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Abstract

Aims The aim of this study was to synthesize the evidence on the effect of the current therapies over the pathophysiological
and clinical characteristics of patients with hypertrophic cardiomyopathy (HCM).
Methods and results A systematic review and meta-analysis of 41 studies identified from 1383 retrieved from PubMed,Web
of Science, and Cochrane was conducted. Therapies were grouped in pharmacological, invasive and physical exercise. Pharma-
cological agents had no effect on functional capacity measured by VO2max (1.11 mL/kg/min; 95% CI: �0.04, 2.25, P < 0.05).
Invasive septal reduction therapies increased VO2max (+3.2 mL/kg/min; 95% CI: 1.78, 4.60, P < 0.05). Structured physical
exercise programmes did not report contraindications and evidenced the highest increases on functional capacity
(VO2max + 4.33 mL/kg/min; 95% CI: 0.20, 8.45, P < 0.05). Patients with left ventricular outflow tract (LVOT) obstruction at
rest improved their VO2max to a greater extent compared with those without resting LVOT obstruction (2.82 mL/kg/min;
95% CI: 1.97, 3.67 vs. 1.18; 95% CI: 0.62, 1.74, P < 0.05). Peak LVOT gradient was reduced with the three treatment options
with the highest reduction observed for invasive therapies. Left ventricular ejection fraction was reduced in pharmacological
and invasive procedures. No effect was observed after physical exercise. Symptomatic status improved with the three options
and to a greater extent with invasive procedures.
Conclusions Invasive septal reduction therapies increase VO2max, improve symptomatic status, and reduce resting and peak
LVOT gradient, thus might be considered in obstructive patients. Physical exercise emerges as a coadjuvant therapy, which is
safe and associated with benefits on functional capacity. Pharmacological agents improve reported NYHA class, but not
functional capacity.
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Introduction

Hypertrophic cardiomyopathy (HCM) is the most common
and best characterized inherited heart disease for which
prevalence in the general population is 1:500.1–3 In most pa-
tients, it is due to pathogenic genetic variants in the heart
muscle proteins of the sarcomere and it is inherited in an au-
tosomal dominant pattern, having an heterogeneous clinical
presentation.4 Its natural history includes the development

of progressive, life-limiting symptoms due to left ventricular
outflow tract obstruction (LVOTO) or diastolic dysfunction,
atrial arrhythmias (atrial fibrillation and flutter), which can re-
sult in thromboembolic stroke, heart failure associated with
systolic dysfunction and risk of ventricular arrhythmias, which
are the main cause of sudden cardiac death.3 Current thera-
pies include pharmacological agents, invasive therapies
(myectomy, alcohol septal ablation, or right ventricular
pacing), and physical conditioning.
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For symptomatic patients, conventional medical therapy
consists of beta-blockers and non-dihydropyridine calcium
channel blockers, which reduce myocardial energy demand.
Other alternative drugs, which affect the myocardial energy
metabolism at different levels (perhexiline, trimetazidine,
and ranolazine)5–7 or inhibit aldosterone production
(losartan, candesartan, and spironolactone),8–11 have been
used.

For patients with LVOTO whose symptoms persist, there
are invasive therapies available such as surgical myectomy,
alcohol septal ablation, or right ventricular pacing. A new
cardioselective drug emerged during the past few years,
mavacamten, inhibits myosin binding to actin with good
tolerance and has yielded promising results reducing obstruc-
tion and improving functionality.12

Physical conditioning is an established recommendation to
prevent and treat the main modifiable cardiovascular risk
factors, improve functional capacity, and reduce morbidity
and mortality. Recent studies13 refute the sedentary lifestyle
usually prescribed to HCM patients with unfounded certainty
showing safety, good tolerance, and benefits from physical
conditioning.14,15

This study brings the first systematic review and
meta-analysis to analyse the influence of the current thera-
pies for HCM on functional capacity and echocardiographic
variables.

Methods

Search strategy

A systematic review of the literature was conducted on
PubMed, Web of Science and Cochrane in November 2021.
Topics for the search included keywords regarding three main
interest areas. The search equation in PubMed was (ti: title,
ab: abstract): (HCM[ti] OR oHCM[ti] OR “hypertrophic
cardiomyopathy”[ti]) AND (myectomy[ti/ab] OR pacing[ti/
ab] OR pacer[ti/ab] OR pacemaker[ti/ab] OR DDD[ti/ab] OR
drug[ti/ab] OR medication[ti/ab] OR therapy[ti/ab] OR train-
ing[ti/ab] OR exercise[ti/ab]) AND (“functional capacity”[ti/
ab] OR “exercise tolerance”[ti/ab] OR oxygen [ti/ab] OR
VO2max[ti/ab] OR assessment OR evaluation) and then
adapted with the same terms for Web of Science and
Cochrane. Two authors (A. B. R. and J. G.) independently
screened for inclusion the articles retrieved from the search.
When disagreements occurred, a consensus was reached
with the rest of the authors.

Eligibility criteria

The eligibility criteria were (1) sample included patients with
obstructive or non-obstructive hypertrophic cardiomyopathy;

(2) interventions included pharmacological treatment, inva-
sive surgery, alcohol septal ablation, pacing or an exercise
training protocol; (3) functional capacity was reported pre-
and post-intervention, whether in Watts, maximal oxygen
consumption (mL/kg/min), metabolic equivalents (METs) or
duration of the test; (4) case–control, cohort, randomized
controlled trial or clinical trial designs; dissertations and con-
ference proceedings were excluded. When studies compared
different interventions, each group was individually included
(e.g. myectomy and pacing). Studies combining physical
exercise with other lifestyle modifications were excluded
(e.g. exercise training and diet).

Data extraction and synthesis

The following variables were extracted from the studies
included publication date, sample (size, age and gender)
and intervention characteristics (type and duration); and
the main outcomes of interest were: pre- and post-treatment
functional capacity, resting LVOTO, peak LVOT gradient, left
ventricular end-diastolic diameter (LVEDD), left ventricular
end-systolic diameter (LVESD), left atrial volume index
(LAVI), left ventricular ejection fraction (LVEF%), resting
systolic blood pressure (SBP), resting diastolic blood
pressure (DBP), peak SBP and New York Heart Association in-
dex for symptomatic status (NYHA). When functional capacity
was expressed in METs, it was recalculated to mL/kg/min of
oxygen consumption as previously indicated16; for example,
a maximal work rate reached at 7 METs was multiplied by
3.5 to be recalculated into 24.5 mL/kg/min. For meta-
analyses, pre- and post-intervention mean values and
standard deviation (SD) of the outcomes of interest were
extracted.

Statistical analysis

Mean differences (MD) between pre- and post-intervention
in the outcomes of interest were obtained conducting
random effects meta-analyses and subgroup analyses using
Review Manager (RevMan), V.5.3. Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014. Sub-
group analyses examined the differences between treatment
strategies (pharmacological therapies, invasive treatments
and exercise training) and between treatment possibilities
for pharmacological and invasive options. Because functional
capacity was reported in different units (i.e. maximal oxygen
consumption in mL/kg/min, METs, time on ergometer or
Watts), only mL/kg/min and METs (recalculated into mL/kg/
min) were included in the statistical analysis of differences
in functional capacity. Alpha was set to 0.05.
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Results

Study identification and characteristics

The database search yielded 1383 articles and 62 full texts
were read after initial screening. Forty-one publications were
included in qualitative synthesis (31 trials and 10 cohort stud-
ies) and 40 in quantitative analysis (Figure 1), with informa-
tion on exercise capacity with a total of 47 groups evaluated;
1830 patients (41.3%women) with amean age of 51 ± 13 years
underwent functional assessment before and after different
therapies. Twenty study groups were treated with pharmaco-
logical agents, 24 studies evaluated the response to invasive
septal reduction procedures (10 alcohol septal ablation, 9
pacing, and 5 surgical myectomy), and 3 studies implemented
physical exercise programmes.

Interventions and time to follow-up ranged from 1 week to
7 years: 1 week to 5 years for medications, 3 months to
7 years for invasive therapies and 3 to 4 months for exercise
programmes. Table 1 summarizes key study and patient
characteristics.5–7,9–13,17–49

Functional capacity

Since this parameter was sometimes reported as workload
achieved or duration of the test, only VO2max values were in-
cluded in meta-analysis. Pharmacological therapies did not
produce any beneficial or detrimental effects on VO2max
when considered together in 356 patients (Figure 2). Never-
theless, calcium channel blockers increased this value by
~3 mL/kg/min (P < 0.05) (Figure S1). No significant differ-
ences were observed between pharmacological therapies
(P = 0.34). Absolute change from pre- to post-treatment
ranged from �3.2 to +9.0 mL/kg/min and relative change
from �9% to +47%.

Invasive therapies produced a significant beneficial effect
on VO2max, which ranged from 0.5 to 11.6 mL/kg/min and
from 3% to 66% relative to baseline capacity in 912 patients
(Figure S2). Mean increment was 3.2 mL/kg/min (95% CI:
1.78, 4.60). All three invasive therapies increased VO2max
considered separately with significant between-group differ-
ences (P = 0.02). Septal ablation produced greater benefits
than surgical myectomy and pacing (4.53; 95% CI: 2.10, 6.97

Figure 1 Flow diagram.
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vs. 2.43; 95% CI: 0.44, 4.42 vs. 1.10; 95% CI: 0.41, 1.79; re-
spectively), with no difference between the last two.

Studies using physical exercise showed the highest
increase in VO2max in 109 patients, leading to an average
increase of 4.33 mL/kg/min (95% CI: 0.20, 8.45). Absolute
increase ranged from 1.4 to 8.7 mL/kg/min and relative
increase from 7% to 53%. Between-group differences were
statistically significant when compared with pharmacological
and invasive therapies (P = 0.04).

Further analyses were performed to elucidate differences
between patients with and without resting LVOT gradient
(Figure S3). Six trials reported data for resting non-
obstructive patients, whereas 23 studies did so for 27
obstructive groups. Patients with LVOTO at rest improved
their functional capacity to a greater extent than those

without resting LVOTO considering all treatment options to-
gether (2.82; 95% CI: 1.97, 3.67 vs. 1.18; 95% CI: 0.62, 1.74;
P < 0.01).

Resting and peak LVOT gradient

The effect of pharmacological therapies on resting LVOT gra-
dient in obstructive patients could not be estimated because
data from a single study was available, in which a significant
reduction was achieved with mavacamten (�47.9 mmHg,
95% CI: �70.0, �25.9; P < 0.01). Invasive therapies also
achieved a significant average reduction of �51.8 mmHg
(95% CI: �56.0, �47.6; P < 0.01), which ranged from �21
to �68 mmHg, and a relative reduction between �26% and

Figure 2 Meta-analysis of the effect of pharmacological agents, invasive therapies, and physical exercise on VO2max. CI, confidence interval; IV, in-
verse variance; SD, standard deviation.
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�98% of the baseline obstruction (Figure 3). No significant
differences were observed among the three invasive proce-
dures (P = 0.20). The effect of physical exercise on resting
LVOT gradient could not be estimated because only one
study with non-obstructive patients offered pre- and post-
treatment data.

Peak LVOT gradient was also reduced with all three major
therapies (Figure S4). Pharmacological therapies allowed an
average reduction of �49.5 mmHg (95% CI: �78.0, �21.0),
which ranged from �84 to �25 mmHg (�29% to �82% of
the baseline gradient). Among medicines, beta-blockers in-
duced a significant reduction of 42.0 mmHg (95% CI: �55.4,
�28.6; P < 0.01), whereas the overall effect of mavacamten
(mavacamten and mavacamten plus beta-blocker groups) did
not reach significance, although mavacamten alone did
(�84.0 mmHg; 95% CI: �114.5, �53.5; P < 0.01).

Invasive therapies also promoted an average reduction in
peak LVOT gradient of �92.9 mmHg (95% CI: �104.7,
�81.1; P < 0.01), which ranged from �135 to �53 mmHg
(�56% to �92% of the baseline gradient). Significant differ-
ences were found between alcohol septal ablation and pacing
(�99.8; 95% CI: �110.1, �89.5 vs. �64.2; 95% CI: �86.4,
�41.9, respectively; P = 0.004), whereas no data was avail-
able for surgical myectomy.

Physical exercise also showed a very mild but significant
reduction of this parameter (�4.6; 95% CI: �8.9, �0.31;

P < 0.05). Overall reduction of all therapies was
�77.6 mmHg (95% CI: �104.5, �50.7; P < 0.01) and
significant between-group differences were found. Invasive
therapies allowed a greater reduction than drugs and physi-
cal exercise (P < 0.01), whereas drugs also showed greater
effect than training (P < 0.01).

Left ventricular ejection fraction

LVEF% was significantly reduced considering all pharmaco-
logical therapies together (�2.5; 95% CI: �4.8, �0.3;
P < 0.05). Absolute reduction ranged from �15% to 1%.
No significant differences were found among drugs; how-
ever, angiotensin II receptor antagonists and calcium chan-
nel blockers did not produce a significant reduction (�1.8;
95% CI: �3.9, 0.3; and 0.1; 95% CI: �2.2, 2.4, respectively),
but antianginals and mavacamten did (�1.0; 95% CI: �1.3,
�0.7; P < 0.01; and �10.3; 95% CI: �19.2, �1.5;
P < 0.01). No data was available for amiodarone,
beta-blockers and diuretics.

Invasive therapies caused a significant reduction in LVEF%
as well (�4.7; 95% CI: �7.2, �2.4; P < 0.01). Absolute reduc-
tion ranged from �11% to �1%. Significant differences were
found between the three procedures (P < 0.001) (Figure S5).
All of them reached significance individually, and pacing

Figure 3 Meta-analysis of the effect of the different invasive options on resting LVOT gradient.
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reduced this parameter to a greater extent than surgical
myectomy and alcohol septal ablation (�11.0; 95% CI:
�16.0, �6.0 vs. �6.0; 95% CI: �7.1, �4.9 vs. �3.3; 95% CI:
�5.4, �1.1, respectively; P < 0.05 all). Differences were also
significant in the comparison of surgical myectomy and alco-
hol septal ablation (P < 0.01).

Finally, physical exercise did not show any detrimental ef-
fect on this parameter (0.3; 95% CI:�0.6, 1.1), and significant
differences were found between the three major treatment
strategies (P < 0.001 pharmacological vs. invasive vs. physical
exercise).

Reported functional NYHA class

Pharmacological therapies had a beneficial effect on symp-
tomatic status. Changes ranged from �1.4 to +0.1 points
(�64% to +6% of the baseline values). Mean effect was
�0.6 (95% CI: �0.94, �0.2; P < 0.05); however, significant
differences were found among the individual pharmacologi-
cal agents (P < 0.001). Angiotensin II receptor antagonists,

calcium channel blockers and mavacamten yielded significant
reductions (P < 0.05 all), whereas beta-blockers and diuretics
showed no effect (Figure S6). Changes could not be esti-
mated for amiodarone and antianginals.

Invasive procedures were also effective improving symp-
tomatic status (�1.3; 95% CI: �1.45, �1.17; P < 0.001).
The absolute reduction of NYHA ranged from �2.5 to �0.5
points (�83% to �17% of the baseline score). The three
strategies showed significant effects individually (P < 0.001
all), although between-group differences were observed
(P < 0.001). Surgical myectomy and alcohol septal ablation
had a greater effect than pacing (P < 0.01 for the two paired
comparisons), whereas no differences were found between
the first two (Figures 4 and S7).

Physical exercise reduced this score too (�0.6; 95% CI:
�1.0, �0.2; P < 0.001), and significant differences were
found between the three major strategies (P < 0.001). In
paired comparisons, physical exercise and pharmacological
strategies showed no different effect, whereas invasive pro-
cedures improved symptomatic status to a greater extent
(P < 0.001 for both invasive vs. pharmacological and inva-

Figure 4 Meta-analysis of the effect of pharmacological agents, invasive therapies, and physical exercise on NYHA class for symptomatic status.
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sive vs. physical exercise). Overall improvement with all
therapies was ~1 NYHA class (�1.06; 95% CI: �1.3, �0.9;
P < 0.001).

Other echocardiographic findings

LAVI and resting DBP were not included in the meta-analysis
due to the small number of studies available with data for
these parameters (n = 5 both). LVEDD (n = 13), peak SBP
(n = 8), resting SBP (n = 9), and LVESD (n = 7) were analysed.

Therapies showed an overall positive effect on LVEDD
(1.41; 95% CI: 0.07, 2.74; P < 0.05). Subgroup analysis was
performed comparing drugs, invasive therapies and physical
exercise. No significant differences were found (P = 0.12).
Nevertheless, only invasive therapies reached significance in-
dividually (2.19; 95% CI: 0.43, 3.95; P < 0.05), whereas drugs
and exercise showed no effect on their own (Figure S8). Sub-
group analysis could not be performed for LVESD due to the
limited number of studies, and no overall effect was found.
No differences were found in resting SBP considering all ther-
apies (P = 0.81). Regarding peak SBP, the effect of all thera-
pies considered together did not reach significance (3.55;
95% CI: �6.70, 13.79; P = 0.50); however, a subgroup analysis
was carried out distinguishing beta-blockers from other strat-
egies and significant differences were found (P < 0.0001).
Beta-blockers caused a reduction in peak SBP (�15.49; 95%
CI: �23.99, �6.99; P < 0.001), whereas other therapies in-
creased its value (14.76; 95% CI: 7.02, 13.79; P < 0.001).

Discussion

There is no specific treatment for patients with HCM which
has been demonstrated to modify disease expression or its
clinical course. The most commonly used drugs have an im-
pact on the reduction of the LVOT gradient, on the improve-
ment in functional class reported but not on the exercise ca-
pacity measured in VO2max. Only invasive septal reduction
therapies significantly modify these three parameters.
Mavacamten, a new selective myosin inhibitor shows an ac-
tion profile similar to the invasive procedures.

This is the first systematic review of the different therapeu-
tic tools used to treat this disease with the objective of eval-
uating their effects on different variables (mainly physical
exercise capacity, LVOT gradient and functional class). For
this, we analysed 41 publications and a total of 1830 patients
who received medical treatment, underwent invasive thera-
pies (pacemaker implantation, surgical myectomy or alcohol
septal ablation) or followed a structured physical exercise
programme.

Functional capacity

Functional capacity is reduced in more than 80% of HCM
patients.50,51 In these patients, VO2max analysis allows for
an objective assessment of the exercise capacity.52 In the
study by Frenneaux et al.,51 HCM patients showed a VO2max
of 28.1 ± 7.5 mL/kg/min, whereas healthy individuals of the
same age and gender ranged from 39 to 68 mL/kg/min. In
our review, considering the pre-treatment values, 88.5% of
patients showed a reduced functional capacity with VO2max
below the threshold of 7 MET (24.5 mL/kg/min) and the aver-
age VO2max was 20.0 ± 3.0 mL/kg/min in HCM patients. The
pathophysiology of such limitation is complex, with LVOTO,
microvascular ischaemia, diastolic dysfunction, and
chronotropic incompetence being the most widely recog-
nized involved mechanisms.2–4

Despite the wide range of therapies available for HCM pa-
tients, in our study, none of the pharmacological agents
showed significant benefits on the functional capacity mea-
sured by VO2max, with the only exception of calcium channel
blockers, where a slight but significant increase in VO2max
was observed in the short term. It should be noticed that
some studies in which functional capacity was expressed in
terms of maximal workload or duration of the test, where
there may have been some benefit with pharmacological
therapy, were excluded.

In contrast with the results of the traditional medication, a
recently published trial with a novel drug called Mavacamten
(EXPLORER-HCM) reported an increase in functional capacity
of patients with obstructive HCM.53 In our analysis, such ther-
apy did not reach statistical significance for maximal VO2 in-
crement, because the group of patients meeting inclusion
criteria was relatively small (21 patients).

There is a drug with metabolic cardiomyocyte action,
called perhexiline, that has demonstrated to improve
functional capacity in symptomatic patients with
non-obstructive HCM.5 However, its use is limited due to he-
patic and neurotoxicity. Despite the reported benefits of
ranolazine on symptoms of angina,54 and the suggested role
in the prevention of phenotype expression from the mice
HCM model,55 this inhibitor of the late sodium current failed
to show benefit on exercise capacity in humans (RESTYLE-
HCM) with non-obstructive HCM.7

LVOTO is one of the main determinants of exercise capac-
ity in HCM patients. Invasive therapies have shown a signifi-
cant increase in the functional capacity of these patients. In
the subgroup analysis of our study, alcohol septal ablation
was the technique which provided the greatest benefit on
functional capacity (P = 0.02).

In our study, the 109 patients who were prescribed a struc-
tured physical exercise programme reached the highest in-
crease in VO2max (mean increase was 4.33 mL/kg/min),
reaching significant differences when compared with the
other two groups of therapies.
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Obstruction

It is worth mentioning a recent study conducted with
mavacamten, which demonstrated a significant reduction
on baseline gradient.12 In patients with obstruction during ex-
ercise, beta-blockers, achieved a significant reduction of the
peak LVOT gradient. However, when beta-blockers were used
together with mavacamten, part of the benefit was lost prob-
ably due to the heart rate limitations observed, because pa-
tients using beta-blockers had lower peak heart rates during
exercise.53

Regarding invasive therapies, all of them reduced signifi-
cantly LVOTO both at rest and at peak exercise and the ben-
efit was maintained throughout time. There were no differ-
ences in the baseline gradient between the different
invasive techniques, although there were indeed differences
in the provoked gradient, with alcohol septal ablation being
the most beneficial.

The results of the influence of physical exercise on obstruc-
tion are scarce. In our study, physical exercise reached a slight
reduction of the peak gradient.

Reported functional class

HCM treatment has two main objectives: first, sudden cardiac
death prevention in high-risk patients via implantation of an
ICD56 and second, the improvement of symptoms. The three
therapeutic groups studied here caused a significant improve-
ment of the NYHA functional class, being invasive therapies
the most beneficial. This is likely associated to a reduction
in the LVOT gradient, as this is a decisive factor in the onset
of symptoms in the majority of HCM patients. Among the
pharmacological agents, mavacamten stands out as the most
beneficial regarding symptoms, which, together with the re-
duction of the LVOT gradient in patients with obstruction,
turns it into a powerful therapeutic tool.

Impact of therapies on left ventricular ejection
fraction

Among the echocardiographic parameters of left ventricular
function, the most widespread LVEF% was reduced both with
drug agents and invasive therapies. No changes were ob-
served in LVEF% after structured physical exercise pro-
gramme in HCM patients. The greatest impact on LVEF% in
HCM has been reported after pacing. When the right ventri-
cle (RV) is stimulated from the apical segments, the usual ac-
tivation pattern of the heart’s electrical system is altered,
thus generating ventricular asynchrony, which may lead to
decreased LVEF%. In other cardiac conditions, but rarely in
HCM, longstanding asynchrony caused by ventricular pacing

is associated with an increased risk of hospitalizations due
to heart failure.57

In vitro and animal models have shown that mutant myo-
sin molecules have a higher activity of the adenosine
triphosphatase enzyme (ATPase), greater tension and in-
creased actin sliding velocity; causing the hyperdynamic con-
traction characteristic of HCM,58,59 which results in a LVEF%
above normal values. Mavacamten, at the dose used in the
clinical trials, reduced LVEF% by 10.3%; 95% CI: �19.2,
�1.5; P < 0.05, relative reduction.12 This small reduction in
the LVEF% from baseline (“normalization”) was not associ-
ated to any clinical relevant outcome.

New perspectives

The pharmacologic drugs traditionally used for HCM treat-
ment have a limited and sometimes temporary effect. They
achieve an improvement in symptoms and a partial reduc-
tion in exercise LVOT gradient but they have no significant
impact on the exercise capacity measured by VO2max. The
emergence of a new class of cardioselective drugs, well tol-
erated and whose effects are similar to the invasive proce-
dures, provides new hope in the treatment of patients with
HCM.

Changes in the patients’ lifestyle, such as correcting over-
weight and physical exercise programmes, have shown a sig-
nificant improvement both in reported functional class and in
objective effort capacity which is more pronounced than with
pharmacological agents. For many years, physical exercise
was considered prohibited for HCM patients.14,15 However,
the results from recent studies support the current recom-
mendations, which suggest that the promotion of supervised
physical exercise results in an improved quality of life for the
patients with this condition.60 Moreover, in a recent
meta-analysis from our group including 11 672 HCM patients,
the mean VO2max was 22.3 ± 1.1 mL/kg/min (6.4 ± 1.1
MET),61 which stands right below the classical threshold of
functionality of 7 MET. Considering the pooled mean benefit
of exercise on functional capacity observed in this study
(4.33 mL/kg/min, 1.1 MET), physical training emerges as a
non-invasive and non-pharmacological alternative that might
potentially help HCM patients achieving a functional state
without affecting other echocardiographic parameters such
as LVEF%. However, the available exercise protocols are
scarce regarding training variables and have focused on car-
diorespiratory exercise. Nonetheless, sports physiologists
have evidenced greater benefits on functional capacity de-
rived from concurrent training, the combination of cardiore-
spiratory and resistance training.62 This is yet to be investi-
gated in HCM patients together with the role of myokines
with potential cardioprotective effects which are enhanced
with training.63
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Limitations

This study has limitations worth mentioning. The main of
these is the heterogeneity of the study cohorts regarding
the chosen therapies but especially the presence of LVOTO.
Some studies did not mention the presence of LVOT gradient
either at rest of after exercise or did not provide separated
data for sub-cohorts of obstructive and non-obstructive
patients. Other studies characterized their cohorts as
non-obstructive at rest but did not provide data regarding
the development of obstruction with exercise. Another limi-
tation is the limited number of studies and patients that un-
dergone physical exercise protocols.

There is also a limitation related to the outcomes of
interest. Some of the studies did not report values for all
the included outcomes and 14 of the 47 groups of patients
analysed could not be included in the analysis of the effect
on functional capacity because data were provided in Watts
or duration of the test.

Conclusions

Invasive septal reduction therapies improve symptomatic sta-
tus, increase functional capacity measured by VO2max and
reduce resting and peak LVOT gradients in obstructive HCM
patients. Pharmacological agents improve reported NYHA
class, but not functional capacity, although promising results
are expected from upcoming studies with mavacamten.
Structured physical exercise programmes are safe and are
also associated with improvements in functional capacity.
Therefore, invasive therapies might be considered in obstruc-
tive HCM patients, whereas physical exercise emerges as a
coadjuvant therapy to improve functional capacity and symp-
tomatic status.
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