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Management of hypertrophic cardiomyopathy

Yuhui Zhanga,�, Marianna Adamob,�, Changhong Zoua,�, Aldostefano Porcaric,
Daniela Tomasonib, Maddalena Rossic, Marco Merloc, Huihui Liua, Jinxi Wanga,
Ping Zhoua, Marco Metrab, Gianfranco Sinagrac and Jian Zhanga
Hypertrophic cardiomyopathy is an important cause of
heart failure and arrhythmias, including sudden death, with
a major impact on the healthcare system. Genetic causes
and different phenotypes are now increasingly being
identified for this condition. In addition, specific
medications, such asmyosin inhibitors, have been recently
shown as potentially able to modify its symptoms,
hemodynamic abnormalities and clinical course. Our
article aims to provide a comprehensive outline of the
epidemiology, diagnosis and treatment of hypertrophic
cardiomyopathy in the current era.
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Introduction
Hypertrophic cardiomyopathy (HCM) is one of the most
common inherited heart diseases.1–4 Modern research on
HCM began in the 1960s,5–8 and after >60years of
development, great progress has been made so far in
the etiology, diagnosis, treatment, and management of
HCM.9–12 The aim of this review is to summarize available
data on the epidemiology, diagnosis and treatment of
HCM in the current era.

Definition and epidemiology
The hallmark of HCM is increased ventricular wall thick-
ness mainly caused by mutations in sarcomere proteins
and is transmitted with an autosomal dominant inheritance
pattern in the absence of another cardiac, systemic, or
metabolic disease capable of producing that magnitude
of hypertrophy.

HCM is a global disease, and early epidemiological
surveys based on echocardiography showed that the
prevalence of HCM in general adults ranged from
0.16% to 0.23%,13–16 with an average of 0.20%
(1/500). Later, it was found that the incidence of patho-
genic variants in the sarcomeric gene was higher in
the general population than previously expected;17

advances in genetic testing technology have identified
more patients carrying pathogenic variants in sarcomeric
genes in the absence of clinical manifestations of left
ventricular hypertrophy (LVH), known as ‘genotype posi-
tive phenotype negative’ individuals18; and clinical appli-
cation of modern cardiac imaging techniques such as
cardiac magnetic resonance (CMR) has detected a num-
ber of HCM phenotypes that are commonly missed or
underdiagnosed using echocardiography.19,20 There-
fore, the contemporary prevalence of HCM was estimat-
ed to be higher than that in previous survey results and
could reach 1/200 (0.5%).21,22
Etiology
Pathogenic genes
HCM is mostly a monogenic inherited heart disease, and
approximately 60% of HCM patients have pathogenic
genetic variants mainly encoding myocardial sarcomere
proteins, including thick myofilaments, intermediate fila-
ments and thin myofilaments.1–4,9–11 Since Geisterfer-
Lowrance et al.23 first identified the beta–myosin heavy
chain 7 (MYH7) gene mutation as causative in a family
with HCM in 1990, over 1500 variants associated with the
pathogenesis of HCM have been identified to date in at
least 8 genes encoding myocardial sarcomere protein
(known as ‘core pathogenic gene’ of HCM) (Table 1),10

among which, MYBPC3 gene and MYH7 gene are the
two most common pathogenic genes, which account for
approximately 70% of patients with HCM positive for
genetic variations.
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Table 1 Common pathogenic genetic variants in hypertrophic cardiomyopathy

Pathogenic genes Gene mapping Genes encoded Detection frequency (%) Inheritance model

Thick myofilament protein
MYH7 14q11.2 Myosin heavy chain 7 20–30 AD
MYL2 12q24.11 Myosin light chain 2 2–4 AD
MYL3 3q21.31 Myosin light chain 3 1–2 AD, minimal AR

Intermediate filament protein
MYBPC3 11p11.2 Cardiac myosin binding protein C 30–40 AD, minimal AR

Thin myofilament protein
TNNT2 1q32.1 Cardiac troponin T2 5–10 AD
TNNI3 19q13.42 Cardiac troponin I3 4–8 AD
TPM1 15q22.2 alpha tropomyosin <1 AD
ACTC1 15q14 alpha actin 1 <1 AD

Note: AD, autosomal dominant; AR, autosomal recessive.
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Genetic pattern
Most genetic patterns of HCM caused by genetic variants
are autosomal dominant. However, due to incomplete
penetrance and age-dependent expression of pathogenic
genetic variants, carriers of pathogenic genetic variants do
not necessarily develop a clinical phenotype.10

Complex genetic variants
Some patients with HCM may carry multiple variants of a
single gene (compound variation) or heterozygous var-
iants of at least two identical or different genes, collectively
known as the complex genetic variant phenomenon. Stud-
ies have found that patients carrying complex genetic
variants have earlier onset, more severe clinical pheno-
type, and worse prognosis.24

Gene-elusive cases
Current studies have found that pathogenic genetic var-
iants are not detectable in up to 40% of HCM patients,
mainly seen in some sporadic cases (called ‘nonfamilial
HCM’) or small families, usually with late onset and rela-
tively mild clinical phenotype,25 suggesting that different
mechanismsmay be involved in the pathogenesis of HCM.

Pathophysiological mechanisms
HCM has complex pathophysiological mechanisms, main-
ly including left ventricular outflow tract obstruction
(LVOTO), mitral regurgitation (MR) and diastolic dysfunc-
tion with a major role also for myocardial ischemia and
autonomic dysfunction.1–4 At the individual level, one
mechanism may be predominant or complex interactions
between multiple mechanisms may be involved.

Left ventricular outflow tract obstruction
LVOTO is defined as an instantaneous peak left ventricular
outflow tract (LVOT) pressure gradient at �30mmHg
(1mmHg¼0.133kPa) detected by Doppler echocardiog-
raphy.Of note, LVOTO is dynamic andsensitive to changes
in ventricular preload, afterload and myocardial contractili-
ty.26 Importantly, for HCM patients without LVOTO at rest,
provocation test is required to assess latent LVOTO, which
can be performed by doing a Valsalvamaneuver, or repeat-
ed bedside transition from a supine to standing position or
from a squatting to standing position, or upright treadmill or
semi-supine bicycle test, etc.27,28 Due to the lack of speci-
ficity, use of dobutamine for determination of provocative
LVOTO is not recommended in current guidelines.1–4 No-
tably, studies have shown that LVOTO significantly in-
creased the risk of adverse events such as sudden
cardiac death (SCD), progression to moderate to severe
heart failure (HF), stroke and death inHCMpatients.29–31 A
resting or provoked LVOT pressure gradient �50mmHg is
generally considered tobe the threshold for septal reduction
therapy (SRT) in patients with drug-refractory symptoms.

Mitral regurgitation
There are two main causes of MR: secondary to systolic
anterior motion (SAM) phenomenon caused by LVOTO;
primary or intrinsic mitral apparatus abnormalities, such as
excessively elongated mitral valve leaflets, abnormal pap-
illary muscle insertion, and anteriorly displaced papillary
muscles.32

Diastolic dysfunction
The mechanism mainly includes two aspects: myocardial
ischemia, hypoxia, energymetabolism disorders, resulting
in abnormal diastolic intracellular calcium re-uptake of
myocardium and impaired myocardial active relaxation;
ventricular hypertrophy, myocardial fibrosis and changes
in ventricular geometry resulting in reduced ventricular
wall compliance (increased stiffness) and restrictive ven-
tricular filling.1–4

Myocardial ischemia
Its causes may include the following: cardiomyocyte hy-
pertrophy, resulting in an imbalance of myocardial oxygen
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supply and demand; intramural coronary vessels are ap-
parently narrowed by medial hypertrophy, and vascular
distribution density in the ventricular wall reduced;33 coro-
nary microvascular dysfunction, resulting in reduced cor-
onary flow reserve; and coronary myocardial bridging and
coronary atherosclerotic lesions in some cases.

Autonomic dysfunction
It is mainly manifested by abnormal heart rate recovery,34

inappropriate vasodilatation and abnormal blood pressure
response to exercise,35 and is related to the prognosis of
HCM.3,4

Clinical evaluation
Clinical evaluation of HCM patients includes family history,
symptoms and signs, etc. For patients with suspected
HCM, a comprehensive physical examination, detailed
personal history, and family history of at least three gen-
erations should be performed at the initial evaluation.

Family history
Family history is very important for the diagnosis and
prognosis of patients with HCM. Relevant family history
includes diagnosis of HCM in family members or occur-
rence of SCD in the first-degree relative aged �50years,
HF, heart transplantation, and history of implantable car-
dioverter defibrillator (ICD) therapy.36

Symptoms
The clinical manifestations of HCM vary greatly, ranging
from completely asymptomatic patients to exercise-relat-
ed symptoms, such as dyspnea, chest pain, palpitation
and syncope, and to SCD as the first manifestation. An
increasing proportion of clinically asymptomatic patients
with HCM are incidentally diagnosed following physical
examination, electrocardiography and/or echocardiogra-
phy as part of the diagnostic workup for other diseases or
as a result of cascade family screening in relatives of
patients with a pathogenic gene mutation.

Approximately 15–25% of HCM patients have experi-
enced at least one episode of syncope or presyncope.37

The occurrence of unexplained syncope within 6months
prior to the initial evaluation has been shown to be an
independent predictor of SCD in patients with HCM, and
the risk is nearly five times greater than that in patients
without syncope – a relationship that exists in different age
groups.38

Signs
Signs in patients with obstructive HCM are mainly related
to LVOTO. Rough ejection systolic murmur can be heard
in the third to fourth intercostal space located on the left
sternal border, without conduction to the neck, and mur-
mur can be enhanced by enhancing myocardial contrac-
tility or reducing cardiac preload and afterload; conversely,
murmur can be attenuated by weakening myocardial con-
tractility or increasing cardiac preload and afterload. This
kind of murmur needs to be differentiated from MR as well
as murmur of aortic stenosis (AS).

Auxiliary examination
Patients with HCM need to complete relevant auxiliary
examinations during initial evaluation and regular follow-
up, including the following aspects.39

Electrocardiogram
The mainly includes standard 12-lead ECG and 24–48h
ambulatory ECG.

1. Standard 12-lead ECG: This can provide information
about QRS complex voltage reflecting left ventricular
hypertrophy, repolarization abnormalities and arrhyth-
mia.40–42 The ECG recording of HCM patients demon-
strates abnormalities in up to 94% of cases at the first visit,
including left ventricular high voltage, pathological Q wave
and ST–T changes.43 In patients with suspected HCM, a
normal ECG greatly reduces the possibility of an underly-
ing HCM. Standard 12-lead ECG can be used for the initial
evaluation, regular follow-up and screening of familymem-
bers of patients with HCM.

2. 24–48h ambulatory ECG: Different types of arrhythmia
can be seen, including supraventricular and ventricular
arrhythmia.44 Among them, the prevalence of non-sus-
tained ventricular tachycardia (NSVT, defined as �3 con-
secutive ventricular beats with heart rate �100beats/min
and duration<30s) is 20%–30%,45 which is independent-
ly associated with an increased risk of SCD in young
patients aged <35 years; and faster rate (>200beats/
min), longer (>7 beats), and repetitive runs of NSVT
are more highly predictive.46

Echocardiography
Echocardiography is currently the first-choice examination
method for clinical diagnosis, disease monitoring, treat-
ment selection and therapeutic effect evaluation in HCM
patients. At present, there are a variety of new ultrasound
techniques applied in clinical practice, such as tissue
Doppler imaging, myocardial contrast echocardiography,
speckle tracking echocardiography for myocardial strain
or strain rate imaging, and their applicationsmainly include
the following aspects.39,47–49

1. Measure ventricular wall thickness to assess LVH: It is
recommended to measure the maximal ventricular wall
thickness of all ventricular segments in short-axis view
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from the base to the apex at the end of diastole, avoiding
overestimation of ventricular wall thickness in long-axis
view with M-mode ultrasound.

2. Measure LVOT pressure gradient to assess LVOTO:
Peak LVOT pressure gradient at rest is initially measured
to assess resting LVOTO and provocation test is recom-
mended to assess latent LVOTO if the resting LVOT
pressure gradient is <50mmHg.

Cardiac biomarkers
At present, detection of cardiac biomarkers mainly refers
to natriuretic peptide and cardiac troponin. Natriuretic
peptide detection is used to assess cardiac load or cardiac
function, and cardiac troponin detection is used to assess
myocardial injury, both of which are helpful for risk stratifi-
cation and prognosis judgment of HCM patients.50–53

Thus, it is recommended to perform routine detection of
cardiac biomarker parameters during the initial evaluation
and regular follow-up of HCM patients.

Cardiac magnetic resonance
Cardiac magnetic resonance (CMR) is currently the most
accurate examination method for the diagnosis of HCM
and the current noninvasive imagingmethod of first choice
for the assessment of myocardial fibrosis.39,54 Clinical
applications of CMR in patients with HCM mainly include:

1. Measure ventricular wall thickness and cardiac chamber
size: For special sites where hypertrophy occurs such as
the anterolateral wall of the left ventricle, posterior septum,
right ventricle and apex or apical ventricular aneurysm and
thrombosis, CMR is of greater diagnostic value than TTE,
which is helpful for the accurate classification of HCM.

2. Assess myocardial fibrosis: Focal replacement fibrosis
(myocardial scar) can be detectable by late gadolinium
enhancement (LGE), which is helpful for risk stratification
and prognosis of HCM.55,56 The presence of extensive
LGE, such as�15% left ventricular mass, has been shown
to increase the risk of SCD and is associated with poor
prognosis in HCM.55

Genetic testing
Genetic testing is of great value in the diagnosis and
differential diagnosis of HCM, family screening and pre-
natal and postnatal care,57,58 and is also of certain value in
the prognostic evaluation and risk stratification of
HCM.59,60 For patients with HCM, it is recommended to
perform genetic testing so as to clarify the genetic basis
and help identify individuals at high risk of developing
HCM in the family.

Nowadays, genetic testing is mainly performed using
next-generation sequencing technology, which is
characterized by high throughput, rapid detection and
low cost.61

As for genetic testing in HCM, it is usually preferred to
sequence ‘target genes’ or ‘gene panels’ containing at
least eight ‘core pathogenic genes’ (MYH7, MYBPC3,
MYL2, MYL3, TNNT2, TNNI3, TPM1 and ACTC1) that
are clearly associated with the pathogenesis of HCM. If the
above genetic testing fails to identify pathogenic gene
mutation, gene panel sequencing for cardiomyopathy,
or whole exome sequencing or whole genome sequencing
may be considered.62 For detection results of genetic
variants, only those with pathogenic (P) and likely patho-
genic (LP) are clinically significant.63

Of note, the pathogenicity of genetic variants depends on
the current number or level of evidence, and the pathoge-
nicity classification of genetic variants may change over
time. Thus, for HCM patients with genetic testing, it is
recommended to periodically reevaluate the pathogenicity
of genetic variants to determine whether reclassification is
required.64

Exercise tests
Cardiopulmonary exercise test (CPET) can be objectively
evaluated in HCM patients to have a quantitative assess-
ment of exercise tolerance or degree of functional limita-
tion which is associated with poor prognosis in HCM
patients.65 For patients with end-stage (ES) HCM (ES–
HCM), CPET can assist in the evaluation of indications for
heart transplantation or mechanical circulatory support.

Endomyocardial myocardial biopsy
Endocardial myocardial biopsy is an invasive examination
that is mainly used when clinical evaluation suggests
infiltrative, storage or inflammatory diseases (HCM ‘phe-
nocopies’) that cannot be definitely diagnosed by routine
noninvasive imaging, or for patients with HCM who have
lower response to routine treatment and thus require
further clarification of the cause.66

Diagnostic criteria and algorithm
Ventricular wall thickening is a requisite criterion for the
diagnosis of HCM. Different cardiac imagingmethods such
as echocardiography, CMR or cardiac CT can be used.

1. Diagnostic criteria for HCM in adults (�18 years of age):
A maximal end-diastolic ventricular wall thickness of
�15mm in one or more left ventricular myocardial seg-
ments as measured by any cardiac imaging technique.
Moreover, maximal thickness of left ventricular wall of
�30mm is called extreme LVH.67 For family members
other than the proband in familial HCM or individuals with
positive genetic testing (carriers of HCM pathogenic
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genetic variants), maximal end-diastolic ventricular wall
thickness of �13mm can also be diagnosed with HCM.

2. Diagnostic criteria for HCM in children (<18years of
age): Different diagnostic cut-off values are used depend-
ing on the children's age, body surface area, and pretest
probability of diagnosing HCM: for asymptomatic children
with no family history of HCM, HCM can be diagnosed
when the body surface area adjusted z-score is >2.5
standard deviations above the mean. For children with
a definite family history of HCM or a positive genetic test, a
threshold of a z-score of >2.0 standard deviations above
the mean value may be appropriate.

The diagnostic algorithms of HCM patients are detailed in
Fig. 1.

Genetic evaluation and family screening
Genetic evaluation
Genetic evaluation usually includes two parts: genetic
counseling and genetic testing. Genetic evaluation first
Fig. 1

Clinical presentations su

Abnormal ECG, ventricular wall thic

Ventricular wall thickening on CMR

Family history of HCM

Genetic testing of HCM-related gen

Carrying of pathogenic or likely pathogenic (P/LP

Rule of HCM
phenocopies

Genotype positive phenotype negative
(carriers of gene mutation) 

Hered
scree

Follow-up with ECG and echocardiography
every 1-2 years for children and adolescents

and every 3-5 years for adults

No

No

No

Yes

Yes

Yes

No

Diagnostic algorithm for hypertrophic cardiomyopathy (CMR, cardiac ma
cardiomyopathy; SCD, sudden cardiac death).
involves the first patient diagnosed with HCM in the family
(called a ‘proband’ or ‘index case’).

1. Genetic counseling: Generally, genetic counseling
includes pretest genetic counseling and posttest genetic
counseling.1–4 The aims of the former are to carry out
family history survey and pedigree mapping, and to ex-
plain in detail to patients and relatives the benefits and
potential hazards of genetic testing for detection of inher-
ited heart diseases. Furthermore, the latter is recom-
mended to provide a professional interpretation of
genetic testing results based on the patient's phenotype
to assess the value of risk stratification for individuals and
family members, and to inform patients and relatives that
the genetic testing results need to be re-interpreted regu-
larly based on progress in the pathogenicity classification
of genetic variants.68

2. Genetic testing: See ‘Auxiliary examination, genetic
testing’ for details.
spected of HCM

kening in echocardiography

Presentations of systemic diseases*

es

) genetic variants 

Clinical diagnosis of HCM

Assessment of
SCD risk for HCM

Investigation of
specific etiology

Treatment and 
follow-up of HCM

itary HCM and family
ning of at least three

generations 

Diagnosis of 
other specific

diseases

No

No

Familial HCM

*Presentations of systemic disease include (but
are not limited to) visual impairment, sensorineural
deafness,   gait  disturbance,   muscle   weakness,
carpel   tunnel   syndrone,    paraesthesia/sensory
abnormalities/autonomic manifestationns/neuro-
pathic pain, angiokeratoma, etc. 

Yes

Yes

Yes

gnetic resonance; ECG, electrocardiography; HCM, hypertrophic
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Family screening
Family screeningshould include twoparts: clinical evaluation
and genetic testing. Clinical evaluation includes symptom
evaluation and auxiliary examination. Symptom evaluation
mainly refers to evaluation of exercise-related dyspnea,
chest pain, palpitation or syncope. Auxiliary examination
includes at least 12-lead ECG and echocardiography.

For first-degree child relatives from families with positive
HCM genotype, it is recommended that clinical evaluation
and genetic testing should be initiated when HCM is
diagnosed in other family members, and ECG and echo-
cardiography should be regularly performed every 1–
2 years thereafter; for other types of first-degree child
relatives, it is recommended that clinical evaluation should
be initiated at any time (but not later than puberty) after
HCM is diagnosed in family members, and then ECG and
echocardiography should be regularly performed every 2–
3 years thereafter,3 with clinical evaluation to be continued
at least to middle age (50 years old).3
ig. 2

No

No No

Yes Yes Yes

HCM proband target gene testing

Cascade/predictive 
genetic testing

Disease-causing P/LP variants

Reclassified as
P/LP variant

Carrying P/LP
variant

Carrying B/LB or
VUS variant

Reclassified as
VUS or B/LB variant

Clinical evaluation in
family members

Clinical evaluation
of HCM

Clinical evaluation
of HCM

Clinical evaluation
of HCM

Clinical 
diagnosis of

HCM

Standard
treatment routine

follow-up

Standard
treatment routine

follow-up

Standard
treatment routine

follow-up

Regular
clinical

surveillance

Regular
clinical

surveillance

Withdraw of
clinical

surveillance

Clinical 
diagnosis of

HCM

Clinical 
diagnosis of

HCM

Genotype
positive phenotype

negative

VUS, B/LB, or no variants

Regular reevaluation for variant reclassification

low chart for genetic testing and family screening in hypertrophic cardiomyopathy (B/LB, benign/likely benign; HCM, hypertrophic
ardiomyopathy; P/LP, pathogenic/likely pathogenic; VUS, variant of unknown significance).
F

F
c

The corresponding family screening strategy are shown as
follows.69,70

1. For families with a genetic variant of P/LP type
detected in the proband, it is recommended to carry
out cascade/predictive family screening. If the first-de-
gree relative carries the same pathogenic genetic variant
as the proband and has HCM-related clinical manifesta-
tions, HCM is definitely diagnosed, and standardized
treatment and routine follow-up should be performed.
If the first-degree relative carries the same pathogenic
genetic variant as the proband but does not have evi-
dence of LVH and is asymptomatic, a diagnosis of ‘ge-
notype positive phenotype negative’ (GþP�) individual
is made, and it is recommended to perform long-term
regular follow-up to monitor the disease progression. If
no pathogenic genetic variant is detected in relatives and
with no HCM-related clinical manifestation on initial eval-
uation, further clinical monitoring can be removed
(Fig. 2).
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2. For families without a genetic variant of P/LP type
detected in the proband: If the proband has not yet under-
gone genetic testing, or the test result is negative, or the
result is VUS or B/LB variant, it is recommended that
relatives should undergo clinical evaluation. If HCM-relat-
ed clinical manifestations are found, HCM is diagnosed
clinically, and standardized treatment and routine follow-
up should be performed. If no HCM-related clinical man-
ifestations are revealed in the initial evaluation, perform
regular clinical evaluation (Fig. 2).

Genotype positive phenotype negative (GRPS)
individuals
1. Definition: (GþP�) individuals refer to individuals car-
rying HCM-related P/LP genetic variants (Gþ) but have no
evidence of LVH on cardiac imaging (P�) and are clinically
asymptomatic.10

2. Subclinical structural and/or functional abnormalities:
Despite no evidence of LVH on cardiac imaging, some
(GþP�) individuals may have ECG abnormalities and
may have subtle cardiac imaging abnormalities.71,72

The clinical significance of these subclinical structural
and/or functional changes remains unclear.

3. Phenotypic transformation: Some (GþP�) individuals
can increase ventricular wall thickness during follow-up,
meeting the diagnostic criteria for HCM and have pheno-
typic transformation,73 with an incidence ranging from 6%
to 30% and varied time from positive genotype to
positive phenotype.

4. Prognosis: Generally, (GþP�) individuals have a better
prognosis as long as they undergo no phenotypic trans-
formation, and most of them have no clinical symptoms.
However, some cases can undergo phenotypic transfor-
mation, develop clinical symptoms and even SCD.

Clinical classification and staging
Clinical classification
HCM can have different clinical classifications according
to different criteria.

1. According to hemodynamics: Obstructive HCM: This
can be further divided into LVOTO, mid-ventricular ob-
struction and left ventricular apical obstruction according
to the site of ventricular wall hypertrophy. Generally,
obstructive HCM refers to LVOTO, that is, with instanta-
neous peak LVOT pressure gradient of �30mmHg; it can
be divided into resting obstructive (with LVOTO present at
rest) and latent obstructive (with LVOTO after provocation
but absent at rest). Nonobstructive HCM: This is defined
as a peak LVOT pressure gradient at <30mmHg both at
rest and with provocation. Clinically, resting obstructive,
latent obstructive, and nonobstructive HCM account for
approximately one-third, respectively.74

2. According to hypertrophy site: Septal hypertrophy: This
is the most common clinical phenotype, mainly involving
the basal interventricular septum, characterized by ASH.
The diagnostic criterion is the ratio of end-diastole inter-
ventricular septum to left ventricular posterior wall thick-
ness �1.3�1.5. Apical hypertrophy: This is also known as
apical hypertrophic cardiomyopathy (ApHCM), which
refers to ventricular hypertrophy mainly involving the apex
below the papillary muscle of the left ventricle.75 ApHCM is
a relatively rare subtype of HCM which is relatively more
prevalent in Asian populations, with a higher prevalence in
males, and progresses relatively slowly. The diagnostic
criteria are maximal left ventricular end-diastolic ventricu-
lar wall thickness at the apex �15mm, and the ratio of the
maximal apical to posterior wall thickness �1.5. It can be
subclassified into two forms: ‘pure’, with isolated apical
hypertrophy; and ‘mixed’, with both apical and septal
hypertrophy but with the apex thickest.75 The typical
feature on ECG is giant negative T wave with voltage
often >1.0mV, which can be seen in leads I, aVL and
V3–6, with increased R wave and depressed ST segment
in corresponding leads, especially in lead V4. Echocardi-
ography and CMR imaging are the most valuable imaging
test methods, which show ‘black spade’ pattern-like
changes in the left ventricular cavity. Mid-ventricular hy-
pertrophy: This is also known as mid-ventricular obstruc-
tive hypertrophic cardiomyopathy (MVOHCM), which
refers to myocardial hypertrophy at the level of the papil-
lary muscle in the middle of the left ventricle and in the
middle of the interventricular septum, with an end-systolic
pressure gradient between the apex and the base of the
left ventricle.76 Diagnostic criteria include: maximal end-
diastolic mid-ventricular wall thickening with wall thickness
of �15mm, or ventricular wall thickness of �13mm with
definite family history; and mid-ventricular end-systolic
peak pressure gradient of �30mmHg.

3. According to genetic characteristics: Familial/inherited
HCM: The disease is caused by pathogenic genetic var-
iants and its diagnostic criteria includes at least two mem-
bers of three generations of relatives with HCM in addition
to proband or presence of same genetic variants as the
proband. Sporadic HCM: There is no familial aggregation
of the disease. It is not caused by genetic variants, or
variants carried by patients are ‘de novo’ variants.

Clinical staging
In 2012,Olivottoet al.77 proposed a clinical staging for HCM
patients basedonobjective evidenceof clinical anddisease
progression, dividing HCM into four stages: stage I (non-
hypertrophic/preclinical), stage II (classic phenotype),
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stage III (adverse remodeling) and stage IV (overt dysfunc-
tion/end-stage).

Special phenotypes
1. ES–HCM: ES–HCM was defined as HCM with severe
left ventricular systolic dysfunction and the main diagnos-
tic criterion is left ventricular ejection fraction (LVEF) of
<50% by echocardiography.78 Based on the previous
reports, prevalence of ES–HCM in HCM ranged from
2.4% to 15.7%,78–83 and about 0.5–1.5% of patients with
HCM progress to ES–HCM every year.78–81 Previous
studies showed that patients with ES–HCM suffered from
a severe clinical phenotype and poor prognosis, with an
annual mortality rate of 11.0%,78 with HF and SCD as the
main causes of death. However, a recent report by Rowin
et al.83 showed that the annual mortality rate of ES–HCM
patients decreased significantly to 1.9% on current optimal
anti-HF treatment, which was significantly lower than the
previously reported annual mortality rate (8.0%), but still
higher than the annual mortality rate for HCM patients with
preserved LVEF (0.2%). These results suggest that cur-
rent treatment strategies, including ICD and heart trans-
plantation, significantly improve the prognosis of ES–

HCM patients.

2. HCM with restrictive phenotype (RP–HCM): According
to the study conducted by Kubo et al.,84 RP–HCM echo-
cardiographic diagnostic criteria include the following
aspects: significant enlargement of both atria, mitral inflow
E/A ratio of �2 and mitral deceleration time of �150ms;
absent or only mild LVH; ventricular cavity reduced or of
normal size; LVEF normal or mildly decreased. Preva-
lence of RP–HCM in HCM patients ranged from 1.5% to
5.9% in different studies, suggesting that RP–HCM is
relatively uncommon.84,85 Studies have shown that
MYH7, TNTT3 andMYL2 gene variants aremore common
in patients with RP–HCM.84,86 Compared with patients
with classic HCM, patients with RP–HCM demonstrate
severe clinical phenotype, poor prognosis, and high mor-
tality from HF.84,86

Complications
Atrial fibrillation
Atrial fibrillation (AF) is one of the most common arrhyth-
mias in patients with HCM, which is present in 18–20% of
patients87–89 with an annual incidence of approximately
3%.88 Advanced age, left atrial enlargement, andNewYork
Heart Association (NYHA) functional classes III and IV are
the main risk factors for AF in HCM patients. AF affects the
quality of life and increases the risk of stroke and peripheral
embolism with a prevalence and annual incidence of 27%
and 4%, respectively.88 On current effective treatment, AF-
related mortality has been reduced, showing no significant
difference from HCM patients without AF. However, AF
remains an important cause of thrombotic events in HCM
patients.89

Heart failure
Patients with HCM may present with symptoms of dys-
pnea, mainly caused by abnormal left ventricular diastolic
function, manifested as heart failure with preserved ejec-
tion fraction (HFpEF, LVEF � 50%). A few patients prog-
ress to ES–HCM, which manifests as heart failure with
reduced ejection fraction (HFrEF, LVEF� 40%) and heart
failure with mildly reduced ejection fraction (HFmrEF,
LVEF 41–49%).90

Left ventricular apical aneurysm
Left ventricular apical aneurysm (LVAA) is a relatively rare
complication of HCMwith an incidence of between 1% and
5%,91 and is more common in special types of HCM such
as ApHCM and MVOHCM.92,93 LVAA is one of the risk
factors for SCD in patients with HCM and is closely related
to the poor prognosis of HCM.94

Intracardiac thrombosis
Intracardiac thrombosis can be divided into atrial throm-
bosis and ventricular thrombosis by location. Atrial throm-
bosis, including atrial appendage thrombosis, is primarily
associated with AF. HCM patients with AF have a high risk
of stroke.82 Left ventricular thrombosis is relatively rare in
patients with HCM,95 and is more common in special types
of HCM such as ApHCM and MVOHCM, especially in
patients with LVAA.

Differential diagnosis
There are a variety of physiological and pathological
factors that can lead to ventricular wall thickening, known
as ‘phenocopies’,96,97 which need to be differentiated from
HCM (Table 2).

Myocardial hypertrophy caused by regular exercise
(athlete heart)
Long-term regular exercise can lead to adaptive changes
in the heart, manifested as mild symmetrical hypertrophy
of the left ventricle (usually�15mm), with normal diastolic
function, good cardiopulmonary exercise function, no fam-
ily history of cardiomyopathy, and negative genetic testing.
The degree of myocardial hypertrophy can be alleviated or
subsides after 3months of withdrawal from exercises.

Hypertension
Generally, patients with long-term uncontrolled blood
pressure may have mild symmetrical hypertrophy
(�15mm), ultrasonic hypoecho for hypertrophic myocar-
dium, and possibly enlarged left ventricular cavity in
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decompensated stage. ECG may indicate left ventricular
high voltage, and genetic testing is generally negative.
LVH can be alleviated or subsides after 6–12months of
strict blood pressure control.

Aortic stenosis
AS can cause increased cardiac afterload, resulting in
compensatory hypertrophy of the myocardium, generally
mild symmetrical hypertrophy (�15mm), with different
location, transmission and influencing factors of murmur.
Echocardiography indicates aortic valve thickening, limit-
ed systolic opening and reduced valve orifice area and
cardiac catheterization reveals systolic pressure gradient
between the left ventricle and aorta help to differentiate
from HCM.

Cardiac amyloidosis
Cardiac amyloidosis (CA) can have extra-cardiac and
cardiac manifestations including symmetrical ventricular
wall thickening with low or normal voltage on ECG and,
thus with decreased ratio of QRS voltage to wall thick-
ness.98 Echocardiography99 and CMR100 help to discrimi-
nate CA from HCM. Blood and urine free light chain test
and immunofixation electrophoresis, pyrophosphate ra-
dionuclide bone scan and transthyretin gene detection
are used to assist in the diagnosis of CA101; pathological
examination results of affected organs and/or endocardial
biopsies are the gold standard for the diagnosis and
classification of CA.102

Congenital metabolic disorders
1. Fabry disease:103 This is caused by mutations in the
alpha-galactosidase A (GLA) gene with a X-linked reces-
sive inheritance pattern. Cardiac involvement is charac-
terized by concentric myocardial hypertrophy, aortic and
mitral valve thickening with mild to moderate regurgitation,
with ECG often displaying left ventricular high voltage and
conduction system involvement and also showing short
PR interval without preexcitation. LGE in the mid-posterior
lateral wall is seen on CMR. Alpha-galactosidase A en-
zyme activity detection and genetic testing are helpful in
confirming the diagnosis.

2. Glycogen storage disease: This is often accompanied
by multiple organ involvement, mainly including the fol-
lowing: Danon disease:104 This is a X-link dominant disor-
der, caused by mutations in the LAMP2 coding gene
located at Xq24. It is characterized by a typical triad
phenotype: cardiac hypertrophy with inherited preexcita-
tion, muscle weakness and mental retardation. Typical
pathological features are intracytoplasmic vacuoles in
skeletal muscle cells, with LAMP-2 insufficiency sug-
gested by immunohistochemical staining. It can be
differentiated based on genetic testing and characteristic
pathological changes. RKAG2 cardiac syndrome:105 This
is caused by mutations in the PRKAG2 gene with autoso-
mal dominant inheritance. Cardiac involvement is charac-
terized by myocardial hypertrophy, inherited preexcitation,
conduction system disorders and supraventricular arrhyth-
mia tetralogy, with few or rare other systemic manifesta-
tions. Genetic testing is helpful to confirm the diagnosis.

Neuromuscular disorders
Friedreich's ataxia:106 This is caused by mutations in the
FXN gene encoding the soluble mitochondrial protein
frataxin, with an autosomal recessive inheritance pattern,
and cardiac involvement is mainly characterized by cardi-
ac hypertrophy. Genetic testing is helpful to confirm the
diagnosis.

Malformation syndromes
These include Noonan syndrome,107 LEOPARD syn-
drome,108 etc., collectively referred to as RASopathies.109

Noonan syndrome and LEOPARD syndrome are caused
by mutations in the PTPN11 gene encoding the nonre-
ceptor protein tyrosine phosphatase type 11 and in proto-
oncogenes c-Raf or RAF1 and BRAF gene, with an auto-
somal dominant inheritance pattern. Genetic testing is
helpful in diagnosis.

Mitochondrial diseases
Primarymitochondrial diseases are caused bymutations in
nuclear DNA or mitochondrial DNA, resulting in energy
metabolism disorders and symptoms of multisystem in-
volvement, including brain, skeletal muscle andmyocardial
manifestations with high demand for aerobic metabolism.
Cardiac involvement mainly presents with cardiac hyper-
trophy. Genetic testing helps to achieve a diagnosis.110

Treatment
The treatment goals of HCM include relieving clinical
symptoms, improving cardiac function, delaying disease
progression, and reducing disease death.

1. For patients with symptomatic obstructive HCM, medi-
cal treatment or invasive treatment can be used to
improve symptoms.

2. For patients with symptomatic nonobstructive HCM,
treatment is mainly aimed at comorbidities.

3. For patients with asymptomatic HCM, it is required to
perform regular clinical evaluation. Even in the presence of
LVOTO, SRT is not recommended.

4. All patients with HCM should routinely undergo risk
assessment and risk stratification for SCD for correspond-
ing prevention and treatment.
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Drug therapy for patients with symptomatic
obstructive hypertrophic cardiomyopathy
At present, the types of drug treatment for patients
with symptomatic obstructive HCM mainly include the
following:1–4

Beta blockers: As the earliest drugs studied for the treat-
ment of patients with HCM, currently, beta blockers are
used as first-line treatment.1–4 For patients with symptom-
atic obstructive HCM, it is recommended to use beta
blockers without vasodilator effects, including propranolol,
metoprolol, and bisoprolol, starting with a small dose and
titrated gradually to a therapeutically effective (for symp-
tomatic relief) or maximally tolerated dose (usually defined
as a resting heart rate of 55–60beats/min).111–113

2. Cardiac myosin inhibitors: Mavacamten is a selective
allosteric inhibitor of cardiac myosin that inhibits the ex-
cessive formation of myosin-actin cross-bridges by selec-
tively reducing the ATPase activity of cardiac myosin
heavy chain.114 Results from the EXPLORER-HCM
study115 demonstrated that treatment with mavacamten
can significantly reduce resting and provoked LVOT pres-
sure gradients. Moreover, mavacamten can improve ex-
ercise capacity, cardiac function and health status, and
decrease N-terminal-pro B type natriuretic peptide (NT-
proBNP) and cardiac troponin I (cTnI) levels.116,117 VAL-
OR-HCM study118 showed that 16weeks of treatment with
mavacamten significantly reduced the proportion of
patients who met the criteria for SRT. In the following
active-controlled period, mavacamten treatment showed
sustained reduction in the proportion proceeding to SRT
through 32weeks.119 The exploratory diastolic function
sub-study demonstrated that treatment with mavacamten
is associated with improvement in the average E/e’ ratio
and left atrial volume index, independently of changes in
the LVOT gradient pressure and improvement in MR.120

The MAVERICK-HCM study121 showed that treatment
with mavacamten in nonobstructive HCM can reduce
levels of NT-proBNP and cTnI. Mavacamten was ap-
proved by the US Food and Drug Administration (FDA)
in April 2022 and is the first and only cardiac myosin
inhibitor approved for the treatment of adult patients with
symptomatic NYHA functional class II to III obstructive
HCM to improve functional capacity and symptoms. In the
2023 European Society of Cardiology (ESC) Guidelines
on the management of cardiomyopathy, cardiac myosin
ATPase inhibitors have been recommended for the treat-
ment of symptomatic patients with obstructive HCM (rest-
ing or provocable LVOT �50mmHg) to relieve symptoms
as second-line therapy when beta blockers, calcium
antagonists, and/or disopyramide are ineffective or poorly
tolerated with class of recommendation (COR) IIa, level of
evidence (LOE) A.122 Mavacamten should be uptitrated to
the maximum tolerated dose (max 15mg/day) under care-
ful echocardiographic monitoring for decline in LVEF. Of
note, cardiacmyosin ATPase inhibitors should not be used
with disopyramide.

Aficamten (CK-27) is a novel, selective, small molecule
inhibitor of cardiac myosin.123,124 Results from RED-
WOOD-HCM study125 demonstrated that aficamten sig-
nificantly reduced LVOT gradient pressure and NT-
proBNP levels compared with placebo. Currently, both
the FDA and the Center for Drug Evaluation of the National
Medical Products Administration have granted ‘break-
through therapy’ designation to aficamten for the treat-
ment of symptomatic obstructive HCM.

Of note, initiation of cardiac myosin inhibitors in patients
with LVEF of <55% is not recommended and should be
interrupted if LVEF is <50% at any visit or if the patient
experiences HF symptoms or worsening clinical status.

3. Nondihydropyridine calcium channel blockers (CCBs):
These have negative inotropic and negative frequency
effects and thus can alleviate LVOTO, improve diastolic
ventricular filling, and improve patient symptoms. For
patients with symptomatic obstructive HCM who are re-
fractory to, intolerant of, or have contraindications to beta
blocker therapy, it is recommended to use nondihydropyr-
idine CCBs,1–4 including verapamil or diltiazem. However,
the use of nondihydropyridine CCBs is not recommended
in patients with signs of severe dyspnea or HF at rest,
hypotension or cardiogenic shock, sick sinus syndrome, or
second- or third-degree atrioventricular block (unless a
pacemaker is implanted), and markedly elevated resting
LVOT pressure gradients (>80–100mmHg).

4. Disopyramide: This belongs to Class Ia antiarrhythmic
drugs, has a potent negative inotropic effect, can inhibit
myocardial contractility, alleviate SAM phenomenon and
the degree of MR, and can decrease the LVOT pressure
gradient.126,127 A recent study explored the electrophysi-
ological profile of disopyramide and provided evidence for
the efficient reduction of outflow gradients but also the
limited prolongation of the QT interval and the absence of
arrhythmic side effects.128 For patients who still have
persistent severe symptoms related to LVOTO after use
of beta blockers or nondihydropyridine CCBs, it is recom-
mended to use disopyramide in combination with beta
blockers or nondihydropyridine CCBs and gradually titrate
to the maximal tolerated dose.

5. Cibenzoline: This also belongs to Class Ia antiarrhyth-
mic drugs, which can decrease the LVOT pressure gradi-
ent and alleviate LVOTO, and can also improve left
ventricular diastolic function.129 For patients who remain
symptomatic after beta blockers or nondihydropyridine



410 Journal of Cardiovascular Medicine 2024, Vol 25 No 6

D
ow

nloaded from
 http://journals.lw

w
.com

/jcardiovascularm
edicine by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

g
bsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 06/05/2024
CCBs, it is recommended to use cibenzoline in combina-
tion with beta blockers or nondihydropyridine CCBs and
gradually titrate to the maximal tolerated dose.

Invasive therapy for patients with symptomatic
obstructive hypertrophic cardiomyopathy
Invasive treatmentmeasures include surgical septalmyect-
omy (SSM), septal myocardial ablation (SMA), and dual-
chamber pacemaker implantation, and the first twomodali-
ties can reduce the thickness of the interventricular septum,
and are thus collectively referred to as SRT.

1. General indications for SRT include: Clinical criteria:
Presence of severe dyspnea or chest pain symptoms
(NYHA functional class III or IV) after optimal drug treat-
ment or other symptoms related to exercise (such as
recurrent syncope or presyncope) is related to LVOTO
and affects the patient's daily activities and quality of life.
Hemodynamic criteria: Peak LVOT pressure gradient of
�50mmHg at rest or with provocation is associated with
septal hypertrophy or mitral SAM phenomenon. Anatomi-
cal criteria: It is at the discretion of the operator to deter-
mine whether the septal thickness is sufficient in order to
perform the operation safely and effectively. SRT is not
recommended for asymptomatic obstructive HCMpatients
with normal exercise tolerance or if symptoms can be
controlled with optimized medical therapy.

2. Specific indications for SSM include1–4,130: In patients
who meet indications for SRT and are able to undergo
cardiac surgery, it is recommended to perform SSM131–

135; in patientswith related heart diseases requiring surgical
treatment, it is also recommended to performSSM134,136; in
patients who failed SMA treatment (residual obstruction) or
have postoperative recurrence, it is recommended to per-
form SSM137,138; those meeting indications for SRT and
with presence of moderate to severe MR not caused by the
SAM phenomenon of mitral valve alone after detailed eval-
uation,mitral valve repair (preferred) or replacement should
be considered.139 Mitral valve replacement solely for the
relief of LVOTO is not recommended.

Main surgical procedures include: Thoracotomy and
transaortic extended septal myectomy or modified
Morrow operation is the main surgical procedure,130,140,141

whichwasfirst reportedbyMorrowet al. in 1961.7Currently,
a transapical approach myectomy can be performed for
ApHCM,142 and a combined transaortic and transapical
approach tomyectomy can be performed for MVOHCM.143

SSM can rapidly and significantly alleviate LVOTO and
resolve MR, which allows the long-term survival rate for
patients tobeclose to thatof thegeneral population.Studies
in Western countries showed that the 1-, 5-, and 10-year
survival rates for patients with symptomatic obstructive
HCM after SSM were 98%, 96%, and 83%, respectively,
which were similar to those of the general population, but
were significantly higher than those of patients who failed to
receive SSM (1-, 5-, and 10-year survival rates were 90%,
79%, and 61%).131 Similarly, study results in China showed
that the 1-year and 5-year cumulative survival rates for
patientswith symptomatic obstructiveHCMafter SSMwere
99%and 97%, respectively.134 Currently, the surgery-relat-
ed mortality rate for SSM alone is<1%, while the mortality
rate for SSM combined with mitral valve surgery is 3–
5%.135 Other common early postoperative complications
include complete atrioventricular block (AVB), left bundle
branch block (LBBB), atrial fibrillation, ventricular septal
perforation and aortic valve insufficiency.

3. Specific indications for percutaneous transluminal septal
myocardial ablation (PTSMA) include patients who meet
indications for SRT but cannot undergo surgery due to
advanced age or severe comorbidities, patients at higher
riskorwith contraindications tosurgery, orpatientsunwilling
to undergo surgery, for whom it is recommended to perform
PTSMA.1–4,144 For patients with SSM treatment failure
(residual obstruction) or postoperative recurrence of
PTSMA, PTSMA can be considered again.145 Alcohol sep-
tal ablation (ASA) is mainly used currently which is the
classic PTSMAusing anhydrous alcohol (96–99%ethanol)
for chemo-ablation and blocking the septal branch artery,
resulting in regional myocardial necrosis, thereby eliminat-
ing interventricular septal hypertrophy and reducing
LVOTO. PTSMA can significantly reduce the peak LVOT
pressure gradient, alleviate LVOTOand resolveMR, there-
by improving patient symptoms and cardiac function, and
improving exercise tolerance and quality of life. A decrease
in the peak LVOT pressure gradient by �50% or a peak
LVOT pressure gradient of <30mmHg is usually consid-
ered to be a marker of successful PTSMA operation.
PTSMA can also significantly improve the long-term surviv-
al rates for patients with symptomatic obstructive HCM,
making them close to those for the general population
matched for age and gender.146,147 The incidence of major
adverse cardiac events after ASA is <2%. Complications
mainly include AVB (<10% requiring implantation of per-
manent cardiac pacemaker), right bundle branch block
(RBBB) (affecting supply of blood to first septal branch
artery), myocardial infarction and myocardial scarring-in-
duced arrhythmia, etc.

4. SSM vs. ASA: Both SSM and ASA are effective treat-
ments for obstructive HCM, with no significant differences
in alleviating LVOTO, improving symptoms and quality of
life, and short- and long-term mortality in experienced
centers.148 However, ASA is associated with a higher
incidence of postoperative residual obstruction, which
may require reintervention, and a higher risk of AVB,
requiring permanent pacemaker implantation,149,150 espe-
cially among patients with preexisting conduction system
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disease. Although limited data are available, ASA may be
less effective in patients with very severe hypertrophy
(�30mm).151 In an recent analysis of 3859 patients with
obstructive HCM, ASA was associated with an increase of
68% in the 10-year all-cause mortality risk compared with
SSM after adjustment for age, sex, and comorbidities.152

In clinical practice, individualized selection needs to be
made after comprehensive evaluation according to factors
such as patient age, site and degree of obstruction, con-
comitant diseases and patient wishes.

5. Other SMA procedures include: Percutaneous intra-
myocardial septal radiofrequency ablation (PIMSRA, also
known as the Liwen procedure):153,154 This may be con-
sidered as an alternative treatment for SSM or ASA at
experienced centers, and its long-term efficacy deserves
further investigation. Endocardial radiofrequency ablation
of septal hypertrophy (ERASH):155,156 ERASH has a high
incidence of complications, and the long-term outcome
requires further observation.

6. Dual-chamber pacemaker implantation: Nowadays,
there are few applications of dual-chamber pacemakers
in the treatment of patients with obstructive HCM for
symptom control since the long-term efficacy is uncertain.
For patients with SSM or ASA who are at high risk of heart
conduction block after operation, dual-chamber pacemak-
er implantation may be considered.4

Treatment of hypertrophic cardiomyopathy
with heart failure
Heart failure with preserved ejection fraction
1. The goal of medical treatment is to control the heart rate
to reduce left ventricular end-diastolic pressure and
improve left ventricular filling. Beta blockers and nondihy-
dropyridine CCBs are recommended as first-line treat-
ment. Small doses of diuretics (loop diuretics or thiazide
diuretics) should be considered with caution in patients
with exertional dyspnea or signs of fluid retention despite
other treatment.

2. End-stageHCM: Drug therapy: Guideline-directedmed-
ical therapy (GDMT) is recommended based on the
updated guidelines on HF,157,158 and discontinuation of
negative inotropic drugs, such as nondihydropyridine
CCBs, disopyramide, and cibenzoline, should be consid-
ered. ICD: Patients with ES–HCM have a higher risk of
SCD, for whom ICD implantation should be considered.

3. Advanced HF: Heart transplantation: For patients
with HCMwho have serious symptoms (NYHA functional
classes III or IV) or recurrent fatal arrhythmia after
GDMT (regardless of LVEF level), it is recommended
to perform heart transplantation evaluation according to
the latest waiting list criteria for heart transplantation.159
Long-term prognosis for patients with HCM after
heart transplantation is similar to those without
HCM. Ventricular assist device (VAD): For some
HCM patients with end-stage HF, VAD implantation
should be considered as a transition before heart trans-
plantation to reduce deaths while waiting for heart trans-
plantation.

Treatment of arrhythmias
1. Treatment of HCM with AF: Anticoagulation therapy:
AF significantly increases the risk of stroke and periph-
eral embolism in HCM patients,83 independently of the
CHA2DS2–VASc score.160 Thus, it is recommended that
HCM patients with AF should be given anticoagulant
therapy, regardless of the CHA2DS2–VASc score, as
long as there is no contraindication. Direct-acting oral
anticoagulants (DOACs) are recommended as first-line
treatment, and oral vitamin K antagonists (warfarin) as
second-line treatment.161 Heart rate control strategy: For
HCM patients with AF who choose a heart rate control
strategy, beta blockers or nondihydropyridine CCBs are
recommended according to the patient's propensity and
comorbidities. If the ventricular rate is difficult to control
with medication, or intolerable adverse events occur,
atrioventricular node ablation may be considered.4

Rhythm control strategy: Main treatments include antiar-
rhythmic drugs (AADs), direct current cardioversion,
catheter ablation and surgical maze procedure. Conver-
sion of sinus rhythm with AADs (e.g. amiodarone) should
be considered in HCM with AF;3,4 maintenance of sinus
rhythm with amiodarone or AADs (e.g. disopyramide,
sotalol, etc.) should be considered.4 If accompanied by
hemodynamic instability or severe symptoms of angina
pectoris or HF, direct current cardioversion should be
considered to restore sinus rhythm.2–4 Catheter ablation
should be considered in patients with AF that is difficult to
control with medical therapy, or in patients with HCMwho
are intolerant of (or contraindicated to) or refuse medical
therapy.162 The surgical maze procedure is an effective
treatment for AF, and concurrent surgical maze surgery
should be considered for HCM patients undergoing
SSM.163

2. Ventricular arrhythmias: Medication: As first-line choice,
a beta blocker is recommended.1–4 If symptomatic ven-
tricular arrhythmia persists despite beta blockers, or re-
current discharges occur after ICD implantation, it is
recommended to be combined with AADs, including amio-
darone, or sotalol, dofetilide, mexiletine, etc.164 Nondrug
therapy: Implantation of an ICD is recommended for the
prevention of SCD due to fatal cardiac arrhythmias. After
ICD implantation, it is necessary to optimize drug therapy
and pacemaker programming to reduce the risk of appro-
priate or inappropriate discharges. Catheter ablation
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should be considered in case of recurrent episodes of
symptomatic, sustained, monomorphic ventricular tachy-
cardia (VT) of focal origin. Heart transplantation: For
patients with HCM who have recurrent fatal arrhythmia,
it is recommended to perform heart transplantation evalu-
ation according to the latest waiting list criteria for
heart transplantation.

The flow chart for treatment of patients with HCM is shown
in Fig. 3.
Fig. 3
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 (class I)

CB, calcicum channel blocker; CRT, cardiac resynchronization
ardiomyopathy; HFpEF, heart failure with preserved ejection fraction;
fraction; NYHA, New York Heart Association).
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 on 06/05/2024
Risk factors for sudden cardiac death in adult
patients with hypertrophic cardiomyopathy
Risk factors for SCD in adult patients with HCM include:
Previous documented cardiac arrest or hemodynamic
instability due to sustained VT (duration >30 s); family
history of early-onset SCD associated with HCM, including
SCD, cardiac arrest, or sustained arrhythmia in at least
one first-degree relative aged �50years, definitely or
probably caused by HCM; recent (within 6months) unex-
plained syncope, which is considered to be possibly
caused by arrhythmia (judged by history unlikely to be
of vasovagal etiology); extreme left ventricular hypertro-
phy (maximal left ventricular wall thickness � 30mm);
LVAA; ES–HCM; NSVT on ambulatory ECG; extensive
myocardial fibrosis (�15% left ventricular mass) on
CMR.1–4 Of note, studies on LVAA in patients with
HCM were retrospective and the absolute number of
events was too small to assess the independent predictive
value of LVAA in HCM. Thus, individualized ICD decisions
should be based using well established risk factors and not
solely on the presence of an LVAA.122

Prediction models for sudden cardiac death in adult
hypertrophic cardiomyopathy patients
At present, themost widely used predictionmodel for the 5-
year risk of SCD in adult HCM patients is the HCM Risk–
SCDmodel,165 which is recommended bymany guidelines
or consensus for the risk prediction of SCD in adult HCM
patients. This prediction model defines the risk to be high if
the5-yearSCDrisk is�6%,moderate if the5-yearSCDrisk
is �4% but <6%, and low if the 5-year SCD risk is <4%.
However, the model is only suitable for adult HCM patients
aged�16years with no previous history of cardiac arrest or
sustained arrhythmia, and this model cannot be used in
athletes or in individualswithmetabolic/infiltrativediseases;
this model did not use exercise-induced LVOT gradients;
there is also the possibility of underestimation of risk for
HCM patients with maximal ventricular wall thickness of
�35mm; and the model did not include new SCD risk
factors, such as ES–HCM, LVAA, and LGE on CMR. In
addition, this model has not been validated after SSM.166

Enhanced ACC/AHA strategy for prevention of SCD in
HCM patients. The strategy includes seven major risk
factors for SCD in adult HCM patients, including family
history of early-onset SCD, recent unexplained syncope,
LVH (especially maximal left ventricular wall thickness of
�30mm), NSVT, LVEF <50%, LVAA, and myocardial
fibrosis with diffuse and extensive distribution detected
by CMR.167 Of note, LVAA should be considered along
with other validated tools for stratifying the risk of arrhyth-
mic death among patients with HCM. According to the
above risk factors, study participants are divided into high-
risk population and low-risk population.
Risk factors and prediction models for sudden
cardiac death in children (<18years of age) with
hypertrophic cardiomyopathy patients
1. Risk factors: Main risk factors related to SCD in children
with HCM included1–4: a family history of early-onset SCD
associated with HCM; a personal history of unexplained
syncope; extreme left ventricular hypertrophy (maximal
wall thickness �30mm or z-value >6); and NSVT on
ambulatory ECG monitoring. There are few studies in
children with risk factors such as LVAA, ES–HCM, and
extensive myocardial fibrosis detected by CMR, and thus,
the predictive value of these markers is uncertain.

2. Prediction model: Currently, there are two prediction
models for SCD in pediatric patients with HCM: the HCM
Risk–kids prediction model proposed by European scho-
lars168 and the PRIMACY prediction model proposed by
American scholars.169 However, the predictive value of
both prediction models needs more external validation.

Prevention of sudden cardiac death
For HCM patients (including adult and pediatric patients)
who have previous documented cardiac arrest or
hemodynamic instability due to sustained VT, it is recom-
mended to perform ICD implantation for secondary pre-
vention.

1. For adult HCM patients with at least one risk factor or
assessed at high risk (�6%) using the SCD risk prediction
model, ICD implantation should be considered for primary
prevention. In the absence of such risk factors, ICD im-
plantation for primary preventionmayalsobe considered if
NSVT is found on ambulatory ECG, extensive myocardial
fibrosis is indicated onCMR, ormoderate risk (�4%,<6%)
is indicated by the SCD risk prediction model. For adult
HCM patients without the above risk factors, ICD implan-
tation is not recommended (Fig. 4).

2. For pediatric HCM patients with at least one of the risk
factors or assessed as being at high risk using the SCD
risk prediction model, ICD implantation should be consid-
ered for primary prevention. In the absence of these risk
factors, ICD implantation for primary prevention may also
be considered if the LVEF is<50%, extensive myocardial
fibrosis is indicated on CMR, or moderate risk is indicated
using the SCD risk prediction model. For HCM patients
without the above risk factors, ICD implantation is not
recommended (Fig. 4).

Both for adult and pediatric HCM patients, the choice
between these options is recommended by a shared
decision-making approach after a comprehensive shared
discussion with patients and their relatives on the benefits
and risks of each option.170
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HCM patients

Adult HCM patients

ICD implantation is recommended
for secondary prevention

(class I)

ICD implantation should be
considered for primary prevention

(class IIa)

ICD implantation may be considered
 for primary prevention

(class IIb)

ICD is not indicated
 (class III)

Extensive myocadial fibrosis
 revealed in cardiac magnetic

resonance

Extensive myocadial fibrosis
 revealed in cardiac magnetic

resonance

High-risk in risk prediction model of
5-years SCD

in child HCM patients

Moderate-risk in risk prediction
model of 5-years SCD
in child HCM patients

Without such risk factors
low-risk in risk prediction model of

 5-years SCD

Non-sustained ventricular
tachycardia

detected on Holter test

Left ventricular systolic
dysfunction (LVEF < 50%)

Moderate-risk in risk prediction
model of 5-years SCD
in adult HCM patients

High-risk in risk prediction model of
5-years SCD

in adult HCM patients

At least one of the following risk
factors:

At least one of the following risk
factors:

1. Family unexplained synocope
with HCM
2. Recent unexplained synocope
3. Extreme left ventricular
hypertrophy
Left apical ventricular aneurysm
5. End-stage HCM (LVEF < 50%) 

1. Family history of early-onset SCD
with HCM
2. Recent unexplained synocope
3. Extreme left ventricular
hypertrophy
4. Non-sustained ventricular
tachycardia 

Pediatric HCM patients

Previous documented sudden
cardiac arrest or sustained

arrhythmia resulting in
hemodynamic instability

Flow chart for selection of ICD implantation population in patients with hypertrophic cardiomyopathy (HCM, hypertrophic cardiomyopathy; ICD,
implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction; SCD, sudden cardiac death).
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Management of special population
Hypertrophic cardiomyopathy and pregnancy
1. Prepregnancy and prenatal assessment and counsel-
ing: Pregnancy increases plasma volume and cardiac
output, decreases systemic vascular resistance, and
hypercoagulable state, which may increase the risk of
HCM in pregnancy, especially in patients with LVOTO
and abnormal left ventricular diastolic function showing
poor tolerance to volume load. Therefore, women HCM
should undergo comprehensive prepregnancy and prena-
tal risk assessment and counseling.171 Echocardiography
is the first-line choice to assess cardiac function, MR and
LVOTO. Cardiac events occur mainly in women with
symptoms before pregnancy or previous cardiac events;
thus, active measures should be taken to improve symp-
toms before pregnancy for these women.
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 on 06/05/2024
2. Management during pregnancy: Pregnancy monitoring
and assessment: For female patients with HCM, pregnan-
cy monitoring and assessment focus on symptoms, cardi-
ac function, LVOTO as well as arrhythmias. Drug
treatment during pregnancy: For medication during preg-
nancy, it is required to take into account the needs of
pregnant women and possible effects of drugs on the
fetus. Beta blockers: Use of most beta blockers (in-
cluding metoprolol, bisoprolol, labetalol, propranolol) are
safe during pregnancy, but atenolol with potential fetal risk
is not recommended. For the use of beta blockers during
pregnancy, close monitoring of fetal growth and fetal heart
rate is required. Nondihydropyridine CCBs and diso-
pyramide: Avoid use during pregnancy. AADs: Most
AADs have potential teratogenic effects and are contra-
indicated during pregnancy. Amiodarone has the risks of
causing fetal thyrotoxicosis, growth retardation and bra-
dycardia, and should be avoided during pregnancy.
Anticoagulation therapy: For female HCM patients with AF
or other anticoagulation indications, low-molecular-weight
heparin can be used for anticoagulation in the first trimes-
ter (the first 3months) and after gestational week 36, or
low-dose warfarin (<5mg/day) can be used for anticoa-
gulation in the second and third trimesters. At present, the
safety data on the use of DOACs during pregnancy are
limited, so their use is not recommended.

Hypertrophic cardiomyopathy and exercises
Because patients with HCM, especially those with obstruc-
tive HCM, are at risk for exercise-induced SCD, HCM
patients need to be assessed for potential SCD risk before
participating in competitive sports, and a decision should
be made after weighing up the pros and cons.172 Patients
with clinically diagnosed HCM are not recommended to
participate in moderate- or vigorous-intensity competitive
sports, stimulating recreational activities, and vigorous-
intensity physical activity, especially for those with ob-
structive HCM.1–4,170 For (GþP�) individuals, participa-
tion in physical activity is usually not restricted because of
low SCD risk, unless family history suggests high SCD
risk. However, the type of exercise needs to be considered
and decided jointly with the patient and family, and the
safety of participating in physical activity is assessed every
1–2 years.3,172

Natural course and prognosis
HCM is a highly heterogeneous cardiac disease that is
likely to develop from infants through to the elderly. At
present, the annual mortality rate for adult patients with
HCM is 0.5–1.0%, and the main causes of death include
SCD, HF and stroke caused by atrial fibrillation.1–4,10,173

Among them, the main cause of death is SCD in younger
patients, and HCM-related HF and stroke in older patients.
Most patients with HCM require close follow-up.
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