Surgically Restrictive

corrected syndrome
CHD
Left-to-right Reduced
shunt (shunt)
LVOTO Coarctation
Tetralogy of Reduced Increased
Fallot PV replace- PV
ment replacement

Systemic RV Chronotropic Reduced Increased

incompetence

TGA, arterial Ischemia

switch

Coronary Ischemia

artery
anomaly

Right-to-left Decreased Reduced Increased

shunt

Cavopulmonary Chronotropic Reduced Increased

connection incompetence

Eisenmenger’s Decreased Reduced Increased

syndrome

BP: blood pressure; CHD: congenital heart disease; HR: heart rate; HRR: heart rate reserve; LVOTO: left ventricular outflow tract
obstruction; MHR: maximal heart rate; PV: pulmonary valve; RV: right ventricle; SaO,: oxygen saturation; TGA: transposition of the
great arteries; VE: volume of expired gas; VO,: oxygen uptake; VCO,: carbon dioxide output.

The different CPET variables used in the evaluation of
CHD in children and adults are summarized in Table 12.

Conclusions

These new recommendations highlight two important fac-
tors. First, interpretation of the ET must be based on a
multivariate analysis to assess the risk of CAD. Second, the
indications for an ET have been broadened to include most
cardiac pathologies, with the goal of assessing prognosis,
particularly when coupled with expired gas analysis.
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