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Abstract

Hypertrophic cardiomyopathy (HCM) represents a phenotype of left ventricular hypertrophy unexplained by abnormal loading
conditions. The definition is based on clinical criteria; however, there are numerous underlying etiologic factors. The MOGE(S)
classification provides a standardized approach for multimodal characterization of HCM. HCM is associated with increased
morbidity and mortality, and especially the assessment of the risk of sudden cardiac death is of paramount importance. In this
review, we summarize essential knowledge and recently published data on clinical presentation, diagnosis, genetic analyses,
differential diagnosis, prognosis, and treatment options that are necessary for understanding and management of HCM.
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CMR Cardiac magnetic resonance

CT Computed tomography

CAD Coronary artery disease

ECV Extracellular volume

HCM Hypertrophic cardiomyopathy

HOCM  Hypertrophic obstructive cardiomyopathy
LA Left atrial

LGE Late gadolinium enhancement

LV Left ventricular

LVEF  Left ventricular ejection fraction
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LVOT  Left ventricular outflow tract

SAM Systolic anterior motion

TDI Tissue Doppler imaging

TEE Transesophageal echocardiography

Definition and etiology

Hypertrophic cardiomyopathy (HCM) is characterized by the
presence of increased left ventricular (LV) wall thickness that
is not solely explained by abnormal loading conditions such as
hypertension or valvulopathies [1, 2]. Left ventricular hyper-
trophy is typically severe and asymmetric, mainly affecting
the interventricular septum. However, asymmetric hypertro-
phy is not specific of HCM, as it may also be observed in
hypertensive cardiomyopathy and isolated basal hypertrophy
of the interventricular septum [2].

In up to 60% of HCM in adults, the disease is caused by
mutations of the cardiac sarcomere protein genes and involve
an autosomal dominant pattern of inheritance [3, 4]. The most
common mutations are related to genes encoding heavy chains
of b myosin (MYH7) and myosin-binding protein C
(MYBPC3) whereas genes related to cardiac troponin I and
T (TNNI3, TNNT?2), tropomyosin alpha-1 chain (TPM1), and
myosin light chain 3 (MYL3) are less commonly involved [2].
Presence of sarcomere protein mutation is associated with
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more severe hypertrophy, myocardial fibrosis, and increased
prevalence of sudden cardiac death (SCD) [5, 6].

In 5-10% of patients, there are other genetic disorders in-
cluding metabolic (Danon disease, Anderson—Fabry disease,
ATP-kinase-PRKA G2) [7, 8] and neuromuscular
(Friedreich’s ataxia) [9] diseases, mitochondrial diseases,
and malformation syndromes, whereas in 25-30% of the
cases, HCM is of unknown etiology (sporadic cases). A spe-
cific case is amyloidosis including hereditary transthyretin
(TTR)-related amyloidosis, AL, and senile amyloidosis that
resemble genetic forms of HCM [10].

For a standardized diagnostic workup and classification of
cardiomyopathies, including HCM, the MOGE(S) classification
has been introduced, based on five attributes, including
morphofunctional characteristics (M), organ involvement (O),
genetic or familial inheritance pattern (G), etiological annotation
(E), and optional information about the heart failure functional
status (S) [11].

Diagnostic workup

Typical HCM symptoms include dyspnea, palpitations, chest
pain, exercise intolerance, and syncope. A systolic ejection
murmur best heard between the apex and the left sternal bor-
der, of increasing intensity with maneuvers that decrease pre-
load or afterload, can raise the suspicion of the presence of LV
outflow tract (LVOT) obstruction.

In adults, HCM is defined by a wall thickness > 15 mm in
one or more LV myocardial segments—as measured by any
imaging technique (echocardiography, cardiac magnetic reso-
nance [CMR] imaging or computed tomography [CT]) [2].

Electrocardiogram

Electrocardiogram (ECG) is a valuable diagnostic tool for the
detection of HCM as it may demonstrate LV hypertrophy, ST/
T wave abnormalities, or pathological Q waves and lead to
further testing (echocardiography or CMR). It is recommend-
ed to be combined with 48-h Holter rhythm monitoring for the
assessment of the risk of SCD or stroke by the detection of
ventricular or atrial arrhythmias (most often atrial fibrillation)
respectively. The ECG is a sensitive marker of HCM and may
precede echocardiographic findings of the disease. That
means that the subject may carry the responsible mutation
(pathological genotype) but the disease has not been clinically
manifested yet (normal phenotype), thus implying the need for
regular monitoring.

ECG findings suggestive of specific HCM morphological
variants include [2, 12]:

(1) LV hypertrophy positive criteria (Sokolow—Lyon index).
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(2) Pathological Q waves in the inferior-lateral leads with >
40 ms duration and >3 mm depth in combination with
positive T waves suggest LV asymmetric hypertrophy
and areas of myocardial fibrosis.

(3) Giant (> 10 mm) negative T waves in precordial and/or
inferior leads suggest HCM of the LV apex.

(4) ST segment elevation in precordial or lateral leads in the
absence of anterior wall myocardial infarction suggests
the presence of LV apex aneurysm.

(5) Atrioventricular block is associated with Anderson—
Fabry, amyloidosis, and PRKAG2 mutations.

(6) Low-voltage QRS complexes in the absence of obesity,
emphysema, and pericardial effusion are associated with
amyloidosis.

(7) Pre-excitation syndrome is observed in Danon’s disease
and PRKAG2 mutation. A short PR interval without pre-
excitation is described in Anderson—Fabry.

Echocardiography

The main imaging findings in HCM are summarized in
Table 1. Echocardiography has a central role in the diagnosis
and monitoring of HCM patients. Most patients have an asym-
metric LV hypertrophy affecting mainly the interventricular
septum (Fig. 1a), whereas other patterns of hypertrophy in-
cluding concentric (Fig. 1b), apical (Fig. 1¢), midventricular
(Fig. 2), or of the anterolateral or inferior wall are less com-
mon and often more challenging to be diagnosed [28].

The thickness of all LV segments, from base to apex,
should be measured by echocardiography. Measurements are
taken preferably in parasternal short axis views with orthogo-
nal beam alignment in order to avoid oblique orientation lead-
ing to wall thickness overestimation. In case of apical hyper-
trophy, additional apical views are important for the assess-
ment of hypertrophy of the apical segments. It is recommend-
ed to avoid measurements from the apical views, due to pos-
sible overestimation of the thickness of the LV walls [2].

In cases of inadequate visualization of a segment, the use of
contrast agents for optimal LV opacification and/or CMR
should be considered. Particular attention should be paid for
the thorough investigation of LV apex for the detection of
apical hypertrophy or apical aneurysm (Fig. 2).

About one third of HCM patients present with LVOT obstruc-
tion at rest, mainly due to systolic anterior motion of the mitral
valve (SAM). Systolic anterior motion can be detected with two-
dimensional (Fig. 3a). and M-echocardiography (Fig. 3b). Severe
interventricular septum hypertrophy, mitral leaflet abnormalities,
papillary muscle hypertrophy, and displacement may also con-
tribute to intracavitary obstruction. Another one third of HCM
patients have latent LVOT obstruction provoked by a decrease in
preload and/or afterload or an increase in LV contractility [13]. In
everyday clinical practice, the Valsalva maneuver (exhale with
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Table 1
13-27))

Imaging assessment in hypertrophic cardiomyopathy (ref. [2,

Echocardiography
LV hypertrophy

Unexplained LV wall thickness > 15 mm in one or more myocardial
segments

e Asymmetric/interventricular septum
e Concentric

® Apical

e Midventricular

e Anterolateral or inferior wall

Intracavitary obstruction

Pressure gradient >30 mmHg at rest or provoked
e LVOT obstruction
- SAM
- Severe interventricular septum hypertrophy
- Mitral leaflet abnormalities
- Papillary muscle hypertrophy and displacement
e Midventricular obstruction
-Severe midwall hypertrophy
-Apical aneurysms and thrombi

Systolic function

e LVEF preserved/reduced in burn-out phenotype
e Impaired GLS particularly in hypertrophic LV segments

Diastolic function

Findings consistent with diastolic dysfunction

e [/e' average > 14

e LA volume index >34 mL/m*

e Peak TR velocity >2.8 m/s

e Reduced myocardial velocities by TDI septal <7 cm/s, lateral
<10 cm/s

Mitral valve

e SAM
e Mitral regurgitation jet eccentric/central
e Endogenous mitral valve abnormalities
- Leaflet prolapse
- Elongated mitral leaflets
- Elongation and anomalous insertion of chords
- Papillary muscle abnormalities

Left atrium
Anteroposterior diameter
LA indexed volume

Exercise echo

® Provocation of latent LVOT obstruction
® Response of blood pressure to exercise
e Induction of ventricular arrhythmias

Cardiac MRI

o LV wall thickness in poorly visualized segments by echocardiography
- LV apex
- Anterolateral wall
- Apical aneurysms and thrombi

e Papillary muscle abnormalities

e Myocardial crypts

o Tissue characterization
- Presence and extent of myocardial fibrosis by LGE
- Extracellular volume by T1 mapping

e Systolic function
LV and RV volumes, ejection fraction

Table 1 (continued)

Positron emission tomography (PET)

Assessment of myocardial ischemia and microcirculatory dysfunction
CT coronary angiography

Epicardial coronary artery obstructive lesions

Intramuscular cardiac course of arteries

LV left ventricular, LVOT left ventricular outflow tract, SAM systolic
anterior motion, LVEF left ventricular ejection fraction, GLS global lon-
gitudinal strain, LA left atrium, 7R tricuspid regurgitation, 7DI tissue
Doppler imaging, MR/ magnetic resonance imaging, LGE late gadolini-
um enhancement, RV right ventricular, CT computed tomography

closed glottis) or the administration of nitrates is used for the
provocation of LV obstruction in HCM. An upright exercise test
is slightly more sensitive than the Valsalva maneuver [14]. LVOT
obstruction is defined as a Doppler-derived peak instantaneous
LVOT pressure gradient >30 mmHg, typically with a late-
peaking profile (Fig. 3d), either at rest or during Valsalva maneu-
ver or exercise. Therefore, the baseline measurements should be
matched with dynamic measurements. Typically, SAM is asso-
ciated with mitral regurgitation (Fig. 3¢) and with an eccentric,
inferolaterally directed jet. A centrally directed mitral regurgita-
tion jet is usually associated with endogenous mitral valve ab-
normalities; thus, further assessment of the mitral anatomy with
transesophageal echocardiography (TEE) is necessary [2, 13].

Particular attention should be paid to other causes of ele-
vated pressure gradients within the left ventricle unrelated to
SAM, including midventricular hypertrophy with midventric-
ular obstruction, subaortic membranes, or aortic stenosis. In
such cases, the assessment of LVOT obstruction or aortic ste-
nosis severity becomes challenging.

LV midcavity obstruction represents approximately 10% of
HCM patients [15]. Patients with midcavity obstruction are
often highly symptomatic and seem to have increased risk of
heart failure and SCD [29]. Approximately 25% of those pa-
tients also have LV apical aneurysm which seems to be linked
with thrombi formation within the aneurysm [16], increased
risk for monomorphic ventricular tachycardia due to apical
scarring [30], and increased cardiovascular mortality [15, 29].

The LV ejection fraction (LVEF) in HCM is usually pre-
served or even increased due to increased radial thickening;
however, the LVEF is not a reliable parameter of systolic
function in the presence of LV hypertrophy [17].
Additionally, the stroke volume may be reduced due to the
small LV cavity. Valuable information regarding the assess-
ment of LV systolic function is provided by new echocardio-
graphic techniques such as speckle tracking echocardiogra-
phy. Longitudinal deformation is impaired in hypertrophic
segments (Fig. 4). In the early stages of the disease, the lon-
gitudinal strain may be reduced even in the presence of normal
EF and before the development of hypertrophy in relatives of
HCM patients [18, 19].

In advanced stages of the disease 5—10% of patients with
HCM develop a “burnt-out” phenotype with regression of
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Fig. 1 Asymmetric hypertrophy of the interventricular septum (a) and concentric (b) and apical (¢) LV hypertrophy

hypertrophy, LV dilation, and decrease in LVEF [31]. LVEF < ischemia, myocardial cell death, and fibrosis may represent
50% is indicative of advanced systolic dysfunction and is  the main underlying mechanism [32].

often accompanied by rapid clinical deterioration [2, 17]. It has recently been indicated that global longitudinal strain
Microvascular dysfunction leading to diffuse myocardial =~ (GLS) has a prognostic value in HCM: Patients with a GLS

15/12/2013 14:33:59 15[12/2013 14:34:15

a 2

Fig. 2 Contrast echocardiography: four-chamber (a) and two-chamber (b) views of midventricular hypertrophy with apical aneurysm and
thrombus formation within the aneurysm
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Fig. 3 Systolic anterior motion (SAM) of the mitral valve with 2D (a) and m-mode (b) causing LVOT obstruction and SAM-associated MR (¢). A max
instantaneous late peak gradient of 149 mmHg was measured with CW Doppler (d), indicative of severe LVOT obstruction

compared to patients with GLS <— 16% in a 3-year follow-up
period. Moreover, a GLS value > — 10% had four times higher
risk of events compared with GLS <—16% (p = 0.006) [20].

value > — 16% had adverse prognosis with significantly higher
risk for new-onset sustained ventricular tachycardia/fibrilla-
tion, heart failure, cardiac transplantation, and all-cause death

Longitudinal Strain

Fig. 4 Hypertrophic cardiomyopathy with asymmetric hypertrophy of the interventricular septum (a) and impaired longitudinal strain — 16.4%

particularly in the basal and midseptum segments (b)
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Table 2 (continued)

Isolated basal
hypertrophy
of the IVS

Cardiac amyloidosis Anderson—Fabry disease

Hypertensive heart

disease

Hypertrophic cardiomyopathy  Athlete’s heart

in combination with dark

blood pool,
99mTec-3,3-diphosphono-1,2  «-Galactosidase

No mutations compatible

History of

Mutations compatible with HCM  No specific

Other tests

with HCM in genetic
testing, no family

deficiency

propanodicarboxylic acid

hypertension

abnormalities

in genetic testing, family

history of HCM

(bone) scintigraphy uptake

in TTR-associated
amyloidosis

history of HCM, no

typical symptoms of

HCM

IVS interventricular septum, LV left ventricular, LVOT left ventricular outflow tract, SAM systolic anterior motion, HCM hypertrophic cardiomyopathy, GLS global longitudinal strain, LVEF left ventricular

ejection fraction, LVH left ventricular hypertrophy, LA left atrium, /AS interatrial septum, MR/ magnetic resonance imaging, LGE late gadolinium enhancement, RV right ventricular, 77R transthyretin

HCM is usually characterized by the presence of diastolic
dysfunction (Tables 1, 2). The restrictive pattern of diastolic
dysfunction, £/A >2, and E deceleration time < 150 ms is
associated with an adverse prognosis [56]. Additionally, a
ratio E/e’ average > 14, left atrial (LA) volume index >
34 mL/m?, peak velocity of tricuspid regurgitation (TR) jet
>2.8 m/s, and reduced myocardial velocities by tissue
Doppler imaging (TDI) septal <7 cm/s and lateral < 10 cm/s
are parameters consistent with the presence of diastolic dys-
function and raised LV filling pressures [21]. A higher E/e' has
been proposed as a prognostic factor of worse event-free sur-
vival in nonobstructive HCM patients and in patients with
residual obstruction after myectomy [57].

The left atrium is often enlarged in patients with HCM due
to SAM-related mitral regurgitation and elevated LV filling
pressures.

Although the anteroposterior LA diameter has been widely
used for the prediction of embolic events and SCD in HCM
[58, 59], left atrial volume indexed to body surface area pro-
vides a more accurate assessment of LA enlargement in case
of asymmetric LA remodeling [60].

Cardiac magnetic resonance imaging

CMR is recommended in case of inadequate echocardiographic
windows and poor myocardial segment visualization (especially
of the LV apex and anterolateral wall) for the establishment of
HCM diagnosis [2, 22] (Fig. 5). CMR is an imaging technique
with excellent spatial resolution and provides accurate measure-
ments of maximal LV wall thickness (Fig. 6a) and detection of
apical aneurysms, thrombi, and papillary muscle abnormalities
[23, 61]. It has recently been indicated that myocardial crypts
detected with CMR may represent a subtle feature of HCM in
sarcomeric gene mutation-positive patients [24].

Late gadolinium enhancement (LGE) determines the presence
and extent of myocardial fibrosis. LGE is present in about two
thirds of HCM patients, typically in a patchy midwall distribution
in areas of hypertrophy (Fig. 6b) or right ventricular insertion
points [25] and is associated with regional wall motion abnor-
malities. The presence of LGE in HCM seems to be also associ-
ated with adverse outcomes, including cardiovascular mortality,
heart failure death, and all-cause death [2, 62, 63].

Positron emission tomography

Chest pain and clinical signs of myocardial ischemia in the
absence of epicardial coronary artery disease (CAD) are com-
mon in patients with HCM and in the majority of cases are due
to small-vessel disease [64]. Positron emission tomography
(PET) is a reliable noninvasive technique for the assessment
of myocardial ischemia in the setting of microcirculatory dys-
function in HCM, the latter being associated with adverse
prognosis [26, 65].
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Fig. 5 CMR in apical HCM. a End-diastolic frame of the four-chamber
cine showing the apical hypertrophy. b End-systolic frame of the four-
chamber cine showing the obliteration of the cavity at the apex and the

Computed tomography

Assessment of epicardial coronary arteries is based on classi-
cal coronary angiography or CT coronary angiography. Apart
from obstructive atherosclerotic lesions, myocardial bridges
and intramuscular cardiac course of a vascular vessel resulting
in compression during contraction can be revealed [27].

Exercise tests

Exercise tests are of low sensitivity for the detection of epi-
cardial CAD due to coronary microcirculatory dysfunction;
however, exercise echocardiography provides important in-
formation regarding the provocation of LVOT obstruction
not present at rest, the response of blood pressure to exercise,
and possible induction of ventricular arrhythmias [13].

apical displacement of papillary muscles. ¢ Late gadolinium enhancement
image at the four-chamber view. Note the hazy enhancement of the apical
segments due to myocardial fibrosis

Myocardial biopsy

Myocardial biopsy is used increasingly rarely as HCM diag-
nosis is based on clinical assessment. It is, however, recom-
mended when there is a suspicion of infiltrative cardiomyop-
athy (i.e., amyloidosis) or storage diseases and the diagnosis
cannot be made by other means [2].

Assessment of the risk of sudden cardiac death

Assessment of the risk of sudden cardiac death (SCD) is of
paramount importance, since sudden death is considered the
main cause of death in younger HCM patients. Conventional
and nonconventional risk markers of SCD are summarized in
Table 3.

Fig.6 Asymmetric hypertrophy of the interventricular septum by cardiac
MRI. a End-diastolic frame of the four-chamber cine showing the inter-
ventricular septum hypertrophy. b Short-axis late gadolinium

@ Springer

enhancement view showing a patchy midwall distribution of fibrosis in
the hypertrophic interventricular septum
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Table 3 Conventional and
nonconventional risk markers of
sudden cardiac death in
hypertrophic cardiomyopathy
(ref. [2, 20, 23, 59, 66-72)

Conventional risk markers

Nonconventional risk markers

History, demographic, and genetic risk markers
® Age
e Family history of SCD in one or more first-degree

relatives under the age of 40 or SCD in a first-degree
relative with confirmed HCM at any age

e History of unexplained syncope
Electrocardiographic risk markers

eNonsustained ventricular tachycardia (3 consecutive
beats at rate > 120 b/min < 30 s duration on Holter
monitoring

Imaging risk markers

o Maximum LV wall thickness by transthoracic
echocardiography

e Size of the LA by transthoracic echocardiography

e Maximum LVOT gradient at rest or with provocation

e Multiple sarcomere protein gene mutations

e Fragmented QRS complex
o Heart rate variability in children with HCM

® Myocardial fibrosis > 15% of LV mass by LGE on
CMR

e Large LV apex aneurysms with transmural and
extensive myocardial scarring demonstrated by

using pulsed and continuous wave Doppler

LGE and thrombus formation within the aneurysm
o GLS

LV left ventricular, LVOT left ventricular outflow tract, GLS global longitudinal strain, LA left atrium, LGE late
gadolinium enhancement, SCD sudden cardiac death, b/min beats per minute, CMR cardiac magnetic resonance

Conventional risk markers of sudden cardiac death

A large amount of data indicate that risk stratification should
be based on patient and family history, 48-h ambulatory ECG
findings, and cardiac imaging (echocardiography or CMR) [2,
59].

The European Society of Cardiology (ESC) guidelines on
HCM have introduced the use of a predictive score on the risk
of SCD including:

(1) Age
(2) Maximum LV wall thickness by transthoracic
echocardiography

(3) Size of'the left atrium by transthoracic echocardiography
(LA diameter in the parasternal long axis view with M-
Mode or 2D)

(4) Maximum LVOT gradient at rest or with provocation
using pulsed and continuous wave Doppler from apical
five- and three-chamber views

(5) Family history of SCD in one or more first-degree rela-
tives under the age of 40 or SCD in a first-degree relative
with confirmed HCM at any age

(6) Nonsustained ventricular tachycardia (three consecutive
beats at rate > 120 b/min <30 s duration on Holter
monitoring)

(7) History of unexplained syncope

The formerly used abnormal blood pressure response to
exercise has been lastly excluded as a risk factor. Patients at
high risk for SCD (> 6% at 5 years) should be considered for
ICD implantation, while a discussion on ICD implantation

based on the particular risk factors is recommended for pa-
tients with lower SCD risk (4-6% at 5 years).

Nonconventional risk markers of sudden cardiac death

Another important issue is SCD prevention in HCM patients
stratified in the “grey area” (of intermediate risk) for SCD,
such as multiple sarcomere protein gene mutations being sug-
gested as risk factors to guide ICD therapy in intermediate-risk
patients [66], but there are few data to support this approach.
Global longitudinal strain [20] and extent of myocardial fibro-
sis assessed with CMR have also been suggested as risk fac-
tors for SCD [67]. Myocardial fibrosis > 15% of LV mass by
LGE is associated with a twofold increase in SCD event risk
with an estimated likelihood for SCD events of 6% at 5 years
and reclassifies patients otherwise considered of low risk [67].
In HCM patients with low/intermediate ESC SCD risk score
(2.3£2.0 risk at 5 years) >15% of LV mass by LGE was
associated with higher rates of the composite endpoint (SCD
and appropriate ICD discharge). After 4.7 £2.0 years of fol-
low-up, 4% of HCM patients met the composite endpoint and
>15% LGE was associated with the composite endpoint sim-
ilarly in obstructive and nonobstructive HCM patients
(subhazard ratio 3.04, 95% confidence interval 1.48 to 6.10,
p=0.003 in obstructive; subhazard ratio 2.84, 95% confi-
dence interval 1.27-6.34, p=0.01 in nonobstructive HCM
patients) providing incremental prognostic value over stan-
dard SCD risk stratification [68]. Therefore, patients may ben-
efit from ICD implantation in the context of primary preven-
tion. Patients with large LV apex aneurysms with transmural
and often more extensive myocardial scarring demonstrated
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by LGE and thrombus formation within the aneurysm have
been indicated as high-risk patients for adverse cardiac events
of 10.5%/year including SCD, appropriate ICD discharges,
nonfatal thromboembolic stroke, and progressive heart failure
and death [23]. On the contrary, LGE at right ventricular in-
sertion points does not represent myocardial fibrosis and is not
associated with high risk for adverse events and SCD [73].

Fragmented QRS complex (fQRS) on ECG may be a use-
ful marker for prediction of ventricular arrhythmic events in
patients with HCM. It has been indicated that during a mean
follow-up of 6.3 years, fQRS strongly and independently pre-
dicted ventricular arrhythmic events defined as nonsustained
or sustained ventricular tachycardia or SCD (adjusted hazard
ratio 6.28, 95% confidence interval 2.49-15.84, p <0.001)
and major arrhythmic events defined as sustained ventricular
tachycardia or SCD (adjusted hazard ratio 6.04, 95% confi-
dence interval 1.49-24.39, p=0.011) [69].

Moreover, fQRS seems to be associated with increased
cardiovascular mortality in HCM (adjusted hazard ratio 2.68,
95% confidence interval 1.22-5.91, p=0.014) [70].

Although HCM often presents with altered autonomic car-
diac control [71], there is no solid evidence that analysis of
heart rate variability in adults with HCM adds to the predictive
accuracy for SCD over conventional risk stratification.
However, it seems to have a prognostic value for SCD in
children with HCM [72].

The electrophysiological study and programmed electrical
stimulation are not recommended as prognostic tools for risk
stratification. Electrophysiological study is recommended in
supraventricular tachycardias and pre-excitation syndromes in
order to identify and treat the ablatable substrates [2].

Genetic testing

Genetic testing is increasingly being applied to patients who
meet diagnostic criteria for HCM in order to identify the caus-
ative mutation for the disease and to determine the genetic
predisposition of asymptomatic relatives [2, 5]. Typically,
HCM is inherited as an autosomal dominant genetic trait with
a 50% risk of transmission to offspring, whereas sporadic
cases of autosomal recessive inheritance are less common.
The patient is initially checked and once the responsible
mutation is identified, genetic screening of first degree
relatives is recommended [2]. In a case that the same
mutation is identified in one or more relatives, initial clin-
ical evaluation is recommended, followed by repeat assess-
ment in long term basis at intervals depending on progres-
sion of the disease or the occurrence of cardiovascular
symptoms (ECG + echocardiography). If the genetic test
is negative for a definite HCM causing mutation the rela-
tives are dismissed from future controls and reviewed only
if they experience symptoms. Repeat clinical assessment is
also indicated in relatives when genetic testing is not
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performed in the proband, or when there are more genetic
variants of unknown importance (ECG + echocardiography
at intervals depending on age of disease onset severity of
the disease in the family) [33, 34]. Genotype positive
phenotype negative individuals are considered of preclini-
cal stage characterized by ECG, morphological and func-
tional abnormalities [35, 74] with a rather benign course
during this stage [11, 36].

Differential diagnosis

Particular attention is needed in the differential diagnosis from
athlete’s heart, hypertensive disease, cardiac amyloidosis,
Anderson—Fabry disease, and isolated basal hypertrophy of
the interventricular septum. Main criteria for the differential
diagnosis are summarized in Table 2.

(a) The athlete’s heart especially in the “overlap zone” be-
tween extreme expressions of athlete’s heart and the mild
HCM phenotype, of 13—-15 mm [37, 38]. HCM is favored
with LV end-diastolic cavity <45 mm, abnormal LV fill-
ing pattern, identification of sarcomere mutation, T-wave
inversion on ECG, and family history of HCM [39].
Additionally, LGE by CMR and absence of LV mass
regression after short periods of deconditioning are fea-
tures consistent with HCM diagnosis [40, 41].
Assessment of extracellular volume (ECV) by T1 map-
ping in CMR has also been applied in differentiation
between HCM and athlete’s heart. As LV hypertrophy
increases in athlete’s heart, there is a reduction in ECV,
whereas increased ECV is associated with advanced
“pathological” hypertrophy and increased myocardial
disarray in HCM [42].

(b) Hypertension, where the ECG has no significant ab-
normalities or is characterized by the presence of LV
hypertrophy with high voltage. Marked repolarization
abnormalities and Q waves are unusual in hyperten-
sive cardiomyopathy [43]. Maximum LV wall thick-
ness <15 mm (Caucasian) and <20 mm (black) are
findings consistent with hypertensive LV hypertrophy
rather than HCM [44, 45]; however, an overlap zone
of the degree of hypertrophy between these two con-
ditions is not uncommon. Strict regulation of hyper-
tension leads to regression of hypertrophy in hyper-
tensive disease within a 6—12-month period. Severe
diastolic dysfunction, family history of HCM, and
extensive presence of LGE in CMR are features more
consistent with HCM [2, 25].

(¢) Anderson—Fabry disease, which is due to a defi-
ciency of o-galactosidase and is characterized by
LV hypertrophy, a variety of ECG abnormalities,
and myocardial fibrosis. Enzyme replacement ther-
apy may lead to regression of hypertrophy [47—49].
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(d) Cardiac amyloidosis (CA) characterized by amyloid de-
position in the cardiac tissue and manifested as restrictive
cardiomyopathy in the early stages of the disease.
Symptoms include dyspnea on exertion, abdominal dis-
tension, lower limb edema, orthostatic hypotension, and
syncope. Low QRS voltage in ECG and increased ven-
tricular wall thickness with granular sparkling appear-
ance of the myocardium on echocardiography (Fig. 7,
Fig. 8a) are characteristic findings of the disease [50,
51]. Other echocardiographic findings include thicken-
ing of cardiac valves and interatrial septum, diastolic
dysfunction (Fig. 8b), reduced myocardial velocities in
TDI (Fig. 8c), biatrial enlargement, and in advanced
stages systolic dysfunction [52, 75].

However, none of these findings are specific for the diag-
nosis of cardiac amyloidosis. The significant decrease of lon-
gitudinal strain in the mid- and basal LV segments with rela-
tive preservation of the apical region has been found to be
diagnostic findings with high sensitivity (93%) and specificity
(82%) (area under the curve 0.94) in differentiating CA from
others causes of LV hypertrophy including HCM (Fig. 8d)
[76]. In the diagnosis of amyloidosis, the following also

3/07/2012 10:14:30
: 1.7 MHz/3.6 MHz

contribute: CMR-LGE pattern of distribution with diffuse
subendocardial or transmural enhancement in combination
with dark blood pool, as opposed to HCM in which LGE
occurs in the midwall and shows patchy distribution [77],
and 99mTc-3,3-diphosphono-1,2-propanodicarboxylic acid
scintigraphy in the differential diagnosis between
transthyretin-associated cardiac amyloidosis (TTR-
amyloidosis) and HCM. In patients with TTR-amyloidosis,
there is radio-drug uptake from the cardiac tissue in contrast
to HCM that shows no radio-drug uptake [78, 79].

(e) Isolated hypertrophy (>12-13 mm) of the basal seg-
ment of the interventricular septum with a proximal
septum-to-mid/distal septum thickness ratio > 1.5 is
often observed in the elderly, and differential diagno-
sis from genetic HCM may be challenging [53].
Absence of typical symptoms of HCM, absence of
family history of HCM/SCD, absence of SAM and
LVOT obstruction at rest, and septum thickness <
15 mm in combination with posterior wall thickness
<11 mm favor the diagnosis of isolated basal hyper-
trophy rather than HCM [54]. Furthermore, absence
of a causative mutation at genetic testing and absence

Fig. 7 Cardiac amyloidosis with increased thickness of the LV walls and sparkling appearance of the interventricular septum
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Fig. 8 Parasternal long-axis view with increased LV wall thickness in a
patient with cardiac amyloidosis a with advanced diastolic dysfunction as
indicated by a ratio £/A >2 b and reduced myocardial velocites by tissue

of LGE by CMR may be supportive of isolated basal
hypertrophy [54, 55].

Treatment

Management of hypertrophic obstructive
cardiomyopathy

Pharmacological treatment of hypertrophic obstructive
cardiomyopathy

Typical symptoms of HCM include dyspnea, chest pain, palpita-
tions, and syncope. Treatment is aimed at improvement of symp-
toms, exercise capacity, and functional status, especially in patients
with HOCM. First-line treatment includes [(3-blockers without
vasodilatory effect (metoprolol, propranolol, atenolol, while
nebivolol and carvedilol are contraindicated) [2, 80]. Patients with
HOCM should avoid dehydration, arterial and venous vasodila-
tors, and digoxin as all the aforementioned factors could increase
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intracavitary obstruction [81, 82]. Verapamil as monotherapy is
recommended for improvement of symptoms in case of intoler-
ance to (3-blockers [2, 83]. However, verapamil should not be
prescribed to HCM patients with reduced LVEF due to its known
negative inotropism and should be used with caution in HOCM
with high gradient and pulmonary hypertension [84].

If symptoms persist, it is recommended to add disopyramide
in combination with either a [3-blocker or verapamil [2, 85].
Diltiazem also has similar effects with verapamil [86].

If patients with LVOT obstruction develop pulmonary edema
with hypotension, the use of inotropic drugs (doboutamine, do-
pamine) and vasodilators is contraindicated whereas intravenous
administration of a [3-blocker in combination with a vasocon-
strictor (phenylephrine, nor-adrenaline) is recommended.

Invasive treatment of hypertrophic obstructive
cardiomyopathy

Invasive treatment in HOCM is recommended when the max-
imum pressure gradient in the LV outflow exceeds 50 mmHg
despite the maximum tolerated drug delivery and the patient
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has moderate to severe symptoms (NYHA III or IV) or recur-
rent syncope [2].

Invasive techniques include surgical septal myectomy
(Morrow procedure) [87] and alcohol septal ablation (ASA)
by injection of alcohol into a septal perforator branch that
supplies the hypertrophied segment of the basal septum [88,
89] after myocardial contrast administration in order to accu-
rately determine the exclusive localization of the contrast to
the basal septum [90, 91].

Both techniques aim at the reduction of septal mass, ob-
struction regression, and improvement of symptoms. Surgical
myectomy is preferred when there are other surgical indica-
tions including mitral valve replacement or repair (in case of
moderate to severe mitral valve regurgitation) or coronary
bypass. A partial excision and realignment of ectopic, hyper-
trophic, or displaced papillary muscles can be incorporated in
an extended myectomy. Myectomy can be also applied to
patients with midcavity obstruction [92].

In general, myectomy is recommended in younger patients
while ASA in older HCM patients with substantial co-mor-
bidities, which cause a higher surgical risk.

Despite similar efficacy of septal myectomy and ASA in
terms of gradient reduction, improvement of symptoms, and
improvement of long-term survival similar to the general pop-
ulation levels [93], there is no direct comparison between these
two techniques in a randomized clinical trial. However, data
from several meta-analyses indicate improvement of functional
status with a similar procedural mortality. In Liebregts’s post-
analysis, long-term mortality (mean follow-up 6.2 years) was
similarly low between septal myectomy and ASA (septal
myectomy 1.4% per year vs 1.5% per year for alcohol ablation,
p=0.78). ASA is associated with a substantial risk for atrio-
ventricular block, requiring permanent pacemaker implanta-
tion. A permanent pacemaker was implanted in 10% of patients
with ASA and 4.5% in myectomy (p <0.001). Moreover, a
repetitive intervention was more often required in ASA 7.7%
vs 1.6% in myectomy p =0.001 [94].

In Vriesendorp’s post-analysis in a 10-year follow-up, sur-
vival in patients with myectomy was 85% similar to that of
ASA at 82%. However, multivariate analysis showed that
ASA was an independent factor for sudden death compared
to myectomy (HR 2.1, p = 0.04). Patients treated with ablation
activated ICD more often (20%) than patients treated with
myectomy (3.5%) [95]. Apart from the fact that these obser-
vations were partially based on data from the only study that
showed excess mortality after ASA [96] and has been criti-
cized in terms of the technique used [97, 98], survival free of
SCD after ASA has been shown to be very high in numerous
studies of medium- to long-term follow-up. Additionally, the
risk factors for SCD appear to diminish significantly after
ASA [91, 99].

In the Euro ASA registry with 1275 patients who had ASA,
the 30-day mortality was 1%, and the 10-year survival was

77%, respectively. In multivariate analysis, independent prog-
nostic indicators for mortality after ASA were age, septal
thickness before ASA, NYHA class, and LVOT pressure gra-
dient after ASA [99]. For every 1-mmHg increase in the re-
sidual pressure gradient, long-term mortality increased by 1%.
Therefore, in ASA, it is very important to aim for the signif-
icant reduction in septal thickness in order to minimize the risk
for residual obstruction.

Moreover, the appropriate choice of patients is also a cru-
cial parameter as it has recently been indicated that younger
(<50 years) patients treated with ASA had better outcomes
compared to older patients in terms of 30-day and long-term
survival and pacemaker implantation rates. Thus, ASA could
be expanded to younger patients with good results [100].

Alternative methods of septal ablation have been recently
introduced. Endocardial radiofrequency (RF) ablation can be
applied directly from the LV endocardial surface by bypassing
the access from coronary arteries and can result in modest
reduction of basal septal hypertrophy LVOT gradients and
functional class [101, 102].

Treatment of heart failure in hypertrophic cardiomyopathy

Patients with HCM with symptoms of HF and impaired LVEF
<50% without LVOT obstruction should be treated with
ACE/ARBS, 3-blockers, low-dose loop diuretics, and miner-
alocorticoid receptor antagonists [2].

Heart transplantation should be considered in symptomatic
patients with LVEF < 50% and NYHA III-IV despite optimal
medical therapy, whereas symptomatic patients with LVEF >
50%, NYHA II-1V, and severe diastolic dysfunction despite
medical therapy may be also considered for transplantation
[2].

The survival of HCM patients undergoing heart transplan-
tation is similar to that for non-HCM causes and superior to
that for CAD with acute rejection being relatively rare [103,
104].

Management of atrial fibrillation in hypertrophic
cardiomyopathy

Atrial fibrillation (AF) is the most common arrhythmia in
patients with HCM. Prevalence and annual incidence of AF
is 22.5% and 3.1%, respectively, whereas prevalence and an-
nual incidence of thromboembolism in HCM patients with AF
is 27.1% and 3.8%, respectively [105]. Heart failure and
thromboembolism are the main complications and the leading
causes of death in elderly patients with AF and HCM [106].
Left atrial remodeling due to elevated LV filling pressures,
mitral regurgitation, LVOT obstruction, and age are the main
factors responsible for AF [2]. It is recommended that HCM
patients in sinus rhythm with LA diameter >45 mm should
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undergo 48-h ambulatory ECG monitoring to detect AF every
6—12 months [2].

In case of new-onset AF with hemodynamic instability,
direct current cardioversion is recommended whereas in he-
modynamically stable patients, i.v. amiodarone should be
used for restoration of sinus rhythm and for achieving rhythm
control. [3-Blockers, verapamil, and diltiazem are recom-
mended for slowing rapid ventricular response in hemody-
namically stable patients, whereas digoxin should be avoided
in case of LVOT obstruction [2]. Class IC antiarrhythmics,
such as flecainide and propafenone, should be avoided due
to the risk of prolongation of the QRS duration and the QT
interval, that may result to conversion AF to atrial flutter with
increased 1:1 ventricular conduction [2]. Regarding preven-
tion of thromboembolism in HCM, use of the CHA2DS2-
VASc score to calculate stroke risk is not recommended. It is
recommended that HCM patients with AF should receive life-
long treatment with vitamin K antagonists (VKAs) with a
target international normalized ratio between 2.0 and 3.0, even
after restoration of sinus rhythm [2]. There are no solid data on
the use of new oral anticoagulants (NOACs) (e.g., apixaban
and rivaroxaban [factor Xa inhibitors], or dabigatran [throm-
bin inhibitor]), in patients with HCM, but they are recom-
mended in case of failure of maintenance or failure of moni-
toring therapy with VKAs. Ventricular rate control using f3-
blockers and nondihydropyridine calcium channel antagonists
(verapamil, diltiazem) is recommended in patients with par-
oxysmal, persistent, or permanent AF [2].

Catheter ablation for AF should be considered in patients
without severe LA enlargement, who have drug-refractory
symptoms or are unable to take anti-arrhythmic drugs [107].
Catheter ablation is a safe and effective procedure for patients
with HCM [107, 108]; however, usually more ablation proce-
dures are required to achieve sinus rhythm compared with
patients without HCM [109]. In a recent meta-analysis of 15
studies, freedom from atrial arrhythmia after a single proce-
dure was 45% [110]. After multiple ablation procedures, the
overall success rate was 66%. The final success rate was 72%
in patients with paroxysmal AF and 47% in persistent AF.
Even after successful ablation, antiarrhythmic therapy was
often required to maintain sinus rhythm. Without anti-
arrhythmic drugs, the success rate even after multiple proce-
dures was 50.4% [110].

Pregnancy and hypertrophic cardiomyopathy

Women with HCM usually tolerate pregnancy well. Recently,
a meta-analysis indicated maternal mortality of 0.5%, and
worsening of symptoms related to HCM in 29% of cases
[111]. The risk of premature birth was increased (26%)
[111]. Risk of death and cardiovascular complications is in-
creased in HCM women in case they are symptomatic pre-
pregnancy or exhibit a high-risk profile including diastolic
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dysfunction, severe LVOT obstruction, and arrhythmias [2,
112].

Adequate and timely counseling on contraception, the risks
associated with pregnancy, and the risk of disease transmis-
sion to the child is important in HCM women [2]. According
to World Health Organization (WHO) classification [2], most
HCM patients are WHO class II (mild to moderate LVOT
obstruction, asymptomatic with or without medication, well-
controlled arrhythmia, normal systolic LV function, or mild
LV dysfunction) or WHO class III (severe LVOT obstruction,
symptoms or arrhythmias despite optimal medication, moder-
ate systolic LV dysfunction). Pregnancy is contraindicated in
WHO class IV with severe symptomatic LVOT obstruction or
severe systolic LV dysfunction [2]. Women in WHO class 11
should be assessed each trimester, and those in WHO class 111
should be assessed monthly or bimonthly [112]. Symptomatic
status, LVOT obstruction, arrhythmias, and ventricular func-
tion should be assessed. Echocardiography should be per-
formed each trimester or when new symptoms occur.

Beta-blockers should be continued if they are already being
taken. They should be started when new symptoms occur (pref-
erably metoprolol), for rate control in AF, and for ventricular
arrhythmia suppression (with monitoring of fetal growth or for
occurrence of fetal atrioventricular block) [2]. Verapamil can be
administered when beta-blockers are not tolerated [2].
Cardioversion is safe and should be considered for poorly tol-
erated AF. Anticoagulation is recommended for those with par-
oxysmal or persistent AF. Low molecular weight heparin with
anti-factor-Xa monitoring (peak anti-Xa level 0.8—1.2 U/mL 4—
6 h post-dose) in the first trimester and from the 36th week
onwards, or VK As in the second and third trimester are recom-
mended for paroxysmal or persistent AF [112]. NOACs are not
recommended because of proven toxicity in animals and insuf-
ficient data in humans. When indicated, pacemaker or ICD
implantation during pregnancy should be performed, preferably
with echocardiographic guidance [112, 113].

Competitive sports in hypertrophic cardiomyopathy

Participation in high-intensity competitive sports itself may
induce life-threatening ventricular arrhythmias and acts as a
potent independent risk factor for SCD in HCM patients, even
in the absence of the conventional risk markers [114].
According to current guidelines, restriction from competi-
tive sports is recommended in patients with HCM [2].
Conversely, retrospective data indicate that SCD is relatively
rare among HCM patients who exercise regularly [115]. It has
recently been indicated that in a small cohort of 35 athletes
with HCM during a 9-year follow-up period, there were no
differences in the incidence of symptoms or major events be-
tween athletes who had become sedentary after diagnosis and
athletes who continued participating in competing sports [116].
Current data indicate that not all HCM patients participating in
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exercise programs are at increased risk for fatal arrhythmias.
Thus, engagement in competing sports may be reasonable after
fully considering disease characteristics, the age of the athlete,
duration in competitive sports prior to HCM diagnosis, and the
presence of conventional risk factors for SCD.

According to recent ESC recommendations for participa-
tion in competitive and leisure time sports in athletes with
cardiomyopathies [117], conditions that reasonably represent
absolute contraindications for competitive sports participation
include:

(1) History of aborted SCD/cardiac arrest

(2) Symptoms, particularly unheralded syncope

(3) Exercise-induced ventricular tachycardia

(4) High ESC 5-year risk score

(5) Significant increase in LV outflow gradient (> 50 mmHg)
(6) Abnormal blood pressure response to exercise

On the contrary, adult athletes with mild clinical expres-
sions of HCM and low ESC risk score may be selectively
allowed to participate in all competitive sports, with the ex-
ception of those where syncope may be associated with harm
or death.

Novel therapies currently being applied in HCM

There are completed and ongoing clinical trials investigating
the effectiveness of novel pharmacological treatment in HCM,
mainly for the prevention or regression of LV hypertrophy in
early stages of the disease. Clinical trials of novel pharmaco-
logical therapies are summarized in Table 4. In the INHERIT
trail, 133 patients with HCM were randomized to receive either
100 mg of losartan or placebo. The primary endpoint was the
reduction of the LV mass, whereas secondary endpoints includ-
ed changes in the amount of LV fibrosis as assessed by LGE on
MRI, maximum LV wall thickness, LA volume, and plasma
levels of NT-pro-brain natriuretic peptide. After 12 months,
no reduction in LV mass was observed in the losartan arm,
and there was no difference in LV mass change with the placebo
arm. The same was true for all secondary endpoints [118].

The VANISH trial is an ongoing randomized trial, testing the
modification of the disease with valsartan in sarcomere mutation
carriers with HCM and no/minimal symptoms, or those with
early phenotypic manifestations but no LV hypertrophy [119].

Diltiazem has been tested as a disease modifier in sarco-
mere mutation carriers, and it has been indicated that diltiazem
may improve LV remodeling in HCM [120].

In the RESTYLE-HCM trial, the effects of the late sodium
current inhibitor ranolazine were tested on functional capacity
using cardiopulmonary exercise test, symptomatic status, diastol-
ic function, and arrhythmias in nonobstructive HCM patients.
Patients were randomly assigned to placebo or ranolazine for
5 months. Ranolazine showed no overall effect on exercise

performance, natriuretic peptide levels, diastolic function, or qual-
ity of life. However, ranolazine was associated with reduced pre-
mature ventricular complex burden (> 50% reduction vs baseline
in 61% with ranolazine vs 31% for placebo; p =0.042) [121].

As with ranolazine, eleclazine, a novel late sodium current
inhibitor, showed no efficacy on exercise capacity in HCM,
which resulted in premature termination of the LIBERTY-
HCM trial [122].

Mavacampten is a novel, oral, allosteric modulator of car-
diac myosin being developed for the treatment of HCM
aiming to reduce cardiac muscle contractility by inhibiting
the excessive myosin-actin crossbridge formation that under-
lies the excessive contractility. In the ongoing EXPLORER-
HCM trial, administration of mavacamten is being tested in
terms of reduction in LVOT obstruction, improvement in
symptom severity as assessed by NYHA class, and increase
in exercise capacity assessed by measurement of peak oxygen
consumption by cardiopulmonary exercise testing in symp-
tomatic obstructive HCM [123].

Spironolactone is being tested for relief and/or regression
of the fibrotic process in HCM in an ongoing trial [124].

Perhexiline, is a metabolic modulator that inhibits the me-
tabolism of free fatty acids and enhances carbohydrate utiliza-
tion by cardiomyocytes towards an improvement of energy
homeostasis in HCM. It was initially indicated that
perhexiline improved the ratio of myocardial phosphocreatine
to adenosine triphosphate in the myocardium, resulting in im-
proved diastolic function and exercise capacity [125].
However, lack of efficacy of perhexiline in terms of outcomes
and exercise capacity in HCM with moderate to severe heart
failure resulted in premature termination of a clinical study
designed to enroll 320 HCM patients [126].

Gene therapy seems a promising treatment option in HCM
caused by mutations in genes encoding sarcomeric proteins.
MYBPC3 trans-splicing and gene replacement in human in-
duced pluripotent stem cell-derived cardiomyocytes (hiPSC-
CMs) has been tested in HCM with heterozygous mutation in
the MYBPC3 gene aiming towards regression of hypertrophy
and partial restoration of normal gene expression [127].

Moreover, recent advances in genome modification tech-
nologies, such as clustered regularly interspaced short palin-
dromic repeats (CRISPR/cas9) system, facilitating specific
editing of individual gene mutations may lead to individual-
based pharmacological approaches in HCM [128].

Prognosis

With the contemporary treatments for HCM, mortality due to
the disease is low, and HCM patients have normal or near-
normal life expectancy without significant adverse events.
However, given the clinical and genetic heterogeneity of the
disease, a number of HCM patients are at risk for adverse
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outcomes related to HCM, including heart failure and SCD. In
a recent meta-analysis of 19 studies including 12.146 HCM
patients, the pooled 1-, 3-, 5-, and 10-year survival rates were
98.0%, 94.3%, 82.2%, and 75.0%, respectively. Age, NYHA
class, family history of sudden death, syncope, AF,
nonsustained ventricular tachycardia, maximum LV wall
thickness, and LV obstruction were significant prognostic fac-
tors for cardiovascular death. Estimation of population attrib-
utable risk indicated that nonsustained ventricular tachycardia
was the strongest predictor for cardiovascular death (13.02%,
95% confidence interval 3.60-25.91%), while LVOT
obstruction/midventricular obstruction was the strongest pre-
dictor for all-cause death and SCD (10.09%, 95% confidence
interval 4.72-20.42% and 16.44%, 95% confidence interval
7.45-31.55%, respectively). Thus, early identification of
prognostic factors is crucial in order to permit timely interven-
tions to reduce cardiovascular complications and improve sur-
vival rates of HCM patients [129].

Conclusions

In conclusion, the correct diagnosis of hypertrophic cardiomy-
opathy requires the correct application of echocardiography in
combination with advanced imaging techniques such as CMR.
Genetic testing is an integral part of clinical practice as it carries
both diagnostic and prognostic value. The MOGE(s) approach
enables a standardized classification of cardiomyopathies, in-
cluding HCM. Furthermore, the ESC predictive model for SCD
has a central role for the appropriate risk stratification and pri-
mary prevention. Differential diagnosis between HCM and oth-
er diseases with LV hypertrophy has significant impact on prog-
nosis and treatment strategies. Treatment is based on pharma-
cological therapy, surgery, and invasive treatment with alcohol
septal ablation aiming at the reduction of symptoms and im-
provement of functional capacity.
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