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Hypertrophic obstructive cardiomyopathy
Josef Veselka, Nandan S Anavekar, Philippe Charron

Hypertrophic obstructive cardiomyopathy is an inherited myocardial disease defined by cardiac hypertrophy 
(wall thickness ≥15 mm) that is not explained by abnormal loading conditions, and left ventricular obstruction greater 
than or equal to 30 mm Hg. Typical symptoms include dyspnoea, chest pain, palpitations, and syncope. The diagnosis 
is usually suspected on clinical examination and confirmed by imaging. Some patients are at increased risk of sudden 
cardiac death, heart failure, and atrial fibrillation. Patients with an increased risk of sudden cardiac death undergo 
cardioverter-defibrillator implantation; in patients with severe symptoms related to ventricular obstruction, septal 
reduction therapy (myectomy or alcohol septal ablation) is recommended. Life-long anticoagulation is indicated after 
the first episode of atrial fibrillation.

Introduction
Hypertrophic cardiomyopathy is characterised by the 
presence of increased left ventricular wall thickness that 
is not explained by abnormal loading conditions (such as 
hypertension or valvular disease).1,2 The definition is 
clinical: it makes no a priori assumptions regarding 
aetiology or pathology, and it is both practical and 
appropriate for everyday clinical practice. The distinction 
between primary and secondary myocardial disorders 
has been abandoned because of overlap between 
aetiological factors and because of increasing recognition 
of underlying causes.3

Obstruction of the left ventricular outflow tract (LVOTO) 
is a major hallmark of hypertrophic cardiomyopathy and 
underlies the first historical pathological description in 
1868 by Vulpian, reported as idiopathic hypertrophic 
subaortic stenosis,4 as well as the more modern description 
in the 1950s by Brock and Teare.5,6 The obstruction, defined 
as a maximal left ventricular gradient greater than or 
equal to 30 mm Hg at rest or with provocation, is present 
in approximately two-thirds of patients with hypertrophic 
cardiomyopathy, and constitutes diagnosis of hypertrophic 
obstructive cardiomyopathy.

In this Seminar we review essential knowledge of 
hypertrophic cardiomyopathy that is necessary for a basic 
understanding of this field, with a specific focus on 
treatments for hypertrophic obstructive cardiomyopathy. 
The evidence for clinical management of hypertrophic 
cardiomyopathy and hypertrophic obstructive cardio-
myopathy is based predominantly on observational 
cohort studies and analyses of registries rather than on 
randomised controlled trials. Therefore, a major goal of 
this Seminar is to provide a balanced overview and 
update of hypertrophic obstructive cardiomyopathy, 
highlighting both recently published findings and 
current controversies.

Epidemiology
The prevalence of unexplained left ventricle hypertrophy 
is estimated by several global studies (in the USA, 
Europe, Asia, and east Africa) to be about one in 
500 adults (0·2%) in the general population.7 In children 
the true prevalence is unknown, but population-based 
registries reported an incidence of 0·3–0·5 per 100 000.8,9 

Most studies observe a lower incidence in children than 
in adults and also a small male preponderance that could 
be related to a particular natural history of this genetic 
disease, with age-related and earlier onset in men than in 
women.10 Genetic studies performed in families with 
hypertrophic cardiomyopathy, or in the general 
population, also led to the identification of mutation 
carriers with no phenotypic expression (ie, at the 
preclinical stage), or of unknown clinical status, which 
could suggest a higher prevalence of hypertrophic 
cardiomyopathy than previously estimated.7,11

Causes
Hypertrophic cardiomyopathy is a genetic disease in 
almost all cases,12,13 with acquired disease (table 1, panel) 
occurring only very rarely or in patients with a particular 
presentation, such as in amyloid light-chain or senile 
amyloidosis. Most genetic causes are related to mutations 
in sarcomeric proteins, but non-sarcomeric genetic 
mutations are observed in a substantial proportion of 
patients, especially in children.

Sarcomeric causes
About 35–60% of patients with hypertrophic cardio-
myopathy carry a pathogenic mutation in sarcomeric 
protein genes with an autosomal dominant inheritance 
(table 1)14,15 and are more frequently identified in the 
context of familial forms, greater wall thickness, and 
reverse curve hypertrophy.15,16 Most mutations are 
heterozygous missense or truncating mutations and are 
observed in genes encoding myosin heavy chain, cardiac 
muscle β isoform (MYH7), cardiac myosin binding 
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Search strategy and selection criteria

We searched PubMed with the keywords “hypertrophic 
obstructive cardiomyopathy”, without date restrictions. 
We largely prioritised publications from the past 5 years, 
but did not exclude the most important older publications. 
Citations from journals with higher impact factors were given 
greater consideration. We attempted to balance scientific 
sources from different geographical areas. There were no 
language restrictions.

http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(16)31321-6&domain=pdf


Seminar

1254 www.thelancet.com   Vol 389   March 25, 2017

protein C (MYBPC3), or cardiac muscle troponin T 
(TNNT2). Several studies10,17–22 report an age-related 
penetrance, since left ventricle hypertrophy might not 
develop until the third decade or beyond, and in rare 
cases can be incomplete (with no cardiac expression at 
advanced age). Apart from the large genetic heterogeneity, 
phenotypic heterogeneity is also obvious both between 
and within families, which suggests a complex genotype-
phenotype relations. Although results of early 
investigations suggested an association between 
increased risk of sudden cardiac death or an early-onset 

phenotype with some genes or mutations (especially 
some mutations in TNNT2 or MYH7 genes),15–18,21 no clear 
and consistent correlations have been seen for most 
mutations. However, several studies show that some 
patients could have a complex genotype with multiple 
mutations, with a more severe or earlier disease onset, 
related to a gene-dosage effect.14,23–27 It was also suggested 
that patients with a sarcomere mutation had an increased 
risk of cardiovascular events, especially heart failure, in 
comparison with patients who had negative results from 
genetic testing and no sarcomere mutation.28–30

Non-sarcomeric causes
Non-sarcomeric genetic causes of disease have been 
observed in about 25% of children with hypertrophic 
cardiomyopathy in a US paediatric registry,31 mainly 
related to inborn errors of metabolism (eg, Pompe 
disease), malformation syndromes (e,g, Noonan 
syndrome), and neuromuscular disorders (eg, Friedreich 
ataxia). In adults, the proportion of non-sarcomeric causes 
of hypertrophic cardiomyopathy is lower but includes 
metabolic storage diseases such as Danon disease (LAMP2 
gene), Fabry disease (GLA gene), left ventricle hypertrophy 
associated with Wolff-Parkinson-White syndrome 
(PRKAG2 gene), familial amyloidosis (TTR gene), and 
mitochondrial cardiomyopathies. Recognition of these 

Gene Locus Associated 
phenotype

Gene frequency (%) or 
inheritance

Sarcomeric genes: thick filament

Beta myosin heavy chain MYH7 14q11.2 .. 20–30%

Regulatory myosin light chain MYL2 12q23-q24 .. 2–4%

Essential myosin light chain MYL3 3p21.3 .. 1–2%

Sarcomeric genes: intermediate filament 

Cardiac myosin-binding protein C MYBPC3 11p11.2 .. 30–40%

Sarcomeric genes: thin filament

Cardiac muscle troponin T TNNT2 1q32.1 .. 5–10%

Cardiac troponin I TNNI3 19q13.4 .. 4–8%

α-tropomyosin TPM1 15q22.1 .. <1%

α-cardiac actin ACTC1 15q11q14 .. <1%

Non-sarcomeric genes

α-galactosidase A GLA .. Fabry disease X-linked; 1–2% of men

Transthyretin TTR .. Amyloidosis Dominant; 1–10%

Lysosome-associated membrane glycoprotein 2 LAMP2  .. Danon disease X-linked; rare

AMP-activated protein kinase subunit gamma 2 PRKAG2 .. Wolff-Parkinson-
White syndrome

Dominant; rare

Four and a half LIM domains protein 1 FHL1 .. FHL1-related 
diseases

X-linked; rare

Lysosomal alpha-glucosidase GAA .. Pompe disease Recessive; rare

Tyrosine-protein phosphatase, non-receptor type 11 PTPN11 .. Noonan disease Dominant; rare

Frataxin FXN .. Friedreich disease Recessive; rare

Mitochondrial DNA genes .. .. Mitochondrial 
diseases such as 
MELAS and MERFF

Mitochondrial; rare

Table 1: Main causes of hypertrophic cardiomyopathy

Panel: Other main causes of hypertrophic cardiomyopathy

Non-genetic causes
•	 Amyloid	light-chain	or	senile	transthyretin	amyloidosis 
•	 Neonate of diabetic mother
•	 Drug-induced (tacrolimus, steroid)

Differential diagnosis
•	 Hypertension* and phaechromocytoma
•	 Aortic valve stenosis*
•	 Athlete’s heart
•	 Obesity*

*excluded by the definition of hypertrophic cardiomyopathy
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particular diseases is especially important because of the 
specific management, and sometimes treatments, that 
could be proposed.32

Pathophysiology
Most patients have an asymmetric pattern of left ventricle 
hypertrophy that affects mainly the interventricular 
septum, although other patterns, including apical 
or concentric hypertrophy, can be observed.33,34 Micro-
scopically, there is myocyte and myofibrillar disarray, 
increase in interstitial connective tissue, areas of 
replacement fibrosis, and medial hypertrophy of small 
coronary arteries.35–37 Diastolic dysfunction is commonly 
observed along with preserved ejection fraction.

Intraventricular obstruction usually occurs at the left 
ventricular outflow tract, but can be midventricular. The 
obstruction at the left ventricular outflow tract is caused 
by systolic anterior motion of the mitral apparatus 
towards the hypertrophied septum (figure 1). The drag 
forces across the mitral valve pull the leaflets anteriorly to 
the basal septum and lead to both LVOTO and 
malcoaptation of the mitral leaflets, resulting in mitral 
regurgitation. Midventricular obstruction is caused by 
hypertrophied papillary muscles and midventricular 
hypertrophy (figure 2). The left ventricular obstruction is 
dynamic and the degree of obstruction depends largely 
on loading conditions and cardiac contractility. Therefore, 
physiological and pharmacological manoeuvres that 
decrease left ventricular volume (Valsalva manoeuvre, 
vasodilatation caused by nitrates, or standing from 
squatting to an upright position) or increase contractility 
(dobutamine) are associated with augmentation of 
obstruction. The left ventricular obstruction can be found 
in one-third of patients at rest and in one-third of patients 
during exercise or provocative manoeuvres (so-called 
latent obstruction). Exceptionally, right ventricular 
obstruction is detected in patients with an extremely 
thick interventricular septum.

Primary abnormalities of the mitral apparatus are also 
commonly observed and include leaflet elongation, valve 
dysplasia or prolapse, chordal elongation, papillary 
muscle hypertrophy or bifidity, and abnormal origins or 
insertions of the papillary muscles.38,39

Efforts have been made to understand the consequences 
of sarcomeric mutations, especially missense MYH7 
mutations, through various in-vitro, ex-vivo, or animal 
model experiments. The mechanisms by which 
mutations lead to the cardiac phenotype are still a matter 
of discussion but studies consistently suggest a 
hypercontractile model that involves an increase in 
ATPase activity, actin sliding velocity, calcium sensitivity, 
and finally, increase of sarcomeric force generation.40–42 
Other studies, however, had different findings and 
suggested a hypocontractile model with lower force 
generation43,44 and hypertrophy as an adaptive secondary 
process.45 Some authors emphasised early elevated 
sarcoplasmic calcium concentration during diastole46 or 

abnormal ATP use and bioenergetic homeostasis.47 
Appropriate understanding of signalling pathways and 
pathophysiological mechanisms is crucial to develop new 
specific treatment in hypertrophic cardiomyopathy, and 
some preliminary data regarding new treatments are 
very encouraging.42,48

Figure 1: Echocardiography of hypertrophic obstructive cardiomyopathy
Findings of echocardiography are integral to the evaluation of patients with hypertrophic cardiomyopathy. Upper 
panel shows anatomical findings of increased wall thickness. Both 2D echocardiography and M-mode 
echocardiography can be used to estimate the level of outflow tract obstruction caused by systolic anterior motion of 
mitral apparatus. Bottom panel shows Doppler findings. Lower left panel shows continuous wave Doppler used to 
quantitate degree of obstruction; colour flow imaging (lower right panel), shows turbulent flow in the outflow tract 
and associated posteriorly directed jet of mitral regurgitation observed in the setting of systolic anterior motion.

Figure 2: Midventricular obstruction in a patient with apical hypertrophic cardiomyopathy
Panel A shows contrast-enhanced 2D echocardiography in diastole (upper) and systole (lower), clearly illustrating 
the presence of midventricular obstruction. Panel B shows pulsed-wave Doppler (upper) through the left 
ventricular outflow tract, superimposed upon the continuous wave Doppler (lower), and illustrates the timing of 
midventricular obstruction in systole and the apical-to-base flow in early diastole. Panel C shows the invasive 
haemodynamic tracings superimposed on the same continuous wave Doppler signal.
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Clinical presentation
Most patients remain asymptomatic or mildly symptomatic 
throughout life, whereas others have dyspnoea, exercise 
intolerance, chest pain, palpitations, presyncope, and 
syncope. These symptoms are uncommon in children and 
young adults. Therefore, sudden cardiac death might be 
the initial presentation in unfortunate young individuals. 
The frequency of exercise intolerance, dyspnoea, and 
palpitations increases with age.

Clinical diagnosis
The main diagnostic and therapeutic tasks of clinicians 
are summarised in figure 3. The classic auscultatory 
finding is a systolic ejection murmur that is best heard 
between the apex and left sternal border, which increases 
with any manoeuvre that decreases preload or afterload. 
The left ventricular obstruction is typically coupled with 
the murmur of mitral regurgitation at the apex and axilla.

An electrocardiograph (ECG) should be performed in 
all patients, since it is the most sensitive routine 
diagnostic test in the setting of hypertrophic 
cardiomyopathy, and with only 5–10% of patients having 
a normal ECG at the time of presentation.49 Electro-
cardiographic abnormalities include P wave 
abnormalities, prominent septal Q waves—typically seen 
in the inferior and lateral leads—repolarisation 
abnormalities, and left axis deviation. In some instances, 
giant deeply inverted T waves in the precordial leads 
might suggest the midventricular or apical variant of 
hypertrophic cardiomyopathy. Although it is a sensitive 
test, the ECG lacks specificity, and therefore a normal 
ECG should prompt further diagnostic evaluation, 
usually with imaging. Ambulatory (24–48 hour) ECG 
monitoring has an important role in risk stratification. It 
can be useful in the capture of ventricular arrhythmias as 
part of the risk assessment process, or in the evaluation 

of symptoms of palpitations, when it could capture either 
a ventricular or a supraventricular arrhythmia, including 
paroxysmal atrial fibrillation.1

Pathological hypertrophy is considered in the presence 
of unexplained wall thickness of 15 mm or more.1 In 
patients with an established diagnosis of hypertrophic 
cardiomyopathy, lower cutoff values can be used when 
screening first-degree relatives, with an absolute wall 
thickness of 13–14 mm being suggestive of the diagnosis.1 
Two-dimensional (2D) echocardiography is regarded as 
the initial step in evaluation of hypertrophy (figure 1). 
Detection of chamber characteristics, including the 
presence of apical pouches, could be aided by the use of 
intravenous contrast agents to enhance endocardial 
definition (figure 2). However, echocardiography is 
dependent on available acoustic windows for performance 
of the examination, and can be limited by constraints of 
lateral resolution. In these instances, cardiac magnetic 
resonance could be considered as either a second 
approach in the setting of a non-diagnostic echo-
cardiographic examination, or as an alternative initial 
imaging investigation. Indeed, cardiac magnetic 
resonance is more sensitive than echocardiography in the 
detection of segmental wall abnormalities.50,51

In echocardiography (figure 1), both M-mode and 
2D-imaging help delineate systolic anterior motion. With 
systolic anterior motion of the mitral apparatus, the mitral 
regurgitant jet will predictably be posteriorly directed. In 
the presence of a central or anteriorly directed jet, 
consideration must be given to a primary mitral apparatus 
abnormality as a co-contributor to the mitral regurgitation. 
This influences treatment, since resolution of left 
ventricular obstruction will not resolve mitral regurgitation 
in the setting of primary mitral valve disease.

Continuous wave Doppler is used to estimate the 
maximum instantaneous left ventricular gradient, which 
typically occurs in late systole and has a characteristic 
late-peaking, dagger-shaped profile (figure 1). All patients 
should perform the Valsalva manoeuvre to elicit latent 
obstruction; if the test is negative, amyl nitrite inhalation 
or sublingual application of isosorbide dinitrate can be 
used. A thorough assessment of the ventricular apex to 
delineate the presence of an apical aneurysm is especially 
important, and in this regard, contrast echocardiography 
could be useful to define the 2D characteristics of apical 
aneurysm. Doppler interrogation, including colour flow 
imaging, complements this assessment. However, 
cardiac magnetic resonance is superior to echo-
cardiography with contrast for left ventricular apical 
assessment, specifically in the evaluation of apical 
pouches across the spectrum of hypertrophic 
cardiomyopathy.52,53

Assessment of myocardial tissue abnormalities is best 
done with cardiac magnetic resonance (figure 4). In 
hypertrophic cardiomyopathy, interstitial fibrosis is 
common and seen in, on average, two-thirds of patients 
with a range of 33–86% across studies.54–56 In cardiac 

Figure 3: Evaluation strategy and goals of therapy in hypertrophic obstructive cardiomyopathy

Heart failure

Monitor therapy Assess cardiac
anatomy

Septal
reduction

Alcohol septal
ablation

Myectomy

Assess risk for
sudden cardiac death

Exercise testing Hypertrophic obstructive
cardiomyopathy

Assess cardiac
function

Genetic testing
and counselling

Systolic/ 
diastolic

Ischaemia

Family screening

Hypertrophy

Mitral apparatus

Intraventricular
obstruction

Tissue
characterisation

Medical therapy ? Pacing

Arrhythmias



Seminar

www.thelancet.com   Vol 389   March 25, 2017 1257

magnetic resonance imaging, delayed imaging is used to 
assess for late gadolinium enhancement (LGE), which is 
taken as a sign of abnormalities of the extracellular 
milieu, and more specifically is assumed to represent 
fibrotic change.56–60 Typically the pattern with LGE is 
variable and presents as a patchy, mid-myocardial 
abnormality with a predilection for sites of abnormal 
hypertrophy and right ventricular septal insertion. The 
findings with LGE strongly and independently predict 
adverse outcome.55,56,61,62 Quantification with LGE as a 
surrogate of the amount of fibrosis has garnered interest, 
especially in the setting of risk stratification of patients 
for device therapies. However, LGE is challenging from a 
technical standpoint, with variability in sequences that 
measure LGE, thresholds for detection with LGE, and 
timing of post-contrast imaging. The largest meta-
analysis of prognosis studies available at the time of 
guideline publication in the USA and Europe shows a 
trend towards increased risk of sudden cardiac death or 
aborted sudden cardiac death with LGE.63 A follow-up 
meta-analysis that included two subsequent studies 
indicated a significant association between myocardial 
fibrosis, as suggested by LGE on cardiac magnetic 
resonance, and sudden cardiac death or aborted sudden 
cardiac death.64 The extent of LGE appears to correlate 
with the combined risk of sudden mortality events.56,65 
However, absence of an accepted methodological 
standard and histopathological validation of LGE 
quantification in hypertrophic cardiomyopathy, in 
addition to technical variability in LGE imaging, 
challenge the clinical interpretation of LGE quantification 
in standard practice. A more qualitative approach that 
focuses on the extent, location, and severity of LGE might 
be more practical and could assist in management, 
especially in equivocal cases. LGE is of substantial 
importance in the natural history and progression of 
adverse effects in hypertrophic cardiomyopathy, but 
controversy remains regarding the optimal approach to 
quantification and its relationship to sudden mortality 
events. This should prompt further investigation of how 
measurement of LGE can be best merged with current 
risk stratification pathways for the individual patient.

With echocardiography and cardiac magnetic 
resonance, assessment of left ventricular ejection fraction 
can be misleading, since small cavity size can result in a 
normal or supranormal left ventricular ejection fraction, 
even in the presence of abnormalities in systolic function. 
In this regard, Doppler myocardial strain imaging and 
2D speckle-tracking echocardiography can elaborate on 
myocardial abnormalities that contribute to systolic 
dysfunction.38 Cardiac magnetic resonance provides 
information about chamber volumes and left ventricular 
ejection fraction, similar to echocardiography. Myocardial 
tagging using cardiac magnetic resonance can also be 
useful in the assessment of regional function; however, 
this technique is not widely used.66,67 Assessment of left 
ventricular filling pressures remains a challenge, because 

there is no single variable that has been validated as 
completely accurate in measuring this factor in 
hypertrophic cardiomyopathy.38 Despite these challenges, 
a comprehensive echocardiographic examination that 
takes into consideration both 2D and Doppler profiles 
and timing intervals can be used to aid non-invasively in 
the practical assessment of diastolic function.38

Myocardial ischaemia in the absence of epicardial 
coronary artery disease is a common finding in 
hypertrophic cardiomyopathy.68,69 Perfusion abnor-
malities have been associated with a poor prognosis in 

Figure 4: Cardiac magnetic resonance with late gadolinium enhancement in 
a patient with hypertrophic obstructive cardiomyopathy
Steady state free precession (A) sequences are used to assess morphology and 
function, and A is in the short axis imaging plane. Note the severe septal 
hypertrophy extending to involve the right ventricular side of the septum. 
Myocardial delayed enhancement sequence (B) taken at similar levels in the 
short axis imaging plane shows areas of abnormal delayed enhancement, 
consistent with fibrotic change and therefore an increased risk of poor 
cardiovascular outcome.

B

A
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hypertrophic cardiomyopathy70 and conversely, the relief 
of obstruction has been associated with improvement or 
normalisation of perfusion defects.71 Positron emission 
tomography (PET) is the most reliable non-invasive 
quantitative measure of myocardial ischaemia in 
hypertrophic cardiomyopathy.38,72 Abnormalities in 
perfusion after pharmacological vasodilation are seen, 
using PET, in the absence of epicardial coronary artery 
disease and are similarly associated with an adverse 
prognosis,73,74 suggesting microcirculatory abnormalities 
that could be involved in pathogenesis. Direct imaging 
of the coronary arteries is traditionally achieved with 
invasive angiography; however, cardiac CT could offer a 
novel approach to coronary artery imaging. Cardiac CT 
is more sensitive than invasive angiography in detecting 
abnormalities of coronary arterial course, such as 
myocardial bridging,75 and could have a role in the pre-
assessment phase before planned septal reduction 
therapy.

Exercise testing is a safe and important part of the 
clinical evaluation of patients with hypertrophic 
cardiomyopathy.76 There are essentially four areas of the 
evaluation in which exercise testing adds incremental 
value to patient care. The first is in the assessment of 
stress-induced left ventricular obstruction, when such a 
gradient is not present at rest. This becomes important 
especially in the patient with symptoms of hypertrophic 
cardiomyopathy. The second is the determination of the 
blood pressure response to exercise, in which an abnormal 
response could portend an increased risk of sudden 
cardiac death. Third is in the assessment for concomitant 
coronary artery disease and, perhaps more importantly, 
for provocable ventricular arrhythmias, which have been 
associated with adverse clinical outcomes.77 Provocable 
ventricular arrhythmia is an uncommon finding in 
symptom-limited exercise testing; however, when 
ventricular arrhythmias are observed they portend an 
increased risk of sudden cardiac death.77 A simple 
treadmill test suffices for the assessment of blood pressure 
response to exercise; in patients with hypertrophic 
obstructive cardiomyopathy, however, the exercise test 
needs to be coupled with echocardiography.76 The fourth 
benefit, in asymptomatic or mildly symptomatic patients, 
exercise stress testing provides risk stratification, with a 
low event rate in patients achieving greater than 100% 
predicted metabolic equivalents.78

Genetic testing and counselling 
Integration of genetic testing into clinical practice is a 
relatively recent advance. Genetic testing and counselling 
require professionals trained to manage the various 
medical and non-medical implications of a genetic 
disease.1,2,12,79 Two indications for genetic testing in a 
patient with hypertrophic cardiomyopathy (the index 
patient or proband) are highly recommended.1,2

The main reason for the identification of a pathogenic 
mutation in a patient is to facilitate family screening and 

identify first-degree relatives at risk of developing 
hypertrophic cardiomyopathy. When a pathogenic 
mutation has been identified in the proband of the family 
then predictive genetic testing is proposed for first-degree 
relatives. Relatives who do not carry the mutation can be 
discharged from follow-up, whereas those who carry the 
mutation should undergo a regular cardiac examination 
(at least ECG and echocardiography). Indeed, clinical 
long-term follow-up of relatives is mandatory because 
late-onset cardiac expression is observed in a significant 
proportion of patients, even after 30 years of age.19–22,80 
Management of gene-positive, phenotype-negative 
individuals (the preclinical stage of hypertropic 
cardiomyopathy) has emerged as a new challenge, with 
observations indicating that they might exhibit ECG 
abnormalities and mild morphological or functional 
abnormalities, including left ventricle remodelling, tissue 
Doppler abnormalities, myocardial crypts or fibrosis, 
mitral leaflet elongation, and abnormal collagen 
biomarkers.39,81–87 The natural history of this preclinical 
stage is uncertain, with very rare reports of sudden 
cardiac death before obvious left ventricle hypertrophy,88–90 
and most data suggest a benign evolution during this 
stage.22,91,92 Decisions about abstaining from competitive 
sports by these individuals should be discussed on a case-
by-case basis, according to full cardiac examination, type 
of sport activity, underlying genes and mutations, and 
family history.1,93,94 Sports activities are usually permitted, 
but regular cardiac examination is mandatory.

The second reason for genetic testing is to perform 
additional diagnostic investigations in a patient with 
atypical clinical features of hypertrophic cardiomyopathy, 
raising the suspicion of non-sarcomeric genetic cause. 
Appropriate recognition of these diseases, such as 
lysosomal or metabolic disorders, is a major goal since 
their management could be different, with specific 
therapeutics (eg, enzyme replacement therapy in Pompe 
or Fabry disease), different complications (eg, conduction 
defects in PRKAG2 disease), different evolution (eg, rapid 
systolic dysfunction in Danon disease) or different mode 
of inheritance (eg, Fabry and Danon disease are 
X-linked).32 Other situations might benefit from genetic 
testing, but with a lower level of evidence or more 
difficulties in its interpretation, such as equivocal 
diagnosis of hypertrophic cardiomyopathy93 or prognostic 
stratification.9,15–18,91 In a very limited number of cases, 
genetic testing can be discussed for reproductive issues, 
such as prenatal testing or preimplantation diagnosis.95,96

Genetic analyses should be done by a certified diagnostic 
laboratory, since the interpretation of genetic results and 
management of the implications require specific 
expertise.12,79 This requirement is emphasised by advances 
in molecular sequencing technologies and use of next-
generation sequencing in clinical practice.97 This 
technology represents a major advance in the ability 
to rapidly analyse a large panel of hypertrophic 
cardiomyopathy-related genes.98–101 However, the technology 
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also identifies a considerable number of sequence variants 
of unknown clinical significance, which leads to major 
challenges in determining the clinical relevance of some 
next-generation sequencing results.97,102,103

Treatment
The natural history of hypertrophic cardiomyopathy and 
hypertrophic obstructive cardiomyopathy can be in-
fluenced by several therapeutic strategies. These include 
medicines to control symptoms, septal reduction 
therapies, treatments for heart failure and arrhythmias, 
primary and secondary prevention of sudden cardiac 
death with the use of an implantable cardioverter-
defibrillator (ICD), and cardiac transplantation for the 
end-stage, so-called burned-out phase, of the disease. By 
contrast with ischaemic heart disease, there is a paucity 
of randomised clinical trials of pharmacological 
treatments in hypertrophic cardiomyopathy, and 
treatment strategies are largely based on observational 
data and empiricism.

Medical therapy
Medical therapy is the primary measure for controlling 
symptoms, which typically manifest as chest pain, 
dyspnoea, palpitations, or a combination of these 
symptoms. Maximum tolerated doses of non-vasodilating 
β blockers or verapamil (rarely coupled with β blockers) 
are used to decrease heart rate, prolong diastole, reduce 
left ventricular obstruction during exercise, and improve 

myocardial oxygen supply-demand relationships. Notably 
verapamil can, rarely, lead to vasodilation resulting in an 
increase of left ventricular obstruction and subsequent 
worsening of clinical status. As such, its use is not 
recommended in patients with marked obstruction or 
elevated pulmonary artery pressures.104 Therefore, non-
vasodilating β blockers are usually the first-choice 
therapy in symptomatic hypertrophic obstructive 
cardiomyopathy patients and should be titrated up to 
achieve resting heart rate of 50–60 beats per minute.104,105 
Current understanding suggests that medical therapy 
has minimal effect, if any, on the natural progression of 
morphological and physiological abnormalities in 
hypertrophic obstructive cardiomyopathy. Intuitively, 
these drugs might also be considered for treatment of 
asymptomatic or mildly symptomatic patients with 
extremely high resting or provoked obstruction, but there 
are no controlled data to support or refute this 
prophylactic therapeutic approach.

If medical therapy with non-vasodilating β blockers or 
verapamil is unsuccessful, disopyramide or cibenzoline 
can be considered.106 These Class IA antiarrhythmic 
drugs have negative inotropic effects and can decrease 
resting and provoked left ventricular obstruction.107 If 
disopyramide is used, β blockers or verapamil need to be 
continued to prevent rapid atrioventricular conduction, 
especially in patients with atrial fibrillation. However, 
some patients might have anticholinergic side-effects 
(constipation, urinary retention) or hypoglycaemia.106 

Figure 5: Scheme of septal reduction therapy
(A) Left ventricular outflow obstruction (arrow) created by hypertrophied basal septum and systolic anterior motion; (B) transthoracic echocardiography with systolic 
anterior motion (arrow); (C) continuous wave Doppler imaging of dynamic LVOTO; (D) schematic finding after septal reduction; (E) transthoracic echocardiography 
after septal reduction procedure; (F) absence of LVOTO in continuous wave Doppler imaging after septal reduction therapy. LA=left atrium. LV=left ventricle. 
LVOT=left ventricular outflow tract. LVOTO=obstruction of the left ventricular outflow tract. MV=mitral valve. RV=right ventricle.
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When patients suffer from congestive symptoms despite 
traditional treatment with non-vasodilating β blockers or 
verapamil, low-dose loop or thiazide diuretics can be 
given with caution to improve exertional dyspnoea and 
swelling of the legs.

Traditional medical therapy is often effective in 
relieving chest pain, dyspnoea, and syncope during 
exertion. Unfortunately, there is no evidence for any 
improvement in survival, or protection from future heart 
failure or arrhythmias. Several pharmacological inter-
ventions have also been studied, mainly in animal 
models, to attenuate or reverse left ventricle hypertrophy 
and fibrosis.108,109 Although some of these interventions 
showed potentially beneficial effects, solid evidence of a 
clinical effect remains to be established.

Septal reduction therapy
Severe and highly symptomatic left ventricular 
obstruction needs effective mechanical relief in the form 
of septal reduction therapy (figure 5). Candidates for this 
treatment are patients who remain symptomatic despite 
taking the appropriate drug therapy. Inter ventional or 
surgical therapy might also be considered in patients 
who are at high risk of sudden cardiac death and suffer 
from substantial obstruction. It was observed that relief 
of left ventricular obstruction could improve the post-
procedural risk profile, which might be associated with a 
lower risk of sudden cardiac death110,111 but additional 
studies are required to validate or refute these findings.

Surgical myectomy has been the gold standard 
treatment for most patients with intractable symptoms 
for decades.112 Reduction of LVOTO is usually achieved by 
removal of 5–10 g of myocardium from the basal 
interventricular septum. More extensive operations 
include resection of the hypertrophied myocardium in 
the middle or even apical segment of the interventricular 
septum, plication of mitral valve leaflets, removal of 
thickened secondary chordae or mobilisation and 
reorientation of papillary muscles (the so-called RPR 
procedure—resection of the myocardium, plication of 
the anterior leaflet, release of the papillary muscle).113–116 
Results of long-term surgical studies show a permanent 
decrease or even abolishment of LVOTO, reduction of 
mitral regurgitation, and postoperative NYHA class 1 or 
2 in 70–95% of treated patients.114,115,117 Furthermore, 
results of some studies even suggest that longevity of 
post-myectomy life is similar to the sex-matched and 
age-matched general population.114,115

Alcohol septal ablation was introduced as an alternative 
to surgical myectomy in the mid-1990s.118 The technique 
involves injection of a small amount (1–3 mL) of desiccated 
alcohol119 into an appropriate septal branch, which results 
in myocardial necrosis, scarring, and subsequent septal 
shrinking.110,118,120–123 The procedure is followed by a widening 
of the left ventricular outflow tract with a decrease of 
obstruction, a reduction of left ventricle hypertrophy, and 
symptomatic relief.110,120–123 Recently, it has been shown that 

a larger volume of alcohol is slightly more effective in 
decreasing the left ventricular outflow tract gradient, but it 
is also associated with a higher occurrence of peri-
procedural complete heart block. Therefore, doses of 
alcohol between 1·5 and 2·5 mL seem to be well balanced 
in terms of safety and efficacy for most patients.124 Since 
the right bundle-branch block occurs in approximately half 
of patients treated with alcohol septal ablation, the risk of 
complete heart block after this treatment is highest in 
patients with pre-existing left bundle-branch block; 
conversely, most patients after myectomy develop the left 
bundle-branch block. The long-term results from a 
multinational alcohol septal ablation registry show that 
89% of patients, after alcohol septal ablation, are in NYHA 
class 1 or 2, the mean decrease of LVOTO was 76%, and the 
30-day mortality rate was 1%.123 Additionally, despite initial 
fears, late left ventricular dysfunction or a higher rate of 
sudden cardiac death have not been observed, and several 
studies have observed that patients post-alcohol septal 
ablation had a long-term survival comparable with that of 
the sex-matched and age-matched general population.120–122

Both septal reduction treatments, when done in 
dedicated centres, are considered safe and effective. 
However, recent data from the Nationwide Inpatient 
Sample database suggest that a real-world mortality rate 
associated with myectomy (or surgery that involves 
myectomy) might even be 5·9%,125 which contradicts the 
low myectomy-related mortality rates (about 1%) presented 
by the best high-volume North American centres.114,115,117,126 
These contradictory results are probably not unique in the 
progressive evolution of medicine, and it should be 
recognised that the more complex the therapeutic goals, 
the bigger the gap between the results of procedures 
achieved in dedicated centres and community hospitals.123 
Therefore, the procedure-related mortality rate of 0·4% 
for septal reduction therapy, achieved in experienced 
interventional or surgical hypertrophic cardiomyopathy 
centres, should be considered a potential outcome of 
optimum therapy rather than the result of routine clinical 
practice in less-specialised hospitals.123,126,127 Notably, both 
septal reduction treatments are associated with 
complications including complete heart block with 
subsequent implantation of a permanent pacemaker 
(10–12% of patients after alcohol septal ablation and 1–9% 
after myectomy).114,124,125,128 Therefore, septal reduction 
therapy should be performed in dedicated hypertrophic 
cardiomyopathy centres that achieve a procedure-related 
mortality rate less than or equal to 1% (the so-called 1% 
rule). This strategy will assure future patients’ accessibility 
to the best therapy based on long-term experience. 
Importantly, providing that procedure-related mortality is 
fairly low, optimum septal reduction therapy could be 
offered to patients with less limiting symptoms, or to 
patients with extremely high LVOTO and only mild 
symptoms. However, such a strategy requires continued 
rigorous investigation to confirm its validity. Currently, 
patients with only mild basal hypertrophy and long mitral 
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leaflets or redundant chordae; extreme septal hypertrophy, 
significant papillary muscle abnormalities, or both; and 
left ventricular mid-cavity obstruction, are considered 
good candidates for myectomy. Patients with less complex 
left ventricular pathology and hypertrophy localised 
mainly in the basal septum, with appropriate septal 
perforator anatomy, could be better suited to alcohol septal 
ablation. The haemodynamic goal is the same for both 
therapies, and the residual left ventricular gradient should 
be less than 30 mm Hg.129,130

The decision to pursue septal reduction therapy must 
be made in an informed setting. Lessons can be taken 
from the emerging transcatheter strategies for treatment 
of aortic valve stenosis, in which therapeutic decision-
making takes place in the setting of a heart-care team, 
comprised of the patient, clinical cardiologist, 
interventional cardiologist, and cardiovascular surgeon. 
If such an approach, inclusive of all disciplines, is 
advocated in a setting where a high level of expertise and 
appropriate morbidity and mortality statistics are 
available, then the optimum approach that serves the 
needs of the patient will probably be found.

Special therapeutic considerations
Atrioventricular pacing with a short AV interval might be 
considered in older patients with intractable symptoms 
who are high risk for, or unwilling to undergo, septal 
reduction therapy, or in patients with only mild septal 
hypertrophy.1,2 The proposed mechanism of benefit is 
related to alterations in the activation sequence of the 
interventricular septum and possibly the effects of 
ventricular remodelling.2,131 However, evidence sup-
porting this therapy is only modest and three randomised 
studies suggested just borderline effects of dual chamber 
pacing on left ventricular obstruction,132–134 whereas a 
long-term cohort study suggested a beneficial late 
effect.135

Patients who have heart failure, despite the absence of 
significant obstruction (residual pressure gradient 
<30 mm Hg), are treated with angiotensin-converting-
enzyme inhibitors, diuretics, and mineralocorticoid 
receptor antagonists.1 Cardiac resynchronisation 
therapy might be considered in patients with a 
successfully treated obstruction, QRS duration greater 
than 120  ms and left bundle-branch block.1,136 If 
progressive left ventricular dysfunction is accompanied 
by severe heart failure (the burned-out phase), heart 
transplantation has to be considered as the only 
definitive therapeutic option.137

Patients with hypertrophic obstructive cardiomyopathy 
are at increased risk of atrial fibrillation, which can occur 
even in patients without any clinical symptoms.138,139 
Standard medical therapy, including β blockers, 
verapamil, amiodarone or electrical cardioversion, is 
used in these patients. However, the most important 
therapeutic measure is life-long anticoagulation 
treatment in all patients who experience a first episode of 

atrial fibrillation. Unlike the risk assessment strategies 
used for atrial fibrillation in the general population, the 
CHA2DS2-VASc score does not correlate well with 
clinical outcomes in the setting of hypertrophic 
cardiomyopathy,140 and therefore should not be used in 
decision making with regard to the need for 
anticoagulation in this group of patients. Additionally, 
permanent anticoagulation might be considered in 
patients with sinus rhythm and an enlarged left atrial 
dimension. This recommendation has only an empirical 
basis, but the annual incidence of stroke or embolic 
events has been reported as about 1%, and higher age 
and a left atrial dimension of 48 mm or more have been 
identififed as independent predictors of embolic events, 
even in patients without documented atrial fibrillation.141 
The elevated thromboembolic risk related to atrial 
fibrillation has led to the recommendation for 
anticoagulation with warfarin in patients with atrial 
fibrillation. The role of the oral direct thrombin inhibitors 
(dabigatran) or direct factor Xa inhibitors (rivaroxaban, 
apixaban) in patients with hypertrophic obstructive 
cardiomyopathy and atrial fibrillation remains to be 
ascertained.142

On the basis of data that show a low probability of 
infective endocarditis in patients with hypertrophic 
obstructive cardiomyopathy,143 antibiotic prophylaxis is 
not generally recommended.1,2 However, the risk of 
obstruction-related endocardial lesions, especially in the 
left ventricular outflow tract, still exists144 and all 
infections should be carefully managed in patients with 
left ventricular obstruction. Theoretically, the risk of 
having infective endocarditis in symptomatic patients 
with hypertrophic obstructive cardiomyopathy might be 
increased, in view of the haemodynamic compromise 
that usually occurs from damage to the mitral valve.

Although most patients with hypertrophic cardio-
myopathy die at rest or during a mild physical activity, 
strenuous exercise and competitive sport should be 
avoided because of the risk of sudden cardiac death.145 
This recommendation is not dependent on the severity of 
LVOTO, symptoms, or previously performed septal 
reduction treatments.94 However, recreational physical 
activities are advisable and should be tailored to each 
patient according to their own risk profile.1,145

Most patients with hypertrophic obstructive cardio-
myopathy tolerate pregnancy well, but severe LVOTO, 
heart failure, arrhythmias, and medication taken in the 
pre-pregnancy period have been identified as risk factors 
of adverse cardiovascular events during pregnancy.1,2,146 
These events occur most frequently at the beginning of 
the third trimester, which coincides with the period of 
the highest circulating blood volume.146 Symptomatic 
women are treated with β blockers. Caesarean section in 
this setting is rarely required and is reserved for those 
with severe progressive disease during the course of the 
pregnancy; asymptomatic women are permitted to go 
into spontaneous labour.1
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Sudden cardiac death, risk stratification, 
and prevention
Hypertrophic obstructive cardiomyopathy has been 
associated with an increased risk of sudden cardiac death 
and heart failure. However, results of several studies 
have shown that patients with hypertrophic obstructive 
cardiomyopathy, aggressively treated in tertiary referral 
centres, have an acceptable long-term prognosis that is 
similar to the age-matched and sex-matched 
general population.114,115,120–122 However, hypertrophic 
cardiomyopathy was shown to be one of the most 
common causes of sudden cardiac death in children and 
young adults,147,148 and the most common cause of sudden 
cardiac death in young athletes.149 Furthermore, left 
ventricular obstruction is an independent predictor of 
adverse outcomes in patients with hypertrophic 
cardiomyopathy.123,129,130,150 Patients with hypertrophic 
obstructive cardiomyopathy at a young age (<35 years) 
are at higher risk of sudden cardiac death,148 and a 
younger age at diagnosis is an independent predictor of 
adverse outcomes, even in patients up to 60 years of 
age.151,152 Sudden mortality events (sudden cardiac death, 
resuscitation, and appropriate ICD discharge for 
ventricular tachycardia or fibrillation) occur at an 
incidence of 0·5–1·5% per year in adults,150,151,153,154 and 2% 
per year in children, adolescents, or young adults.155 This 
incidence is, however, largely dependent on the risk 
profiles of patients selected for analysis. Since some 
patients are prophylactically treated with ICD, the real 
sudden cardiac mortality rate is lower (about 0·5% per 
year).151,153,155 Thus, despite treatment (especially ICD 
implantation and septal reduction), patients treated in 
specialised hypertrophic cardiomyopathy centres still 
have a low rate of mortality that is potentially attributable 
to hypertrophic cardiomyopathy (about 1% per 
year).123,151,153–155 Most hypertrophic cardiomyopathy-related 
deaths occur suddenly until age 60, whereas older 
patients die more often of stroke or heart failure.153,154,156

In hypertrophic cardiomyopathy, the challenge remains 
to find the optimum path to identify the relatively small 

group of patients with the highest risk of sudden cardiac 
death. These patients should be treated with ICD 
implantation since it is the only therapy with sound 
evidence of life-saving potential.112,155

Currently, two different models for prediction of 
sudden death are available (table 2). Both models 
recommend implanting an ICD in all patients who have 
experienced sustained ventricular tachycardia or 
successful resuscitation for ventricular fibrillation.1,2 
However, there are differences in the evaluation of a 
patient’s risk of sudden cardiac death in primary 
prevention. The North American model is based on the 
evaluation of five binary risk factors, and the presence of 
any one can be used as a consideration for ICD 
implantation.2 Unfortunately, strict compliance with this 
model could lead to ICD implantation in up to 40–60% 
of patients with hypertrophic cardiomyopathy151,157 with a 
low annual rate of appropriate ICD discharge of about 
2% in large hypertrophic cardiomyopathy cohorts with 
implanted ICDs.151,158 Thus, unsurprisingly, there 
remains a need for a more specific model that would 
better stratify the individual risk of each patient. The 
European model predicts the risk of sudden cardiac 
death over 5 years on the basis of a complex calculation 
of the individual values of several risk factors.152 Patients 
with a risk of sudden cardiac death of at least 6% at 
5 years are recommended for ICD implantation.1,152 This 
model was shown to be sufficiently specific and 
associated with a lower rate of ICD implantations 
(20–26%),157,159 but some patients with a predicted low 
risk of sudden mortality events were shown to be high-
risk in clinical practice in one study.159 Thus, the 
European model probably has acceptable specificity, but 
limited sensitivity for prediction of future malignant 
arrhythmias.159 Although the European model clearly 
represents substantial progress in the risk stratification 
of sudden cardiac death in hypertrophic cardiomyopathy, 
a balance must be struck between the specificity of any 
diagnostic tool versus the management goals that vary 
on the basis of clinical context, patient preference, and 

For more on the calculation of 
sudden cardiac death see www.

doc2do.com/hcm/webHCM.html

European model North American model

Secondary prevention Sustained ventricular tachycardia; resuscitation for 
ventricular fibrillation. ICD is recommended in all 
patients.

Sustained ventricular tachycardia; resuscitation for ventricular 
fibrillation. ICD is recommended in all patients.

Primary prevention Family history of sudden death; unexplained syncope; 
maximum left ventricular wall thickness; non-sustained 
ventricular tachycardia; age; left atrial diameter; left 
ventricular outflow gradient (rest or Valsalva). 5-year risk 
<4%, ICD is not indicated; 5-year risk ≥4–6%, ICD is 
considered; 5-year risk >6%, ICD is recommended.

Family history of sudden death in a 1st degree relative; unexplained 
syncope; maximum left ventricular thickness ≥30 mm; non-sustained 
ventricular tachycardia; abnormal blood pressure response during 
exercise (decrease or failure to increase systolic blood pressure by at least 
20 mm Hg during exercise test). When 1 or more risk factors are present, 
ICD might be reasonable (Class IIa).
The role of risk modifiers, including young age, obstruction of the left 
ventricular outflow tract with no plan for intervention, late gadolinium 
enhancement, remote family history, and wall thickness, is uncertain 
(Class IIb). 

ICD=implantable cardioverter-defibrillator.

Table 2: Comparison of two models that evaluate risk of sudden cardiac death and indication for implantable cardioverter-defibrillator implantation

www.doc2do.com/hcm/webHCM.html
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physicians’ opinions. Fully informed care, taking into 
account the potential advantages and disadvantages of 
either strategy of risk stratification, is recommended. An 
equally important adjunct to the conversation for ICD 
implantation is the discussion about related 
complications, including inappropriate discharges, 
infections, and lead or device dysfunctions, because the 
incidence of these complications is higher than the 
incidence of appropriate discharges.158,160

Future directions
Despite studies that suggest progress in the 
understanding of the genetic basis of hypertrophic 
cardiomyopathy, improvement in imaging methods with 
subsequent therapeutic consequences, and acceptable 
long-term outcome of patients treated with septal 
reduction techniques in dedicated centres, researchers 
working in this field should substantiate the evidence 
regarding the clinical effects of genetic examination, 
more individualised risk stratification of sudden cardiac 
death, the risk stratification of atrial fibrillation and 
consequent risk of cardiac embolisation, the effectiveness 
of medical therapy, the long-term safety of therapy with 
ICD, and the development of new therapies based on 
gene editing or modulation of responsible pathways. 
Septal reduction therapies should be restricted to the 
specialised hypertrophic cardiomyopathy centres of 
excellence with high volumes of experience and with 
acceptable historical outcomes (≤1% procedure-related 
mortality).
Contributors
JV, NSA, and PC wrote the first and final versions of the Seminar. 
JV revised the final version of the Seminar.

Declaration of interests
JV has received consultancies, honoraria, speaker’s fees, and travel or 
accommodation payments from Boston Scientific and Servier; PC has 
received consultancies, honoraria, speaker’s fees, and travel or 
accommodation payments from Boehringer, Genzyme, MyoKardia, 
Sanofi, Servier, and Shire. NSA declares no competing interests.

References
1 Elliott PM, Anastasakis A, Borger MA, et al. 2014 ESC Guidelines 

on diagnosis and management of hypertrophic cardiomyopathy: 
the task force for the diagnosis and management of hypertrophic 
cardiomyopathy of the European Society of Cardiology (ESC). 
Eur Heart J 2014; 35: 2733–79.

2 Gersh BJ, Maron BJ, Bonow RO, et al. 2011 ACCF/AHA guideline 
for the diagnosis and treatment of hypertrophic cardiomyopathy: 
a report of the American College of Cardiology Foundation/
American Heart Association task force on practice guidelines. 
Circulation 2011; 124: e783–831.

3 Elliott P, Andersson B, Arbustini E, et al. Classification of the 
cardiomyopathies: a position statement from the European Society 
of Cardiology working group on myocardial and pericardial 
diseases. Eur Heart J 2008; 29: 270–76.

4 Vulpian A. Contribution à l’étude des rétrécissements de l’orifice 
ventriculo-aortique. Arch Physiol 1868; 3: 456–57 (in French). 

5 Brock R. Functional obstruction of the left ventricle; acquired aortic 
subvalvar stenosis. Guys Hosp Rep 1957; 106: 221–38.

6 Teare D. Asymmetrical hypertrophy of the heart in young adults. 
Br Heart J 1958; 20: 1–8.

7 Semsarian C, Ingles J, Maron MS, Maron BJ. New perspectives on 
the prevalence of hypertrophic cardiomyopathy. J Am Coll Cardiol 
2015; 65: 1249–54.

8 Lipshultz SE, Sleeper LA, Towbin JA, et al. The incidence of 
pediatric cardiomyopathy in two regions of the United States. 
New Engl J Med 2003; 348: 1647–55.

9 Nugent AW, Daubeney PEF, Chondros P, et al. Clinical features 
and outcomes of childhood hypertrophic cardiomyopathy: results 
from a national population-based study. Circulation 2005; 
112: 1332–38.

10 Charron P, Dubourg O, Desnos M, et al. Diagnostic value of 
electrocardiography and echocardiography for familial hypertrophic 
cardiomyopathy in a genotyped adult population. Circulation 1997; 
96: 214–19.

11 Bick Alexander G, Flannick J, Ito K, et al. Burden of rare sarcomere 
gene variants in the Framingham and Jackson Heart Study cohorts. 
Am J Hum Genet 2012; 91: 513–19.

12 Ho CY, Charron P, Richard P, Girolami F, Van Spaendonck-Zwarts KY, 
Pinto Y. Genetic advances in sarcomeric cardiomyopathies: state of the 
art. Cardiovasc Res 2015; 105: 397–408.

13 Kimura A. Molecular genetics and pathogenesis of cardiomyopathy. 
J Hum Genet 2016; 61: 41–50.

14 Richard P, Charron P, Carrier L, et al. Hypertrophic 
cardiomyopathy: distribution of disease genes, spectrum of 
mutations, and implications for a molecular diagnosis strategy. 
Circulation 2003; 107: 2227–32.

15 Bos JM, Will ML, Gersh BJ, Kruisselbrink TM, Ommen SR, 
Ackerman MJ. Characterization of a phenotype-based genetic test 
prediction score for unrelated patients with hypertrophic 
cardiomyopathy. Mayo Clin Proc 2014; 89: 727–37.

16 Gruner C, Ivanov J, Care M, et al. Toronto hypertrophic 
cardiomyopathy genotype score for prediction of a positive genotype 
in hypertrophic cardiomyopathy. Circ Cardiovasc Genet 2013; 6: 19–26.

17 Watkins H, McKenna WJ, Thierfelder L, et al. Mutations in the 
genes for cardiac troponin T and α-tropomyosin in hypertrophic 
cardiomyopathy. New Engl J Med 1995; 332: 1058–65.

18 Watkins H, Rosenzweig A, Hwang D-S, et al. Characteristics and 
prognostic implications of myosin missense mutations in familial 
hypertrophic cardiomyopathy. New Engl J Med 1992; 326: 1108–14.

19 Charron P, Dubourg O, Desnos M, et al. Clinical features and 
prognostic implications of familial hypertrophic cardiomyopathy 
related to the cardiac myosin-binding protein C gene. Circulation 
1998; 97: 2230–36.

20 Niimura H, Bachinski LL, Sangwatanaroj S, et al. Mutations in the 
gene for cardiac myosin-binding protein C and late-onset familial 
hypertrophic cardiomyopathy. New Engl J Med 1998; 338: 1248–57.

21 Maron BJ, Niimura H, Casey SA, et al. Development of left 
ventricular hypertrophy in adults with hypertrophic cardiomyopathy 
caused by cardiac myosin-binding protein C gene mutations. 
J Am Coll Cardiol 2001; 38: 315–21.

22 Christiaans I, Birnie E, Bonsel GJ, et al. Manifest disease, risk 
factors for sudden cardiac death, and cardiac events in a large 
nationwide cohort of predictively tested hypertrophic 
cardiomyopathy mutation carriers: determining the best 
cardiological screening strategy. Eur Heart J 2011; 32: 1161–70.

23 Alpert NR, Mohiddin SA, Tripodi D, et al. Molecular and phenotypic 
effects of heterozygous, homozygous, and compound heterozygote 
myosin heavy-chain mutations. Am J Physiol Heart Circ Physiol 
2005; 288: H1097–102.

24 Girolami F, Ho CY, Semsarian C, et al. Clinical features and 
outcome of hypertrophic cardiomyopathy associated with triple 
sarcomere protein gene mutations. J Am Coll Cardiol 2010; 
55: 1444–53.

25 Ingles J, Doolan A, Chiu C, Seidman J, Seidman C, Semsarian C. 
Compound and double mutations in patients with hypertrophic 
cardiomyopathy: implications for genetic testing and counselling. 
J Med Genet 2005; 42: e59.

26 Marziliano N, Merlini PA, Vignati G, et al. A case of compound 
mutations in the MYBPC3 gene associated with biventricular 
hypertrophy and neonatal death. Neonatology 2012; 102: 254–58.

27 Biagini E, Olivotto I, Iascone M, et al. Significance of sarcomere 
gene mutations analysis in the end-stage phase of hypertrophic 
cardiomyopathy. Am J Cardiol 2014; 114: 769–76.

28 Fujita T, Fujino N, Anan R, et al. Sarcomere gene mutations are 
associated with increased cardiovascular events in left ventricular 
hypertrophy: results from multicenter registration in Japan. 
JACC Heart Fail 2013; 1: 459–66.



Seminar

1264 www.thelancet.com   Vol 389   March 25, 2017

29 Li Q, Gruner C, Chan RH, et al. Genotype-positive status in patients 
with hypertrophic cardiomyopathy is associated with higher rates of 
heart failure events. Circ Cardiovasc Genet 2014; 7: 416–22.

30 Olivotto I, Girolami F, Ackerman MJ, et al. Myofilament protein 
gene mutation screening and outcome of patients with 
hypertrophic cardiomyopathy. Mayo Clin Proc 2008; 83: 630–38.

31 Colan SD, Lipshultz SE, Lowe AM, et al. Epidemiology and 
cause-specific outcome of hypertrophic cardiomyopathy in children: 
findings from the pediatric cardiomyopathy registry. Circulation 
2007; 115: 773–81.

32 Rapezzi C, Arbustini E, Caforio ALP, et al. Diagnostic work-up in 
cardiomyopathies: bridging the gap between clinical phenotypes 
and final diagnosis. A position statement from the ESC Working 
Group on myocardial and pericardial diseases. Eur Heart J 2013; 
34: 1448–58.

33 Davies MJ, McKenna WJ. Hypertrophic cardiomyopathy—
pathology and pathogenesis. Histopathology 1995; 26: 493–500.

34 Shapiro LM, McKenna WJ. Distribution of left ventricular 
hypertrophy in hypertrophic cardiomyopathy: a two-dimensional 
echocardiographic study. J Am Coll Cardiol 1983; 2: 437–44.

35 Maron BJ, Sato N, Roberts WC, Edwards JE, Chandra RS. 
Quantitative analysis of cardiac muscle cell disorganization in the 
ventricular septum. Comparison of fetuses and infants with and 
without congenital heart disease and patients with hypertrophic 
cardiomyopathy. Circulation 1979; 60: 685–96.

36 Factor SM, Butany J, Sole MJ, Wigle ED, Williams WC, Rojkind M. 
Pathologic fibrosis and matrix connective tissue in the subaortic 
myocardium of patients with hypertrophic cardiomyopathy. 
J Am Coll Cardiol 1991; 17: 1343–51.

37 Tanaka M, Fujiwara H, Onodera T, et al. Quantitative analysis of 
narrowings of intramyocardial small arteries in normal hearts, 
hypertensive hearts, and hearts with hypertrophic cardiomyopathy. 
Circulation 1987; 75: 1130–39.

38 Cardim N, Galderisi M, Edvardsen T, et al. Role of multimodality 
cardiac imaging in the management of patients with 
hypertrophic cardiomyopathy: an expert consensus of the 
European Association of Cardiovascular Imaging endorsed by the 
Saudi Heart Association. Eur Heart J Cardiovasc Imaging 2015; 
16: 280.

39 Maron MS, Olivotto I, Harrigan C, et al. Mitral valve abnormalities 
identified by cardiovascular magnetic resonance represent a 
primary phenotypic expression of hypertrophic cardiomyopathy. 
Circulation 2011; 124: 40–47.

40 Tyska MJ, Hayes E, Giewat M, Seidman CE, Seidman JG, 
Warshaw DM. Single-molecule mechanics of R403Q cardiac myosin 
isolated from the mouse model of familial hypertrophic 
cardiomyopathy. Circ Res 2000; 86: 737–44.

41 Teekakirikul P, Padera RF, Seidman JG, Seidman CE. 
Hypertrophic cardiomyopathy: translating cellular cross talk into 
therapeutics. J Cell Biol 2012; 199: 417–21.

42 Green EM, Wakimoto H, Anderson RL, et al. A small-molecule 
inhibitor of sarcomere contractility suppresses hypertrophic 
cardiomyopathy in mice. Science 2016; 351: 617–21.

43 Cuda G, Fananapazir L, Zhu WS, Sellers JR, Epstein ND. 
Skeletal muscle expression and abnormal function of beta-myosin 
in hypertrophic cardiomyopathy. J Clin Invest 1993; 91: 2861–65.

44 Witjas-Paalberends ER, Piroddi N, Stam K, et al. Mutations in 
MYH7 reduce the force generating capacity of sarcomeres in 
human familial hypertrophic cardiomyopathy. Cardiovasc Res 2013; 
99: 432–41.

45 Georgakopoulos D, Christe ME, Giewat M, Seidman CM, 
Seidman JG, Kass DA. The pathogenesis of familial hypertrophic 
cardiomyopathy: early and evolving effects from an α-cardiac 
myosin heavy chain missense mutation. Nat Med 1999; 5: 327–30.

46 Knollmann BC, Kirchhof P, Sirenko SG, et al. Familial hypertrophic 
cardiomyopathy-linked mutant troponin T causes stress-induced 
ventricular tachycardia and Ca2+-dependent action potential 
remodeling. Circ Res 2003; 92: 428–36.

47 Spindler M, Saupe KW, Christe ME, et al. Diastolic dysfunction and 
altered energetics in the alphaMHC403/+ mouse model of familial 
hypertrophic cardiomyopathy. J Clin Invest 1998; 101: 1775–83.

48 Schlossarek S, Singh SR, Geertz B, et al. Proteasome inhibition 
slightly improves cardiac function in mice with hypertrophic 
cardiomyopathy. Front Physiol 2014; 5: 484.

49 McLeod CJ, Ackerman MJ, Nishimura RA, Tajik AJ, Gersh BJ, 
Ommen SR. Outcome of patients with hypertrophic 
cardiomyopathy and a normal electrocardiogram. J Am Coll Cardiol 
2009; 54: 229–33.

50 Moon JCC, Fisher NG, McKenna WJ, Pennell DJ. Detection of 
apical hypertrophic cardiomyopathy by cardiovascular magnetic 
resonance in patients with non-diagnostic echocardiography. 
Heart 2004; 90: 645–49.

51 Rickers C, Wilke NM, Jerosch-Herold M, et al. Utility of cardiac 
magnetic resonance imaging in the diagnosis of hypertrophic 
cardiomyopathy. Circulation 2005; 112: 855–61.

52 Kebed KY, Al Adham RI, Bishu K, et al. Evaluation of apical subtype 
of hypertrophic cardiomyopathy using cardiac magnetic resonance 
imaging with gadolinium enhancement. Am J Cardiol 2014; 
114: 777–82.

53 Kebed KY, Al Adham RI, Bishu K, et al. Evaluation of apical 
pouches in hypertrophic cardiomyopathy using cardiac MRI. 
Int J Cardiovasc Imaging 2014; 30: 591–97.

54 Noureldin RA, Liu S, Nacif MS, et al. The diagnosis of hypertrophic 
cardiomyopathy by cardiovascular magnetic resonance. 
J Cardiovasc Magn Reson 2012; 14: 17–29.

55 Bruder O, Wagner A, Jensen CJ, et al. Myocardial scar visualized by 
cardiovascular magnetic resonance imaging predicts major adverse 
events in patients with hypertrophic cardiomyopathy. 
J Am Coll Cardiol 2010; 56: 875–87.

56 O’Hanlon R, Grasso A, Roughton M, et al. Prognostic significance 
of myocardial fibrosis in hypertrophic cardiomyopathy. 
J Am Coll Cardiol 2010; 56: 867–74.

57 Moon JCC, Reed E, Sheppard MN, et al. The histologic basis of 
late gadolinium enhancement cardiovascular magnetic resonance 
in hypertrophic cardiomyopathy. J Am Coll Cardiol 2004; 
43: 2260–64.

58 Papavassiliu T, Schnabel P, Schröder M, Borggrefe M. CMR scarring 
in a patient with hypertrophic cardiomyopathy correlates well with 
histological findings of fibrosis. Eur Heart J 2005; 26: 2395.

59 Moravsky G, Ofek E, Rakowski H, et al. Myocardial fibrosis in 
hypertrophic cardiomyopathy: accurate reflection of 
histopathological findings by CMR. JACC Cardiovasc Imaging 2013; 
6: 587–96.

60 Kwon DH, Smedira NG, Rodriguez ER, et al. Cardiac magnetic 
resonance detection of myocardial scarring in hypertrophic 
cardiomyopathy: correlation with histopathology and prevalence of 
ventricular tachycardia. J Am Coll Cardiol 2009; 54: 242–49.

61 Adabag AS, Maron BJ, Appelbaum E, et al. Occurrence and 
frequency of arrhythmias in hypertrophic cardiomyopathy in 
relation to delayed enhancement on cardiovascular magnetic 
resonance. J Am Coll Cardiol 2008; 51: 1369–74.

62 Suk T, Edwards C, Hart H, Christiansen JP. Myocardial scar 
detected by contrast-enhanced cardiac magnetic resonance imaging 
is associated with ventricular tachycardia in hypertrophic 
cardiomyopathy patients. Heart Lung Circ 2008; 17: 370–74.

63 Green JJ, Berger JS, Kramer CM, Salerno M. Prognostic value of 
late gadolinium enhancement in clinical outcomes for hypertrophic 
cardiomyopathy. JACC Cardiovasc Imaging 2012; 5: 370–77.

64 Briasoulis A, Mallikethi-Reddy S, Palla M, Alesh I, Afonso L. 
Myocardial fibrosis on cardiac magnetic resonance and cardiac 
outcomes in hypertrophic cardiomyopathy: a meta-analysis. Heart 
2015; 101: 1406–11.

65 Chan RH, Maron BJ, Olivotto I, et al. Prognostic value of 
quantitative contrast-enhanced cardiovascular magnetic resonance 
for the evaluation of sudden death risk in patients with 
hypertrophic cardiomyopathy. Circulation 2014; 130: 484–95.

66 Ennis DB, Epstein FH, Kellman P, Fananapazir L, McVeigh ER, 
Arai AE. Assessment of regional systolic and diastolic dysfunction 
in familial hypertrophic cardiomyopathy using MR tagging. 
Magn Reson Med 2003; 50: 638–42.

67 Kim YJ, Choi BW, Hur J, et al. Delayed enhancement in 
hypertrophic cardiomyopathy: comparison with myocardial tagging 
MRI. J Magn Reson Imaging 2008; 27: 1054–60.

68 Cannon RO, Rosing DR, Maron BJ, et al. Myocardial ischemia in 
patients with hypertrophic cardiomyopathy: contribution of 
inadequate vasodilator reserve and elevated left ventricular filling 
pressures. Circulation 1985; 71: 234–43.



Seminar

www.thelancet.com   Vol 389   March 25, 2017 1265

69 O’Gara PT, Bonow RO, Maron BJ, et al. Myocardial perfusion 
abnormalities in patients with hypertrophic cardiomyopathy: 
assessment with thallium-201 emission computed tomography. 
Circulation 1987; 76: 1214–23.

70 Dilsizian V, Bonow RO, Epstein SE, Fananapazir L. Myocardial 
ischemia detected by thallium scintigraphy is frequently related to 
cardiac arrest and syncope in young patients with hypertrophic 
cardiomyopathy. J Am Coll Cardiol 1993; 22: 796–804.

71 Cannon RO, Dilsizian V, O’Gara PT, et al. Impact of surgical relief 
of outflow obstruction on thallium perfusion abnormalities in 
hypertrophic cardiomyopathy. Circulation 1992; 85: 1039–45.

72 Maron MS, Olivotto I, Maron BJ, et al. The case for Myocardial 
Ischemia in Hypertrophic Cardiomyopathy. J Am Coll Cardiol 2009; 
54: 866–75.

73 Olivotto I, Cecchi F, Camici PG. Coronary microvascular 
dysfunctoin and ischemia in hypertrophic cardiomyopathy. 
Mechanisms and clinical consequences. Ital Heart J 2004; 5: 572–80.

74 Choudhury L, Rosen SD, Lefroy DC, Nihoyannopoulos P, 
Oakley CM, Camici PG. Myocardial beta adrenoceptor density in 
primary and secondary left ventricular hypertrophy. Eur Heart J 
1996; 17: 1703–09.

75 Leschka S, Koepfli P, Husmann L, et al. Myocardial bridging: 
depiction rate and morphology at CT coronary angiography—
comparison with conventional coronary angiography. Radiology 
2008; 246: 754–62.

76 Morise AP. Exercise testing in nonatherosclerotic heart disease: 
hypertrophic cardiomyopathy, valvular heart disease, and 
arrhythmias. Circulation 2011; 123: 216–25.

77 Gimeno JR, Tome-Esteban M, Lofiego C, et al. Exercise-induced 
ventricular arrhythmias and risk of sudden cardiac death in 
patients with hypertrophic cardiomyopathy. Eur Heart J 2009; 
30: 2599–605.

78 Desai MY, Bhonsale A, Patel P, et al. Exercise echocardiography in 
asymptomatic HCM: exercise capacity, and not LV outflow tract 
gradient predicts long-term outcomes. JACC Cardiovasc Imaging 
2014; 7: 26–36.

79 Charron P, Arad M, Arbustini E, et al. Genetic counselling and 
testing in cardiomyopathies: a position statement of the European 
Society of Cardiology working group on myocardial and pericardial 
diseases. Eur Heart J 2010; 31: 2715–26.

80 Ingles J, Burns C, Barratt A, Semsarian C. Application of genetic 
testing in hypertrophic cardiomyopathy for preclinical disease 
detection. Circ Cardiovasc Genet 2015; 8: 852–59.

81 Jensen MK, Havndrup O, Christiansen M, et al. Echocardiographic 
evaluation of pre-diagnostic development in young relatives 
genetically predisposed to hypertrophic cardiomyopathy. 
Int J Cardiovasc Imaging 2015; 31: 1511–18.

82 Gandjbakhch E, Gackowski A, Tezenas du Montcel S, et al. 
Early identification of mutation carriers in familial hypertrophic 
cardiomyopathy by combined echocardiography and tissue Doppler 
imaging. Eur Heart J 2010; 31: 1599–607.

83 Ho CY, López B, Coelho-Filho OR, et al. Myocardial fibrosis as an 
early manifestation of hypertrophic cardiomyopathy. 
New Engl J Med 2010; 363: 552–63.

84 Ho CY, Sweitzer NK, McDonough B, et al. Assessment of diastolic 
function with Doppler tissue imaging to predict genotype in preclinical 
hypertrophic cardiomyopathy. Circulation 2002; 105: 2992–97.

85 Rowin EJ, Maron MS, Lesser JR, Maron BJ. CMR with late gadolinium 
enhancement in genotype positive–phenotype negative hypertrophic 
cardiomyopathy. JACC Cardiovasc Imaging 2012; 5: 119–22.

86 Maron MS, Rowin EJ, Lin D, et al. Prevalence and clinical profile 
of myocardial crypts in hypertrophic cardiomyopathy. 
Circ Cardiovasc Imaging 2012; 5: 441–47.

87 Charron P, Dubourg O, Desnos M, et al. Diagnostic value of 
electrocardiography and echocardiography for familial hypertrophic 
cardiomyopathy in genotyped children. Eur Heart J 1998; 
19: 1377–82.

88 Varnava A, Baboonian C, Davison F, et al. A new mutation of the 
cardiac troponin T gene causing familial hypertrophic cardiomyopathy 
without left ventricular hypertrophy. Heart 1999; 82: 621–24.

89 Christiaans I, Lekanne dit Deprez RH, van Langen IM, Wilde AAM. 
Ventricular fibrillation in MYH7-related hypertrophic cardiomyopathy 
before onset of ventricular hypertrophy. Heart Rhythm 2009; 
6: 1366–69.

90 McKenna WJ, Stewart JT, Nihoyannopoulos P, McGinty F, 
Davies MJ. Hypertrophic cardiomyopathy without hypertrophy: 
two families with myocardial disarray in the absence of increased 
myocardial mass. Br Heart J 1990; 63: 287–90.

91 Jensen MK, Havndrup O, Christiansen M, et al. Penetrance of 
hypertrophic cardiomyopathy in children and adolescents: a 12-year 
follow-up study of clinical screening and predictive genetic testing. 
Circulation 2013; 127: 48–54.

92 Gray B, Ingles J, Semsarian C. Natural history of genotype 
positive–phenotype negative patients with hypertrophic 
cardiomyopathy. Int J Cardiol 2011; 152: 258–59.

93 Richard P, Denjoy I, Fressart V, Wilson MG, Carré F, Charron P. 
Advising a cardiac disease gene positive yet phenotype negative or 
borderline abnormal athlete: is sporting disqualification really 
necessary? Br J Sports Med 2012; 46 (suppl 1): i59–68.

94 Maron BJ, Udelson JE, Bonow RO, et al. Eligibility and 
disqualification recommendations for competitive athletes with 
cardiovascular abnormalities: task force 3: hypertrophic 
cardiomyopathy, arrhythmogenic right ventricular cardiomyopathy 
and other cardiomyopathies, and myocarditis: a scientific statement 
from the American Heart Association and American College of 
Cardiology. Circulation 2015; 132: e273–80.

95 Charron P, Heron D, Gargiulo M, et al. Prenatal molecular 
diagnosis in hypertrophic cardiomyopathy: report of the first case. 
Prenat Diagn 2004; 24: 701–03.

96 Kuliev A, Pomerantseva E, Polling D, Verlinsky O, Rechitsky S. 
PGD for inherited cardiac diseases. Reprod BioMed Online 2012; 
24: 443–53.

97 Mogensen J, van Tintelen JP, Fokstuen S, et al. The current role of 
next-generation DNA sequencing in routine care of patients with 
hereditary cardiovascular conditions: a viewpoint paper of the 
European Society of Cardiology working group on myocardial and 
pericardial diseases and members of the European Society of 
Human Genetics. Eur Heart J 2015; 36: 1367–70.

98 Meder B, Haas J, Keller A, et al. Targeted next-generation 
sequencing for the molecular genetic diagnostics of 
cardiomyopathies. Circ Cardiovasc Genet 2011; 4: 110–22.

99 Lopes LR, Zekavati A, Syrris P, et al. Genetic complexity in 
hypertrophic cardiomyopathy revealed by high-throughput 
sequencing. J Med Genet 2013; 50: 228–39.

100 Oliveira TGM, Mitne-Neto M, Cerdeira LT, et al. A variant detection 
pipeline for inherited cardiomyopathy–associated genes using 
next-generation sequencing. J Mol Diagn 2015; 17: 420–30.

101 Bottillo I, D’Angelantonio D, Caputo V, et al. Molecular analysis of 
sarcomeric and non-sarcomeric genes in patients with hypertrophic 
cardiomyopathy. Gene 2016; 577: 227–35.

102 Rehm HL, Bale SJ, Bayrak–Toydemir P, et al. ACMG clinical 
laboratory standards for next-generation sequencing. Genet Med 
2013; 15: 733–47.

103 MacArthur DG, Manolio TA, Dimmock DP, et al. Guidelines for 
investigating causality of sequence variants in human disease. 
Nature 2014; 508: 469–76.

104 Sherrid MV. Drug therapy for hypertrophic cardiomyopathy: 
physiology and practice. Curr Cardiol Rev 2016; 12: 52–65.

105 Sherrid MV, Shetty A, Winson G, et al. Treatment of obstructive 
hypertrophic cardiomyopathy symptoms and gradient resistant to 
first-line therapy with β-blockade or verapamil. Circ Heart Fail 2013; 
6: 694–702.

106 Hamada M, Ikeda S, Shigematsu Y. Advances in medical treatment 
of hypertrophic cardiomyopathy. J Cardiol 2014; 64: 1–10.

107 Sherrid MV, Barac I, McKenna WJ, et al. Multicenter study of the 
efficacy and safety of disopyramide in obstructive hypertrophic 
cardiomyopathy. J Am Coll Cardiol 2005; 45: 1251–58.

108 Olivotto I, Ashley EA. INHERIT (inhibition of the renin angiotensin 
system in hypertrophic cardiomyopathy and the effect on 
hypertrophy—a randomised intervention trial with losartan). 
Glob Cardiol Sci Pract 2015; 7: 1–5.

109 Marian AJ. Experimental therapies in hypertrophic cardiomyopathy. 
J Cardiovasc Transl Res 2009; 2: 483–92.

110 Jensen MK, Prinz C, Horstkotte D, et al. Alcohol septal ablation in 
patients with hypertrophic obstructive cardiomyopathy: low 
incidence of sudden cardiac death and reduced risk profile. 
Heart 2013; 99: 1012–17.



Seminar

1266 www.thelancet.com   Vol 389   March 25, 2017

111 McLeod CJ, Ommen SR, Ackerman MJ, et al. Surgical septal 
myectomy decreases the risk for appropriate implantable 
cardioverter defibrillator discharge in obstructive hypertrophic 
cardiomyopathy. Eur Heart J 2007; 28: 2583–88.

112 Maron BJ, Maron MS. The 20 advances that have defined 
contemporary hypertrophic cardiomyopathy. Trends Cardiovasc Med 
2015; 25: 54–64.

113 Song J-K. Role of noninvasive imaging modalities to better understand 
the mechanism of left ventricular outflow tract obstruction and 
tailored lesion-specific treatment options. Circ J 2014; 78: 1808–15.

114 Ommen SR, Maron BJ, Olivotto I, et al. Long-term effects of 
surgical septal myectomy on survival in patients with obstructive 
hypertrophic cardiomyopathy. J Am Coll Cardiol 2005; 46: 470–76.

115 Schaff HV, Dearani JA, Ommen SR, Sorajja P, Nishimura RA. 
Expanding the indications for septal myectomy in patients with 
hypertrophic cardiomyopathy: results of operation in patients with 
latent obstruction. J Thorac Cardiovasc Surg 2012; 143: 303–09.

116 Ferrazzi P, Spirito P, Iacovoni A, et al. Transaortic chordal 
cutting: mitral valve repair for obstructive hypertrophic 
cardiomyopathy with mild septal hypertrophy. J Am Coll Cardiol 
2015; 66: 1687–96.

117 Desai MY, Bhonsale A, Smedira NG, et al. Predictors of long-term 
outcomes in symptomatic hypertrophic obstructive cardiomyopathy 
patients undergoing surgical relief of left ventricular outflow tract 
obstruction. Circulation 2013; 128: 209–16.

118 Sigwart U. Non-surgical myocardial reduction for hypertrophic 
obstructive cardiomyopathy. Lancet 1995; 346: 211–14.

119 Veselka J, TomaŠov P, Zemánek D. Long-term effects of varying 
alcohol dosing in percutaneous septal ablation for obstructive 
hypertrophic cardiomyopathy: a randomized study with a follow-up 
up to 11 years. Can J Cardiol 2011; 27: 763–67.

120 Jensen MK, Almaas VM, Jacobsson L, et al. Long-term outcome of 
percutaneous transluminal septal myocardial ablation in 
hypertrophic obstructive cardiomyopathy: a Scandinavian 
multicenter study. Circ Cardiovasc Interv 2011; 4: 256–65.

121 Sorajja P, Ommen SR, Holmes DR, et al. Survival after alcohol 
septal ablation for obstructive hypertrophic cardiomyopathy. 
Circulation 2012; 126: 2374–80.

122 Veselka J, Krejčí J, Tomašov P, Zemánek D. Long-term survival after 
alcohol septal ablation for hypertrophic obstructive cardiomyopathy: 
a comparison with general population. Eur Heart J 2014; 35: 2040–45.

123 Veselka J, Jensen MK, Liebregts M, et al. Low procedure-related 
mortality achieved with alcohol septal ablation in European 
patients. Int J Cardiol 2016; 209: 194–95.

124 Veselka J, Jensen MK, Liebregts M, et al. Long-term clinical 
outcome after alcohol septal ablation for obstructive hypertrophic 
cardiomyopathy: results from the Euro-ASA registry. Eur Heart J 
2016; 37: 1517–23.

125 Panaich SS, Badheka AO, Chothani A, et al. Results of ventricular 
septal myectomy and hypertrophic cardiomyopathy (from 
nationwide inpatient sample [1998–2010]). Am J Cardiol 2014; 
114: 1390–95.

126 Maron BJ, Dearani JA, Ommen SR, et al. Low operative mortality 
achieved with surgical septal myectomy: role of dedicated 
hypertrophic cardiomyopathy centers in the management of 
dynamic subaortic obstruction. J Am Coll Cardiol 2015; 
66: 1307–08.

127 Kim LK, Swaminathan RV, Looser P, et al. Hospital volume 
outcomes after septal myectomy and alcohol septal ablation for 
treatment of obstructive hypertrophic cardiomyopathy: US 
nationwide inpatient database, 2003–2011. JAMA Cardiol 2016; 
1: 324–32.

128 Liebregts M, Vriesendorp PA, Mahmoodi BK, Schinkel AFL, 
Michels M, ten Berg JM. A systematic review and meta-analysis 
of long-term outcomes after septal reduction therapy in patients 
with hypertrophic cardiomyopathy. JACC Heart Fail 2015; 
3: 896–905.

129 Maron MS, Olivotto I, Betocchi S, et al. Effect of left ventricular 
outflow tract obstruction on clinical outcome in hypertrophic 
cardiomyopathy. New Engl J Med 2003; 348: 295–303.

130 Sorajja P, Nishimura RA, Gersh BJ, et al. Outcome of mildly 
symptomatic or asymptomatic obstructive hypertrophic 
cardiomyopathy: a long-term follow-up study. J Am Coll Cardiol 
2009; 54: 234–41.

131 Fananapazir L, Epstein ND, Curiel RV, Panza JA, Tripodi D, 
McAreavey D. Long-term results of dual-chamber (DDD) pacing in 
obstructive hypertrophic cardiomyopathy. Evidence for progressive 
symptomatic and hemodynamic improvement and reduction of left 
ventricular hypertrophy. Circulation 1994; 90: 2731–42.

132 Maron BJ, Nishimura RA, McKenna WJ, et al. Assessment of 
permanent dual-chamber pacing as a treatment for drug-refractory 
symptomatic patients with obstructive hypertrophic 
cardiomyopathy: a randomized, double-blind, crossover Study 
(M-PATHY). Circulation 1999; 99: 2927–33.

133 Nishimura RA, Trusty JM, Hayes DL, et al. Dual-chamber pacing 
for hypertrophic cardiomyopathy: a randomized, double-blind, 
crossover trial. J Am Coll Cardiol 1997; 29: 435–41.

134 Kappenberger L, Linde C, Daubert C, et al. Pacing in hypertrophic 
obstructive cardiomyopathy. A randomized crossover study. 
Eur Heart J 1997; 18: 1249–56.

135 Galve E, Sambola A, Saldaña G, et al. Late benefits of dual-chamber 
pacing in obstructive hypertrophic cardiomyopathy: a 10-year 
follow-up study. Heart 2010; 96: 352–6.

136 Vatasescu R, Evertz R, Mont L, Sitges M, Brugada J, Berruezo A. 
Biventricular/left ventricular pacing in hypertrophic obstructive 
cardiomyopathy: an overview. Indian Pacing and Electrophysiol J 
2012; 12: 114–23.

137 Lee MS, Zimmer R, Kobashigawa J. Long-term outcomes of 
orthotopic heart transplantation for hypertrophic cardiomyopathy. 
Transplant Proc 2014; 46: 1502–05.

138 Guttmann OP, Rahman MS, O’Mahony C, Anastasakis A, 
Elliott PM. Atrial fibrillation and thromboembolism in patients with 
hypertrophic cardiomyopathy: systematic review. Heart 2014; 
100: 465–72.

139 Wilke I, Witzel K, Münch J, et al. High incidence of de novo and 
subclinical atrial fibrillation in patients with hypertrophic 
cardiomyopathy and cardiac rhythm management device. 
J Cardiovasc Electrophysiol 2016; 27: 779–84.

140 Guttmann OP, Pavlou M, O’Mahony C, et al. Prediction of 
thrombo-embolic risk in patients with hypertrophic cardiomyopathy 
(HCM Risk–CVA). Eur J Heart Fail 2015; 17: 837–45.

141 Haruki S, Minami Y, Hagiwara N. Stroke and embolic events in 
hypertrophic cardiomyopathy: risk stratification in patients without 
atrial fibrillation. Stroke 2016; 47: 936-42.

142 Kumar KR, Mandleywala SN, Link MS. Atrial and ventricular 
arrhythmias in hypertrophic cardiomyopathy. Card Electrophysiol 
Clin 2015; 7: 173–86.

143 Spirito P, Rapezzi C, Bellone P, et al. Infective endocarditis in 
hypertrophic cardiomyopathy: prevalence, incidence, and 
indications for antibiotic prophylaxis. Circulation 1999; 
99: 2132–37.

144 Zemanek D, Veselka J, Chmelova R. Infective endocarditis after 
alcohol septal ablation for obstructive hypertrophic cardiomyopathy. 
Int Heart J 2008; 49: 371–75.

145 Alpert C, Day SM, Saberi S. Sports and exercise in athletes with 
hypertrophic cardiomyopathy. Clin Sports Med 2015; 34: 489–505.

146 Tanaka H, Kamiya C, Katsuragi S, et al. Cardiovascular events in 
pregnancy with hypertrophic cardiomopathy. Circ J 2014; 
78: 2501–06.

147 Bharucha T, Lee KJ, Daubeney PEF, et al. Sudden death in 
childhood cardiomyopathy: results from a long-term national 
population-based study. J Am Coll Cardiol 2015; 65: 2302–10.

148 Risgaard B, Winkel BG, Jabbari R, et al. Burden of sudden cardiac 
death in persons aged 1 to 49 years: nationwide study in Denmark. 
Circ Arrhythm Electrophysiol 2014; 7: 205–11.

149 Maron BJ, Haas TS, Ahluwalia A, Murphy CJ, Garberich RF. 
Demographics and Epidemiology of Sudden Deaths in Young 
Competitive Athletes: From the United States National Registry. 
Am J Med 2016; published online April 1. 
DOI:10.1016/j.amjmed.2016.02.031.

150 Elliott PM, Gimeno JR, Tomé MT, et al. Left ventricular outflow 
tract obstruction and sudden death risk in patients with 
hypertrophic cardiomyopathy. Eur Heart J 2006; 27: 1933–41.

151 Maron BJ, Rowin EJ, Casey SA, et al. Hypertrophic cardiomyopathy 
in adulthood associated with low cardiovascular mortality with 
contemporary management strategies. J Am Coll Cardiol 2015; 
65: 1915–28.



Seminar

www.thelancet.com   Vol 389   March 25, 2017 1267

152 O’Mahony C, Jichi F, Pavlou M, et al. A novel clinical risk prediction 
model for sudden cardiac death in hypertrophic cardiomyopathy 
(HCM Risk-SCD). Eur Heart J 2014; 35: 2010–20.

153 Veselka J, Zemánek D, Jahnlová D, et al. Risk and causes of death 
in patients after alcohol septal ablation for hypertrophic obstructive 
cardiomyopathy. Can J Cardiol 2015; 31: 1245–51.

154 Spirito P, Autore C, Formisano F, et al. Risk of sudden death and 
outcome in patients with hypertrophic cardiomyopathy with benign 
presentation and without risk factors. Am J Cardiol 2014; 
113: 1550–55.

155 Maron BJ, Rowin EJ, Casey SA, et al. Hypertrophic cardiomyopathy 
in children, adolescents, and young adults associated with low 
cardiovascular mortality with contemporary management strategies. 
Circulation 2016; 133: 62–73.

156 Maron BJ, Rowin EJ, Casey SA, et al. Risk stratification and 
outcome of patients with hypertrophic cardiomyopathy ≥60 years of 
age. Circulation 2013; 127: 585–93.

157 Jahnlová D, Tomašov P, Zemánek D, Veselka J. Transatlantic 
differences in assessment of risk of sudden cardiac death in 
patients with hypertrophic cardiomyopathy. Int J Cardiol 2015; 
186: 3–4.

158 O’Mahony C, Lambiase PD, Quarta G, et al. The long-term survival 
and the risks and benefits of implantable cardioverter defibrillators 
in patients with hypertrophic cardiomyopathy. Heart 2012; 
98: 116–25.

159 Maron BJ, Casey SA, Chan RH, Garberich RF, Rowin EJ, 
Maron MS. Independent assessment of the European Society 
of Cardiology sudden death risk model for hypertrophic 
cardiomyopathy. Am J Cardiol 2015; 116: 757–64.

160 Magnusson P, Gadler F, Liv P, Mörner S. Hypertrophic 
cardiomyopathy and implantable defibrillators in Sweden: 
inappropriate shocks and complications requiring surgery. 
J Cardiovasc Electrophysiol 2015; 26: 1088–94.


	Hypertrophic obstructive cardiomyopathy
	Introduction
	Epidemiology
	Causes
	Sarcomeric causes
	Non-sarcomeric causes

	Pathophysiology
	Clinical presentation
	Clinical diagnosis

	Genetic testing and counselling
	Treatment
	Medical therapy
	Septal reduction therapy
	Special therapeutic considerations

	Sudden cardiac death, risk stratification, and prevention
	Future directions
	References


