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Abstract: This review aims to serve as a guide for clinical practice and to appraise the current
knowledge on exercise stress echocardiography in the evaluation of intraventricular obstruction in
HCM, in patients with cardiac syndrome X, in athletes with symptoms related to exercise, and in
patients with normal left ventricular systolic function and exercise-related unexplained tiredness. The
appearance of intraventricular obstruction while exercising is considered rare, and it usually occurs
in patients with hypertrophy of the left ventricle. The occurrence of intraventricular obstruction
when exercising has been evidenced in patients with hypertrophic cardiomyopathy, athletes, patients
with cardiac syndrome X, patients with syncope or dizziness related to exercise, and patients with
dyspnea and preserved ejection fraction. The clinical significance of this observation and the exercise
modality that is most likely to trigger intraventricular obstruction remains unknown. Supine exercise
and lying supine after exercise are less technically demanding, but they are also less physiologically
demanding than upright exercise. Importantly, in everyday life, human beings generally do not
become supine after exercise, as takes place in post-exercise treadmill stress echocardiograms in most
echocardiography labs. The presence of induced intraventricular obstruction might be considered
when patients have exercise-related symptoms that are not understood, and to assess prognosis in
hypertrophic cardiomyopathy.

Keywords: intraventricular gradients; exercise echocardiography; angina; athletes; hypertrophic
cardiomyopathy; tiredness with normal systolic function; syncope or dizziness related to exercise

1. Introduction and Aims

We have been performing exercise stress echocardiography (SE) with the evaluation
of cardiac function while exercising on a treadmill for more than 20 years. This method
has been published [1] and is also used by other groups [2,3]. The assessment of exercise-
induced intraventricular gradients with exercise echocardiography is increasingly used in
clinical practice in the evaluation of patients with hypertrophic cardiomyopathy (HCM), in
part due to the current guidelines” recommendation to estimate the presence and increasing
severity of obstruction with exercise [4]. The search for intraventricular gradients as
an explanation for exercise-related symptoms in patients who have no structural heart
disease is also gaining space in clinical practice. The correlation between exercise-elicited
symptoms and intraventricular gradients has given us the opportunity to provide this
group of patients with appropriate treatment. Recently, intraventricular gradients have
been postulated as a possible mechanism in the development of apical aneurysms, and
arrhythmias or angina in apical hypertrophic cardiomyopathy [5]. The present narrative
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review aims to appraise the knowledge in this field and to serve as a guide for clinical
practice, overviewing exercise stress echocardiography in the evaluation of obstruction in
HCM, patients with angina and normal coronary arteries, athletes with symptoms related
to exercise, and patients with normal ejection fraction and unexplained tiredness related
to efforts.

2. Methods

We provide an overview of the pathophysiology of intraventricular obstruction in-
duced by exercise, highlighting its determinants: preload, contractility, and gradient. We
describe the main signs of dynamic obstruction on echocardiographs. We describe how
to quantify the obstruction, and provide a discussion on the anatomic and functional cor-
relates along with the outcome data of that evaluation. We give some tips and tricks for
better use of this data in clinical practice, as well as how to report the findings, and how
clinical guidelines and recommendations suggest we use it.

2.1. Preload, Contractility, and Gradient

Normal cardiac function centers on producing the required cardiac output, which
is achieved through a combination of the stroke volume and the heart rate. A complete
cardiac cycle is composed of the diastole and the systole. Ventricular diastole involves
an active process of myocardial relaxation, which creates a pressure gradient between
the left atrium and the left ventricle, resulting in the opening of the mitral valve and
forward blood flow. The gradients underlying the promotion of diastolic function and
ventricular filling are also influenced by ventricular compliance. At the end of diastole, the
contraction of the atrium increases the left atrium pressure and causes a new increase in
the gradient, promoting blood flow to the left ventricle [6]. The preload is completed at
this point. The diastolic gradients in the left ventricle occur between the left ventricle base
near the mitral valve and the apex and between the apical zone and the left ventricular
outflow tract (LVOT) [7]. These diastolic gradients seem to have an important role in left
ventricular (LV) filling and emptying [8]. In clinical practice, invasive measurements of
intraventricular pressures in the left ventricle and other cardiac chambers using fluid-filled
catheters are inaccurate for assessing exceptionally low gradients and pressures. Instead,
color Doppler M-mode measurements are more accurate for this kind of evaluation [9].
The intraventricular pressure gradients between the ventricular apical zone and the left
ventricle outflow tract zone have been demonstrated to be strongly correlated with peak
trans-mitral flow, early ventricular filling, and stroke volume [10]. These facts demonstrate
that intraventricular gradients are relevant to normal filling and emptying, and especially
to diastolic and systolic function. A typical pattern of systolic intraventricular pressure
gradients has been verified within the left ventricle from 3.7 &+ 0.4 mm Hg at the beginning
of the systole between the LV apex and the LVOT and from 3.9 & 0.5 mm Hg in the late
systole between outflow tract and the apex [11]; however, the significance of this gradient
is unclear.

The intraventricular pressure gradients between the apical zone and the outflow tract
of the systemic ventricle are due to the active forces of the contracting ventricle and are
related to the inotropic state [12,13]. When outflow obstruction is absent, the peaks of
intraventricular gradients during systole are attained early and are provoked by impulsive
forces [14]. The intraventricular pressure gradients increase with exercise [8] and adrenergic
stimulus [13], and decrease with beta-blocker use [15].

Small intraventricular gradients are a common phenomenon of normal cardiac func-
tion. Three mechanisms explain their augmentation with exercise: an augmentation in the
non-obstructive and physiological gradients; obstruction at the end of systole related to
ventricular cavity obliteration; and obstruction at mid-systole caused by systolic anterior
motion (SAM) of the mitral valve, causing limitation to ejection [16]. HCM is the most
frequent cause of a dynamic intraventricular gradient, but certainly not the only one.
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2.2. The Main Sign of Dynamic Obstruction

The intraventricular gradient is first evaluated with a color Doppler and a pulsed
Doppler wave traveling from the LV apex to the LVOT in an apical four- or five-chamber
view. Then, with the use of continuous Doppler, a typical “dagger-shaped” envelope is
seen with late-peaking morphology (Figure 1).
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Figure 1. Systolic anterior motion (SAM) and an intraventricular gradient in a patient without
hypertrophic cardiomyopathy (HCM), a 27-year-old soccer player with severe dizziness from exercise.

The main sign of intraventricular dynamic obstruction is present in most cases, and
when SAM occurs (Figure 1), the configuration of the ventricular cavity or of the mitral
valve apparatus is altered. Notably, a significant number of patients with intraventricular
gradients [15,17] have mid-ventricular (MV) obstruction without SAM.

2.3. Titration of Obstruction

The evaluation of the obstruction is performed with continuous-wave Doppler. Sig-
nificant LVOT or MV obstruction is defined as a peak gradient greater than or equal to
30 mm Hg [18]. In one study [19], one in three healthy young subjects developed an LVOT
gradient with peak velocities greater than 3 m/s and were considered normal. However,
further studies are needed to better clarify the clinical significance of these gradients [20],
although it has been demonstrated that intraventricular gradients can be caused by maneu-
vers that change loading conditions in structurally normal hearts [21].

2.4. Anatomic and Functional Correlates

The factors that determine the occurrence of the LVOT gradient are displayed in
Figure 2 [3].
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Figure 2. Mechanisms predisposing patients to left ventricular outflow tract (LVOT) gradient in-
duction. A—TLeft ventricular (LV) hypertrophy, particularly of the basal septal segment (HCM,
hypertension, storage disease). B—LV hypercontractility (moderate tachycardia). C—Small LV cavity
(HCM, children, women, dehydration). D—Prolonged /thickened mitral leaflet(s). E—Reduced LV
preload (dehydration, diuretics, vasodilators, hemodialysis, fever, septic shock, at the end of cardiac
surgery when weaning extracorporeal circulation, orthostatic position) [3].

The appearance of intraventricular gradients [17,22] is associated with morphological
(Figure 2) determinants such as reduced LVOT index and reduced left ventricular diastolic
volume, as observed in periods of increased heart rate. An anterior displacement of the pos-
terior internal papillary muscle may also be involved in the development of intraventricular
gradient and SAM of the mitral valve as described by other authors [23,24]. Immediately
after exercise, the sudden LV preload reduction plus adrenergic response during this phase
accounts for the LVOT gradient increase. However, the obstruction during the recovery
period in the supine position as performed in some echocardiography labs is not fully
representative of what occurs when the patient develops symptoms during day-to-day
activities. In addition, in daily life, most patients who walk or run remain in a standing
position after exercise and do not lie down. For this reason, post-exercise echocardiography
after supine repositioning does not appear fully satisfactory. Accordingly, we [22,25] have
highlighted that post-exercise (treadmill) evaluation of the LVOT gradient is more relevant
with the patient in the standing position compared to the supine position. In our research,
all patients with obstructive HCM developed increasing intra-ventricular gradients during
orthostatic recovery than when compared to the supine position. To evaluate the clinical
meaning of LVOT or MV obstruction, we consider exercise to be the only relevant stress
since a high number of unselected patients develop obstruction with dobutamine, which is
probably a pharmacologic effect [26]. Exercise echocardiography in the supine position is
easier to perform; however, exercise in the orthostatic position and on the treadmill better
reflects the patient’s normal activities and better replicates the clinical situations in which
the symptoms usually occur. The orthostatic position, reducing the venous return (Figure 2),
should be maintained after exercise, as a significant reduction in the LV volume has been
shown to favor the appearance of the intraventricular obstruction under investigation
(Figures 3-5). Further, orthostatic evaluation is better than semi-supine bicycle exercise at
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evoking a dynamic intraventricular obstruction [27]. In this evaluation, two-dimensional
mode echocardiographic images are selected from the parasternal window (in long-axis
view and short-axis view) and apical window (four-chamber view and two-chamber view)
in the orthostatic position at rest before exercise and during exercise, and at peak exercise;
in the immediate after-exercise period; and during the recovery period in orthostatic po-
sition or in left lateral decubitus as appropriate. Image acquisition at peak exercise and
immediately post-exercise can be carried out using a continuous image-capturing system.
After the test, the loops with the best-quality image in each view are selected and archived.
The acquired digitized images are then reviewed and compared in digital side-by-side
quad-screen format with echocardiographic equipment. When relevant—e.g., for the detec-
tion and evaluation of intraventricular obstruction in hypertrophic cardiomyopathy (HCM),
or in athletes with symptoms related to exercise—the patient remains in an orthostatic
position after finishing the stress test, and echocardiography is obtained in this position.
Although most groups perform exercise echocardiography during the recovery phase with
the patient in lateral decubitus position, several groups have shown that peak exercise
imaging is equally feasible and more accurate since regional wall motion abnormalities and
dynamic gradients quickly disappear in the early recovery phase [28,29].

2.5. Outcome Data

The detection of LVOT or MV obstruction is crucial in the management of symptoms
and the assessment of the risk of sudden death in patients with HCM. Two-dimensional
and Doppler echocardiography during a Valsalva maneuver in the sitting and semi-supine
positions—and then standing if no gradient is provoked—is recommended in all patients.
Exercise stress echocardiography (SE) is recommended in symptomatic patients if bedside
maneuvers fail to induce LVOT obstruction > 30 mm Hg [4,30]. In HCM, a greater increase
in dynamic gradients predicts a greater risk of sudden death and is used to help decide
when to use a cardiac implantable device to protect against sudden death [4,30]. Taking
into account Sherrid et al. [5], in which apical aneurysms in patients with apical HCM may
hypothetically be caused by MV obstruction, exercise stress echocardiography may take
on a more significant role in the future in the search for intraventricular gradients, leading
to a more aggressive treatment strategy with beta blockers or more invasive therapies.
We should remember that aneurysms are associated with a higher risk of ventricular
arrhythmias and thrombosis, which consequently lead to a worse prognosis. Therefore,
it is essential to prevent their development. In symptomatic athletes with LVOT or MV
obstruction [15,22], the re-evaluation of the obstruction with exercise can also be used to
monitor the effectiveness of treatment with a beta blocker. Additionally, it is important to
clarify that one-third of previous exercise-related ischemia in patients with angiographically
normal coronary arteries may be cases of LVOT or MV obstruction, which opens the door
to effective treatment with beta blockers [31]. Based on our 20 years of experience with
over 1300 patients systematically evaluated with upright treadmill testing, we note that
the prevalence of a significant intraventricular (LVOT or MV) gradient in asymptomatic
subjects is very rare, but becomes >30% in subjects, including athletes, who are symptomatic
for dizziness, syncope, chest pain, or tiredness, without any other detectable etiology
of symptoms, like valvular heart disease, diastolic dysfunction, or HCM [32]. Upright
exercise imaging should be the standard approach in patients with an elusive cause of
potentially life-threatening symptoms such as syncope, near syncope, or aborted sudden
death [33,34] during exercise with an unknown cause, with or without HCM [1,33,34].
LVOT obstruction following mitral valve surgery and transcatheter mitral valve treatment
can result from various mechanisms [35]. The acknowledgment of these, as well as their
detection with appropriate imaging, namely exercise stress echocardiography, preferentially
before and after the procedure, may be critical in achieving successful outcomes and also in
understanding failures in the improvement of symptoms.
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Figure 3. Echocardiography before exercise in a symptomatic athlete in the left lateral decubitus
position and in the orthostatic position before and at the beginning of exercise [3].
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Figure 4. LVOT gradient in the various phases of exercise in the same symptomatic athlete [3].

2.6. Tips and Tricks

Dynamic subaortic obstruction usually shows a typical late-peaking velocity curve,
which frequently has a concave upward curve in the early systole (Figure 1). Some
sources of error are known and should be minimized when measuring gradients, in-
cluding malalignment of the jet and the ultrasound beam, and the recording of mitral
regurgitation, which can be easily distinguished from LVOT or MV obstruction. In the
majority of patients studied, the measurement of gradients is accurate, reproducible, highly
feasible, and simple. The best way to detect LVOT or MV obstruction with exercise is to
image the heart in the orthostatic position before exercise (usually easy), during exercise
(difficult but feasible), and after exercise (usually easy), when the obstruction is greater.
The standard approach of supine repositioning at the beginning of recovery after treadmill
exercise misses a significant part of LVOT or MV obstruction with clinical relevance [25,27].
The value of orthostatic imaging is well known by clinical cardiologists who also routinely
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verify the appearance or increase in murmurs in HCM patients by performing cardiac
auscultation in the orthostatic position or with the Valsalva maneuver. It is important
to follow up on these patients and their conditions when they have symptoms. Upright
exercise SE should be the standard approach in patients with relevant or severe symptoms
related to exercise (syncope, near syncope, or aborted sudden death related to exercise)
with or without HCM. It may also be useful to evaluate the presence of intraventricular
obstruction induced by effort in patients with tiredness and normal ejection fraction. In
the future, assessing pulmonary systolic arterial pressure should also be considered in
characterizing severity [1,32,35-38] apart from the intraventricular obstruction.
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Figure 5. LVOT obstruction in one patient with HCM with a gradient that also increases in recovery
in the orthostatic position [25].

2.7. How to Report Gradients

A report on dynamic LVOT obstruction should provide a precise anatomic localization
and quantification of the obstruction using color-guided, continuous-wave Doppler echocar-
diography in the apical five-chamber view. The gradient evaluation across the obstruction
should be based on peak instantaneous gradient measurement, and the magnitude should
be reported in millimeters of mercury [4,30,39]. The evolution of the LVOT obstruction
during exercise SE in HCM should be observed carefully since it varies significantly at
distinct levels of workload [25,40]. Assessment of LVOT obstruction should be performed
and registered at least once at rest, at peak stress, and during the recovery phase. An
echocardiographic report should describe, in detail, the anatomic and functional alterations
in the mitral apparatus, which contribute to the development and severity of LVOT obstruc-
tion [41,42]. Hemodynamic and exercise parameters that can influence dynamic obstruction
(e.g., prandial status, type, and protocol of stress, exercise time, maximum heart rate and
workload achieved, or blood pressure response) are useful to communicate in parallel
with LVOT or MV gradients [42]. Ongoing medical therapy should always be delineated,
especially when drugs that affect the development and alteration of dynamic LVOT or MV
obstruction are used [43]. It is particularly important to mention symptoms concurrently
with SE findings, as they are determining factors in management decisions. However,
if a patient shows no symptoms in the presence of provokable gradients, we should al-
ways question the true absence of symptoms or whether there is lifestyle adaptation. A
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reduction in LVOT obstruction during exertion, favoring a better clinical profile, should be
highlighted and reported as a paradoxical hemodynamic response to exercise [44].

2.8. Clinical Guidelines and Recommendations

According to the more recent guidelines, stress-induced LVOT obstruction is a marker of
a worse prognosis and has the potential to dictate major treatment decisions in HCM [4,30,39].
Exercise represents the most physiological and effective form of gradient provocation [27,42].
The peak gradient detected in the LVOT is indicative of obstruction if it reaches 30 mm Hg
at rest and rises above 50 mm Hg with exercise. When associated with effort-related
symptoms, the latter can be used as a threshold for invasive treatment [4,30]. The latest
European (ESC) and American (AHA /ACC) guidelines for the diagnosis and treatment
of patients with HCM agree that, in patients with symptomatic HCM who do not exhibit
an outflow tract gradient of >50 mm Hg during standard echocardiographic evaluation,
SE assessment should be performed to detect and quantify provocable LVOT obstruction
[Class I, level of evidence (LOE) B]. Different suggestions are offered for asymptomatic
individuals in the above-mentioned documents. The state-of-the-art AHA /ACC guidelines
reveal that it can be beneficial to perform exercise SE in asymptomatic HCM patients
without provocable obstruction (>50 mm Hg) on standard transthoracic echocardiography
(Class 2a, LOE C-LD), considering that it provides a comprehensive understanding of their
individual pathophysiology. According to the ESC guidelines, the efficacy of exercise SE
assessment in asymptomatic HCM patients with resting or bedside-provoked peak LVOT
gradient < 50 mm Hg is less well established. Therefore, exercise SE may be considered
only when the presence of an LVOT obstruction is relevant to lifestyle advice and decisions
for medical treatment (Class IIb, LOE C). However, regardless of symptomatic status,
LVOT obstruction assessment during exercise should be performed in every HCM patient
without resting obstruction (>50 mm Hg) who has a positive history of syncope [45]. Ac-
cording to the recent ESC guidelines on sports cardiology, all individuals with HCM who
wish to participate in sports activity should have their LVOT gradient assessed after light
exercise [34]. Moreover, outside HCM, the search for intraventricular gradients during
exercise echocardiography can elucidate the hidden causes of unexplained dyspnea, exer-
tional fatigue, post-exercise dizziness, or syncope in athletes or in patients with tiredness
with preserved ejection fraction in the echocardiogram [32,38,42], which may affect future
clinical management.

3. Conclusions

In this study, it was determined that HCM patients develop increasing intraventricular
gradients while in the orthostatic position, mainly during treadmill exercise and in the
recovery period while sustaining the upright position. This evaluation can help us better
understand the pathophysiology, symptomatology, and efficacy of different therapeutic
modalities in this disease and should be routinely used in the assessment of HCM patients.
It is essential for prognostication and is crucial in deciding on implantable cardioverter
defibrillator implantation. Intraventricular obstruction has been reported in a significant
number of patients with angina and normal coronary arteries, athletes with exercise-related
symptoms, patients with unexplained tiredness and normal ejection fraction, and one
athlete with aborted sudden death (Table 1).

In light of this published work, exercise stress echocardiography should be used to
search intraventricular gradients in hypertrophic cardiomyopathy patients and in those
patients beyond HCM with symptoms clearly related to exercise when all the other exams
are normal. We hypothesize that beginning the diagnostic evaluation of the previous
clinical scenarios with exercise stress echocardiography will lead to better outcomes and
may be more cost-effective.
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Table 1. Studies with exercise stress echocardiography in HCM and other clinical situations in the
references. DLVOTO—dynamic left ventricle outflow tract obstruction; EE—exercise echocardiography;
ESC—European Society of Cardiology; HCM—hypertrophic cardiomyopathy; HOCM—hypertrophic
obstructive cardiomyopathy; [IVG—intraventricular gradient; LLD—left lateral decubitus; LVDVi—left
ventricle diastolic volume index; LVOT—Ieft ventricle outflow tract; LVOTi—left ventricle outflow
tract index; RLVWT—relative left ventricle wall thickness; SAM—systolic anterior motion; SE—stress

echocardiography.
Reference Aims Number of Patients Type of Study Results
On therapy, during stress echocardiography
(SE), there was a reduction in IVG at rest (35 off
vs. 17 on beta blocker, p < 0.01), a decrease in
Assessment of beta-blocker IVG at peak exercise and immediately after
therapy in athletes with (102 +£ 34 mm Hg off vs. 69 £ 24 mm Hg on
Py
in [1] exercise-induced 35 symptomatic athletes Clinical Trial beta blocker, p <0.01), peak heart rate
intraventricular (178 £ 15 bpm off vs. 157 £ 9 bpm on beta
radients (IVG) blocker), SAM of the mitral valve (24 off vs.
& ’ 9 on beta blocker, p < 0.001), symptomatology
during SE (17 off vs. 2 on beta blocker
p <0.001), and ST segment depression (13 off
vs. 2 on the beta blocker, p < 0.001).
IVG during upright exercise on a treadmill was
developed in a statistically significant number
of patients with cardiac X syndrome. This
group of patients was characterized by being
mainly of the male gender and younger than
those who did not develop IVG.
Appraise the existence of ST-segment downsloping during stress testing
in [1] IVG during exercise stress 91 patients with cardiac Research in patients without epicardial obstructive
echocardiography in cardiac syndrome X coronary disease appears to be correlated with
syndrome X. the occurrence of IVG and SAM of the mitral
valve on exertion. IVG and mitral valve SAM
also seem to be associated with lower left
ventricle outflow tract index (LVOTi), lower left
ventricle diastolic volume index (LVDVi) and
higher relative left ventricle wall
thickness (RLVWT).
Echocardiographic signs of ischemia at peak
exertion developed in 44%, and significant
Define the incidence and DLVOTO in 5% (13 patients). With multivariate
predictors of dynamic left analysis, it was found that independent
ventricle outflow tract predictors of significant DLVOTO at peak effort
[18] obstruction (DLVOTO) in 280 patients Research were increased septal wall thickness, higher
patients without systolic blood pressure, chordal SAM, younger
hypertrophic obstructive age, and smaller left ventricle at end-systole. In
cardiomyopathy (HOCM). at least 6 of the 13 patients, significant
DLVOTO was a possible cause of symptoms
and/or ischemia.

Peak LVOT velocities of >3 m/sec were
developed by sixteen subjects (32%). Dynamic
outflow tract Doppler pattern was evidenced in

Describe LVOT velocities 12 of the‘16 (75%). with ele.vated veloci.ties, of
- - o . whom eight had intracavitary narrowing on
[19] with maximal exercise in 50 children Research . . .
healthy vouth. two-dimensional echocardiography.
Yy

To conclude, the occurrence of significant
exercise-induced LVOT velocities may be
considered a normal physiologic finding in
healthy youth.
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Table 1. Cont.

Reference Aims Number of Patients Type of Study Results
SAM of the mitral valve was observed in 33 of
To study the prevalence of the 52 athletes in the group with IVG, and in
exercise IVGs in athletes none of the athletes in the group without IVG.
whose preparticipation The results highlight that those athletes with
cardiovascular screening exercise-induced symptoms and/or
in[1] result for sports practice was 139 athletes Comparative study ischemia-like electrocardiographic signs are
positive according to ESC often associated with significant IVG,
guidelines, and evaluate developing in the absence of regional wall
exercise echocardiography motion abnormalities. IVG was also more
on the detection of IVGs. evident at the beginning of exercise during
treadmill upright imaging.
Three patients with non-obstructive HCM at
rest developed IVGs during exercise.
Evaluate IVGs with One patient developed this gradient only
echocardiography during during orthostatic recovery. The mean IVG in
. treadmill exercise and left lateral decubitus (LLD) was 49 + 4 mm Hg;
in [1] post-exercise in the upright 17 HCM Research in orthostatic position it was 62 = 29 mm Hgg
position in patients (p <0.001 versus in LLD); at peak exercise it
with HCM. was 83 £+ 35 mm Hg (p < 0.001 versus supine
rest); during recovery it was 96 + 35 mm Hg
(p < 0.001 versus peak exercise)
As various types of exercise
have different consequences
on peripheral vascular
circulation, this study This study demonstrates that, when compared
[27] sought to compare upright 23 HCM Comparative to the semi-supine bicycle EE, the treadmill is
treadmill exercise study better for ascertaining the maximum LVOT
echocardiography (EE) to gradient in HCM.
semi-supine bicycle EE in
maximum provoked LVOTO
in HCM patients.
fThe 'relatlon bet.ween In patients with non-obstructive HCM at rest,
unctional capacity and h li t of LVOT eradients duri
exercise-induced LVOT the ear 16T ONSEL 0 gradients durng
Lo . treadmill exercise was associated with
obstruction in HCM is impaired exercise performance. These findings
[40] incompletely defined. The 74 HCM Research P b : &

time course of the provoked
gradients and the relation to
exercise performance
were assessed.

have yielded insights into the determinants of

functional impairment in HCM and support the

potential value of exercise echocardiography in
the clinical evaluation of patients with HCM.
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Abbreviations

ACC/AHA  American College of Cardiology/American Heart Association

ESC European Society of Cardiology
HCM Hypertrophic cardiomyopathy
LOE Level of evidence

LVOT Left ventricular outflow tract
MV Mid-ventricular

SAM Systolic anterior motion

SE Stress echocardiography
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