




and, in a head to head comparison with a model using four major risk
factors, the performance of the prediction model improved substan-
tially (C-index from 0.54 to 0.7) and compared favourably with other
similar prediction algorithms such as CHA2DS2-VASc.73

The HCM Risk-SCD formula is as follows:

ProbabilitySCD at 5 years ¼ 1 – 0.998exp(Prognostic index)

where Prognostic index ¼ [0.15939858 x maximal wall thickness
(mm)] 2 [0.00294271 x maximal wall thickness2 (mm2)] +
[0.0259082 x left atrial diameter (mm)] + [0.00446131 x maximal
(rest/Valsalva) left ventricular outflow tract gradient (mm Hg)] +
[0.4583082 x family history SCD] + [0.82639195 x NSVT] +
[0.71650361 x unexplained syncope] 2 [0.01799934 x age at clinical
evaluation (years)].

N.B. In HCM Risk-SCD there was a non-linear relationship between the
risk of SCD and maximum left ventricular wall thickness.73 This is
accounted for in the risk prediction model by the inclusion of a quadratic
term for maximum left ventricular wall thickness.

9.5.3 Prevention of sudden cardiac death
9.5.3.1 Exercise restriction
Although documented exercise-induced, sustained, ventricular
arrhythmias are rare246—and most ICD therapies for ventricular
arrhythmias occur in the absence of tachycardia or physical exer-
tion387,388—patients with HCM should be advised against participa-
tion in competitive sports and discouraged from intense physical
activity, especiallywhen theyhave risk factors forSCDand/orLVOTO.

9.5.3.2 Anti-arrhythmic drugs
There are no randomized, controlled data to support the use of anti-
arrhythmics for the prevention of SCD in HCM. Amiodarone was
associated with a lower incidence of SCD in one small observational
study of patients with NSVT on Holter monitoring and in others,
increased the threshold for VF, but observational data suggest that
amiodarone often fails to prevent SCD.389,390 Disopyramide does
not appear to have a significant impact on the risk of SCD.267

9.5.3.3 Implantable cardioverter defibrillators
9.5.3.3.1 Secondary prophylaxis. Patients with HCM who survive VF
or sustained ventricular tachycardia are at very high risk of subse-
quent lethal cardiac arrhythmias and should receive an
ICD.327,367,391 – 393 In clinical practice, this population is very small
and ICD therapy rarely poses a clinical dilemma.327 There are few
data on exercise-induced ventricular arrhythmias but data from
one study suggests that it is associated with a high risk of sudden
cardiac death.246

9.5.3.3.2 Primary prophylaxis. Identification of individuals without a
history of VF, who are at high risk of SCD, remains a challenge and
only a small subgroup of individuals currently treated with an ICD
receives potentially lifesaving shocks.394 At the same time, a large
number of ICD recipients experience inappropriate shocks and
implant complications.327

In these Guidelines, it is recommended that patients undergo a standar-
dized clinical evaluation (see Web Table 5 and Figure 7) that records a pre-
defined set of prognostic variables, which are then used to estimate the
5-year risk of SCD using the HCM Risk-SCD model [a Web-based calcula-
tor is provided with these Guidelines (www.escardio.org/guidelines-surveys/
esc-guidelines/Pages/hypertrophic-cardiomyopathy.aspx)].

Recommendations on prevention of sudden cardiac
death

Avoidance of competitive sportsd is 
recommended in patients with 
HCM
ICD implantation is recommended 
in patients who have survived a 
cardiac arrest due to VT or VF, or 
who have spontaneous sustained 
VT causing syncope or 
haemodynamic compromise, and 
have a life expectancy of >1 year.
HCM Risk-SCD is recommended 
as a method of estimating risk of 
sudden death at 5 years in patients 
aged 16 years without a history of 
resuscitated VT/VF or spontaneous 
sustained VT causing syncope or 
haemodynamic compromise.
It is recommended that the 5-year 
risk of SCD be assessed at first 
evaluation and re-evaluated at 1–2
year intervals or whenever there is 
a change in clinical status.
ICD implantation should be 
considered in patients with an 
estimated 5-year risk of sudden 
death of 6% and a life expectancy 
of >1 year, following detailed 
clinical assessment that takes into 
account the lifelong risk of 
complications and the impact of an 
ICD on lifestyle, socio-economic 
status and psychological health.
ICD implantation may be 
considered in individual patients
with an estimated 5-year risk of 
SCD of between 4% and <6% and 
a life expectancy of >1 year,
following detailed clinical 
assessment that takes into account 
the lifelong risk of complications 
and the impact of an ICD on 
lifestyle, socio-economic status and
psychological health.

Recommendations Classa Levelb Ref.c

C 395

I B
327,367,
391–393

I B 73

I B 73

IIa B
73,327,
393,396

IIb B
73,327,
393,396

I

ICD implantation may be 
considered in individual patients 
with an estimated 5-year risk of 
SCD of <4% only when they have 
clinical features that are of proven 
prognostic importance, and when 
an assessment of the lifelong risk of 
complications and the impact of an 
ICD on lifestyle, socio-economic 
status and psychological health 
suggests a net benefit from ICD 
therapy.

IIb B
73,327,
393,396

ICD implantation is not 
recommended in patients with an 
estimated 5-year risk of SCD of 
<4% and no other clinical features 
that are of proven prognostic 
importance.

III B
73,327,
393,396

ICD ¼ implantable cardioverter defibrillator; VF ¼ ventricular fibrillation; VT ¼
ventricular tachycardia.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.
dESC Guidelines define competitive sport as amateur or professional engagement in
exercise training on a regular basis and participation in official competitions (see
relevant ESC Guidelines for more detail).395

The published HCM Risk-SCD dataset has been used to construct
three categories of risk (high, intermediate and low) that were
determined by consensus (Figure 7). The recommendations for
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ICD therapy in each risk category take into account not only the
absolute statistical risk, but also the age and general health of the
patient, socio-economic factors and the psychological impact of
therapy. The recommendations are meant to be sufficiently flex-
ible to account for scenarios that are not encompassed by the
HCM Risk-SCD model.

HCM Risk-SCD should not be used in patients ,16 years of age,
elite athletes or in individuals with metabolic/infiltrative diseases

(e.g. Anderson-Fabry disease) and syndromes (e.g. Noonan syndrome).
The model does not use exercise-induced LV outflow tract gradients
and has not been validated before and after myectomy or alcohol
septal ablation.

As the relationship between maximum LV wall thickness and risk is
non-linear, the calculated risk for SCD falls in patients with severe
LVH (≥35 mm). This may reflect small numbers in this category
but, as shown in the source paper, the rate of sudden deaths was

*Use absolute values for LVOT gradient, MLVWT and left atrial dimension.
**

and the impact of an ICD on lifestyle, socioeconomic status and psychological health.

ICD generally not
indicatedb

ICD may be
considered

ICD should be
considered

INTERMEDIATE
RISK

5–year risk 4-<6%

HCM Risk-SCD
Score

HCM Risk-SCD variables:
• Age
• Family history of sudden 
  cardiac death
• Unexplained syncope
• Left ventricular outflow 
  gradienta

• Maximum left ventricular
  wall thicknessa

a• Left atrial diameter
• NSVT

Recommended assessment:

History
2D/Doppler echocardiogram
48–hour ambulatory ECG

LOW RISK
5–year risk <4%

HIGH RISK
5–year risk 6%

ICD
recommended

Life expectancy >1 year

• Cardiac arrest due to
  VT or VF

• spontaneous
  sustained VT causing
  syncope or 
  haemodynamic
  compromise

PRIMARY PREVENTION SECONDARY PREVENTION

Figure 7 Flow chart for ICD implantation.
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very low in this group. This phenomenon has been seen in at least one
previous study.99

Pending further studies, HCM-RISK should be used cautiously in patients
with a maximum left ventricular wall thickness ≥35 mm.

Implantable cardioverter defibrillators are not recommended
when the estimated 5-year risk of SCD is ,4% and there are no
other clinical features that are of potential prognostic importance
(for example multiple young sudden deaths in a familyor an abnormal
exercise blood pressure response). When such features are present,
decisions on ICDs must be made on an individual basis and must
balance the likely benefit against the lifelong risk of complications
and the impact of an ICD on lifestyle, socio-economic status and psy-
chological health.

9.5.3.3.3 Practical aspects of ICD therapy. Prior to ICD implantation,
patients should be counselled on the risk of inappropriate
shocks, implant complications, and the social and occupational
implications (including driving restrictions) of an ICD. Studies
examining the role of defibrillation testing at the time of implant-
ation are continuing, but high defibrillation thresholds are reported
in patients with severe LVH and in those on amiodarone treat-
ment. 397– 400 Until data specific to HCM are available, defibrilla-
tion testing may be considered at the physician’s discretion. For
patients who have a high defibrillation threshold or who fail to car-
diovert on defibrillation testing, options include sub-pectoral im-
plantation and standard manoeuvres such as reversal of shocking
vector polarity, changing the shock tilt, including/excluding a su-
perior vena cava coil followed by re-testing and, if necessary, im-
plantation of a subcutaneous array.

The VF zone of the device should be programmed at .220/min to
minimize shocks from rapidly conducted AF. An SVT discrimination
zone, tailored to individual patient characteristics, may also be con-
sidered. Observational data show that anti-tachycardia pacing is ef-
fective in terminating ventricular arrhythmias in HCM but does not
reduce the incidence of appropriate shocks.387,401 As atrial leads
do not reduce the incidence of inappropriate shocks,327,393,396

most patients require only a single ventricular lead. Exceptions
include patients with LVOTO, in whom an atrial lead provides the
option for a short AV delay pacing, and patients in sinus rhythm
with impaired LV systolic function, in whom CRT might be preferable
(see section 9.3.1.2). In the light of results from the Multicenter Auto-
matic Defibrillator Implantation Trial—Reduce Inappropriate
Therapy (MADIT-RIT), shock-only programming can be considered
in primary prevention, although this trial was conducted in patients
with low EF.402

ß-Blockers and/or amiodarone are recommended in patients with
an ICD, who continue to have symptomatic ventricular arrhythmias
or recurrent shocks despite optimal treatment and device re-
programming.219 Electrophysical study is recommended in patients
with ICDs and inappropriate shocks due to regular supraventricular
tachycardias, in order to identify and treat any ablatable arrhythmia
substrate.403

The newly developed subcutaneous ICD lead system (S-ICDTM,
Boston Scientific) has FDA approval and may be considered in
HCM patients who have no indication for pacing.404 Particular at-
tention should be paid to ensuring optimal R-wave sensing at rest
and on exercise, in order to avoid inappropriate shocks from

T-wave oversensing. Each patient should have more than one
ECG vector that passes screening, to allow alternative program-
ming if oversensing does occur.405,406 Data from a multicentre
registry that included 58 HCM patients provided preliminary
efficacy and safety data.407

Recommendations on practical aspects of implantable
cardioverter defibrillator therapy

Recommendations Classa Levelb Ref.c

Prior to ICD implantation, patients 
should be counselled on the risk of 
inappropriate shocks, implant 
complications and the social, 
occupational, and driving 
implications of the device.

I C 219,327

ß-Blockers and/or amiodarone are 
recommended in patients with an 
ICD, who have symptomatic 
ventricular arrhythmias or 
recurrent shocks despite optimal 
treatment and device re-
programming.

I C 219,403

Electrophysiological study is 
recommended in patients with 
ICDs and inappropriate shocks due 
to regular supraventricular 
tachycardias, to identify and treat 
any ablatable arrhythmia substrate.

I C 403

A subcutaneous ICD lead system
(S-ICD™) may be considered in 
HCM patients who do not have an 
indication for pacing.

IIb C 407

HCM ¼ hypertrophic cardiomyopathy; ICD ¼ implantable cardioverter
defibrillator; S-ICDTM¼ subcutaneous ICD lead system
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

9.5.4 Risk of sudden death in children
Implantation of an ICD (epicardial if necessary) is indicated after a
life-threatening ventricular arrhythmia in children. In very young
children (,8 years old), clinical risk stratification to determine
the need for primary prophylaxis with an ICD is hampered by a
lack of data. The risk of death or heart transplantation is greatest
in infants or in patients with inherited metabolic disorders and
malformation syndromes.408 There is general agreement that, as
in adults, severe LVH, unexplained syncope, NSVT and a family
history of sudden death represent major risk factors for sudden
cardiac death.409 The definition of severe hypertrophy in infants,
children and pre-adolescents has been assessed using different
approaches and measurements.410,411 The consensus view for
these Guidelines is that a maximum left ventricular wall thickness
≥30 mm or a Z-score ≥6 is considered to be a major risk factor in
children.410

Implantation of an ICD should be considered in children who have
two or more major risk factors. Single-chamber defibrillators suffice
in the majorityof cases and reduce the likelihood of complications.412

In individual patientswith a single risk factor, ICD implantationmaybe
considered after careful consideration of the risks and benefits to the
child and family.
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Recommendations on implantation of cardioverter
defibrillators in children

Recommendations Classa Levelb Ref.c

ICD implantation is recommended 
in children who have survived a 
cardiac arrest or experienced 
documented sustained ventricular 
tachycardia.

I B 409,413,414

ICD implantation should be 
considered in children with two or 
more major paediatric risk factorsd

after appropriate counselling and 
when an assessment of the lifelong 
risk of complications and the 
impact of an ICD on lifestyle and 
psychological health suggests a net 
benefit from ICD therapy.

IIa C 377,409,414

ICD implantation may be 
considered in children with a single 
major paediatric risk factord after 
appropriate counselling and when 
an assessment of the lifelong risk of 
complications and the impact of an 
ICD on lifestyle and psychological 
health suggests a net benefit from 
ICD therapy.

IIb C 409

ICD ¼ implantable cardioverter defibrillator; HCM ¼ hypertrophic
cardiomyopathy; SCD ¼ sudden cardiac death.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.
dMajor paediatric risk factors: Maximum left ventricular wall thickness ≥30 mm or a
Z-score ≥6, unexplained syncope, non-sustained ventricular tachycardia (≥3
consecutive ventricular beats at ≥120 BPM lasting ,30 seconds), family history of
SCD (one or more first-degree relatives with SCD aged ,40 years with or without
the diagnosis of HCM, or SCD in a first-degree relative at any age with an established
diagnosis of HCM).

9.6 Symptomatic bradycardia
and atrioventricular block
Symptomatic bradycardia caused by sinus node dysfunction and
AV block is relatively uncommon in HCM and should be treated
in accordance with the current ESC Guidelines.249 The presence
of AV block should raise suspicion of particular genetic subtypes
(desmin, FHL1, PRKAG2) in younger patients or amyloidosis and
Anderson-Fabry disease in older patients (see section 5 on diagno-
sis). In contrast, chronotropic incompetence is quite common
(particularly in Anderson-Fabry disease) and is an important
cause of exercise limitation.415 If AV block is caused by AV node
blocking drugs, their dose should be adjusted and the need for
pacing re-evaluated.

The benefit of rate-responsive pacing in treating exercise intoler-
ance is uncertain. The risks of chronic RV pacing in HCM with respect
to LV systolic function are unknown, but ventricular pacing should be
minimized where possible unless treating LVOTO. CRT-P should be
considered in patients with impaired systolic function (EF
,50%).339,416

9.7 Ventricular tachycardia
Non-sustained ventricular tachycardia (defined as three or more
ventricular extrasystoles at a rate of ≥120 BPM, lasting ,30
seconds) is a common finding on ambulatory ECG monitor-
ing.69,70,417,418 Its prevalence increases with age and correlates with
LV wall thickness and the presence of late gadolinium enhancement
on CMR.69,140 Non-sustained ventricular tachycardia is a risk factor
for SCD, but does not usually require anti-arrhythmic therapy. Its oc-
currence during or immediately following exercise is very rare, but
may be associated with a high risk of SCD.246

Documented sustained monomorphic VT (≥30 seconds) is
uncommon but may be more frequent in patients with apical
LV aneurysms.256,419 Exclusion of coronary artery disease
should be considered in patients with prolonged or symptomatic
episodes and risk factors for coronary atherosclerosis. There is
no evidence that haemodynamically tolerated, sustained VT
carries a worse prognosis than NSVT but it should be consid-
ered as a risk factor for SCD. Patients with poorly tolerated
VT should be considered for ICD therapy and treatment with
ß-blockers or amiodarone, to suppress further episodes. In
patients with evidence for a focal origin, EPS and ablation may
be considered.420 – 422

10. Recommendations for routine
follow-up
In general, patients with HCM require lifelong follow-up to detect changes
in symptoms, risk of adverse events, LVOTO, LV function and cardiac
rhythm.

There are very few longitudinal data on the rates of change in
symptoms or cardiac function, but cross-sectional studies show
that the prevalence of LV systolic dysfunction and atrial arrhythmia
increases with advancing age.222,224,225,423 The frequency of moni-
toring is determined by the severity of disease, age and symptoms.
A clinical examination, including 12-lead ECG and TTE, should be
performed every 1–2 years, or sooner should patients complain
of new heart failure symptoms. Ambulatory electrocardiography
is recommended every year (or every 6 months in the presence
of left atrial dilation ≥45 mm) to detect asymptomatic atrial and
ventricular arrhythmia, and is indicated whenever patients experi-
ence syncope or palpitations.

When available, cardiopulmonary exercise testing can provide
objective evidence for worsening disease but need only be per-
formed every 2–3 years unless there is a change in symptoms.
There are few data on changes in myocardial fibrosis on CMR
during follow-up but, when available, CMR evaluation may be con-
sidered every five years or every 2–3 years in patients with pro-
gressive disease.424

A complete assessment, including ECG, TTE and ambulatory ECG
monitoring should be performed within 1–3 months and at 6–12
months following invasive septal reduction therapies.
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Recommendations on routine follow-up

Recommendations Classa Levelb Ref.c

A clinical evaluation, including 
12-lead ECG and TTE, is 
recommended every 12–24 
months in clinically stable 
patients.

I C 68,72,74,84,85

A clinical evaluation, including 
12-lead ECG and TTE, is 
recommended whenever there 
is a change in symptoms.

I C 68,72,74,84,85

48-Hour ambulatory ECG is 
recommended every 12–24 
months in clinically stable 
patients, every 6-12 months in 
patients in sinus rhythm with 
left atrial dimension 45 mm, 
and whenever patients 
complain of new palpitations.

I C 69–73

CMR may be considered every 
5 years in clinically stable 
patients, or every 2–3 years in 
patients with progressive 
disease.

IIb C 424

Symptom-limited exercise 
testing should be considered 
every 2–3 years in clinically 
stable patients, or every year 
in patients with progressive 
symptoms.

IIa C 425

Cardiopulmonary exercise 
testing (when available) may be 
considered every 2–3 years in 
clinically stable patients, or 
every year in patients with 
progressive symptoms.

IIb C 233,426

CMR ¼ cardiac magnetic resonance; ECG ¼ electrocardiogram; TTE ¼
transthoracic echocardiogram.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

11. Reproduction and contraception

11.1 Introduction
Pregnancy is associated with many physiological changes, including a
40–50% increase in plasma volume and cardiac output, a reduction in
systemic vascular resistance and a hypercoagulable state. Whilst
most women with HCM have uncomplicated pregnancies, these
physiological changes are associated with increased risk for mother
and foetus, as the volume load can be poorly tolerated in the
setting of LVOTO and diastolic dysfunction. Adequate and timely coun-
selling on contraception, the risks associated with pregnancy, and the risk of
disease transmission to the foetus is important in all women with
HCM.427,428

11.2 Contraception and termination
of pregnancy
When a girl with HCM reaches fertility, she should be counselled to
use safe and effective contraception, since unplanned pregnancy
carries an increased risk.427 Barrier methods (condoms, diaphragms,
pelvic ring) are safe but not as effective as oral contraceptives, even
when combined with spermicides (failure rate at 1 year 15–30%).

Low dose oral contraceptives with 20 mg or 30 mg ethinyl-oestradiol
are effective (though less so in adolescents) and can be safely used in
most women with HCM, except for those with increased thrombo-
embolic risk (e.g. women with heart failure or AF), unless they are
using adequate oral anticoagulation therapy. Oral contraceptives
are inadvisable in any women who smoke and are older than 35
yearsor whohave ahistoryof venous thromboembolism. Emergency
contraception is safe for women with HCM.427,429 Progesterone-
only contraceptives are a safe alternative but the effectiveness of
the progesterone-only pill (desogestrel) depends on compliance
(daily intake with ,12 hours of variation). Other progesterone-only
contraceptives can be used, including 3-monthly injections with
medroxyprogesterone acetate or dermal progesterone implants,
but should be used cautiously in women with diastolic or systolic
heart failurebecauseof the riskof fluid retention.The levonorgestrel-
releasing intra-uterine device (IUD) is a safe and effective alternative.
Progesterone-only methods are not always tolerated because of ir-
regular blood loss. A copper IUD may be used but is less effective
and is associated with an increase in monthly blood loss. Antibiotic
prophylaxis at the time of IUD insertion is not necessary, but vaso-
vagal reactions can occur during implantation and, in women with
severe LVOTO, it should therefore be implanted after cardiology
consultation and in a hospital setting.

Sterilization can be safely accomplished by tubal ligation, although
the risks of anaesthesia and abdominal inflation should be considered.
Hysteroscopic sterilization with an EssureTM device (Bayer) is an al-
ternative but can also be associated with vasovagal reactions.427,429

Termination of pregnancy should be performed in-hospital after
consultation with a cardiologist. Dilation and evacuation are usually
safe; as prostaglandin E1 or E2 can lower systemic vascular resistance
and increaseheart rate, haemodynamic monitoring is indicated. Pros-
taglandin F increases pulmonary artery pressure and should be
avoided.427

11.3 Infertility treatment
In vitro fertilization can be associated with fluid retention and with ar-
terial and venous thromboembolism. It is probably safe in low-risk
HCM patients, but should be avoided in patients with heart failure
or AF and in women with severe hypertrophy and restrictive LV
filling pattern.427 When pre-implantation genetic diagnosis (see
section 6) is an issue, the risk of in vitro fertilization should be taken
into account.

11. 4 Pre-conception counselling
Most women with HCM tolerate pregnancy well. The hypertrophied
small left ventricle can, in most cases, accommodate the physiological
increase in blood volume without undue rise in filling pressures.
The few reported cases of maternal death have occurred mostly in
women who were known to be at very high risk.430 – 432 Deterior-
ation during pregnancy most often occurs in women who are symp-
tomatic before pregnancy.431,433,434 The prevalence of heart failure
during pregnancy differs between studies but it is probably
more likely in women who had impaired LV function before
pregnancy.431 –433,435 Left ventricular outflow tract gradients tend
to increase slightly during pregnancy and high pre-pregnancy
LVOT gradients have been reported to be associated with more
pregnancy complications.430– 432,434,436 Women with arrhythmias
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pre-pregnancy are more likely to experience recurrence in preg-
nancy,430,436 but pregnancy per se does not seem to substantially in-
crease the risk of arrhythmia.430,432,433,436

Ideally, risk assessment should be performed before conception,
using the modified World Health Organization (WHO) classifica-
tion.427 Most HCM patients are WHO Class II or III (Table 8).427 Jus-
tification for advising against pregnancy (WHO Class IV) is present in
a small minority with significant LV dysfunction or severe symptom-
atic LVOTO. Pregnancy may be possible after relief of LVOTO.

Echocardiography should be performed to evaluate ventricular
function, mitral regurgitation and LVOTO. Exercise testing (prefer-
ably pre-pregnancy or, in asymptomatic pregnant women, to 80%
of predicted maximal heart rate) is an important tool to assess func-
tional capacity, heart rate response and arrhythmias.427,437 A plan for
use of medication and follow-up during pregnancy should be made
and discussed with the patient and her partner before conception.427

Genetic counselling is recommended in all women with HCM (see
section 6).

11.5 Management of pregnancy
and delivery
Women in WHO Class II should be assessed each trimester. Women
in WHO Class III should be followedmonthlyor bimonthly, in specia-
lized centres, by a multidisciplinary team.427 The focus should be on
symptomatic status, LV outflow obstruction, arrhythmias and ven-
tricular function. Echocardiography should be performed each tri-
mester or when new symptoms occur.

Recommendations for drug use during pregnancy and breastfeed-
ing are summarized in Web Table 6.427 When medication is pre-
scribed, possible harmful effects to the foetus need to be
considered. However, both doctor and patient should realise that
withholding medication from the mother may seriously threaten
her health and therefore also the foetus (e.g. treatment of serious
ventricular arrhythmias and anticoagulation therapy for AF). Ultim-
ately, the interests of the mother should prevail.

b-Blockers should be continued if already used before pregnancy
(though re-evaluation of the need for their use is recommended) and
side-effects such as growth retardation, neonatal bradycardia or
hypoglycaemia are usually not severe and can be easily managed.

b-Blockers should be started when new symptoms occur.427,434

Metoprolol is the most widely used; atenolol is not advised
because it has been associated with more growth retardation. When-
ever ß-blockers are prescribed, monitoring of foetal growth and of the
condition of the neonate is recommended.

Verapamil and diltiazem are classified by the FDA as class C,
meaning that their potential benefits may warrant their use in preg-
nant women despite potential risks.

Disopyramide should only be used when potential benefits outweigh
risks, since it can cause uterine contractions.438

Amiodarone should only be used when absolutely necessary,
because of risk of the foetal thyroid toxicity, growth retardation,
and neurological adverse effects.427,439,440

Poorly tolerated AF can be safely cardioverted during pregnancy.
Since a few cases of foetal distress immediately following electrical
cardioversion have been described, this procedure should be
carried out with facilities available for cardiac monitoring and emer-
gency caesarean section.441 Therapeutic anticoagulation with low
molecular weight heparin with anti-factor-Xa monitoring (peak
anti-Xa level 0.8–1.2 U/mL 4–6 hours post-dose) in the first trimes-
ter and from the 36th week onwards—or VKAs in the second and
third trimester—is recommended for paroxysmal or persistent
AF.427 New oral anticoagulants (e.g. dabigatran, rivaroxaban) are
not advised because of proven toxicity in animals and insufficient
data in humans. When indicated, pacemaker or ICD implantation
during pregnancy should be performed, if possible with echocardio-
graphic guidance.

A delivery plan should be made at the end of the second trimester
by the multidisciplinary team. Planned vaginal delivery is generally
preferred although asymptomatic women with mild disease may go
into spontaneous labour. Caesarean section is mainly performed
for obstetric indications but should be considered in patients with
severe LVOTO, pre-term labour while on OAC, or severe heart
failure. Epidural and spinal anaesthesia are beneficial for reduction
of pain and stress but must be applied judiciously to avoid vasodilation
and hypotension, especially when LVOTO is severe. Single-shot
spinal anaesthesia should be avoided.427,442 During delivery, moni-
toring of heart rate and rhythm should be considered in patients
with a high risk of developing arrhythmias.434 Oxytocin should only
be given as a slow infusion, to avoid hypotension and tachycardia.

Table 8 Modified WHO classification of maternal cardiovascular risk: principles and application

Risk class Risk of pregnancy Application to HCM

I No detectable increased risk of maternal mortality and no/mild 
risk of morbidity

-

II Small increased risk of maternal mortality or moderate increase 
in morbidity

Most women with HCM:
mild to moderate LVOTO; asymptomatic with or without 
medication, well-controlled arrhythmia, normal systolic LV function 
or mild LV dysfunction

III
morbidity

Severe LVOTO, symptoms or arrhythmias despite optimal 
medication, moderate systolic LV dysfunction

IV Extremely high risk of maternal mortality or severe morbidity; 
pregnancy contraindicated

Severe systolic LV dysfunction, severe symptomatic LVOTO

HCM ¼ hypertrophic cardiomyopathy; LV ¼ left ventricle; LVOTO ¼ left ventricular outflow tract obstruction; WHO ¼World Health Organization.
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Because of increased risk of pulmonary oedema due to fluid shifts
post-delivery, clinical observation should be continued for 24–48
hours.427 There is no need to deactivate an ICD during vaginal
delivery.

Recommendations on reproductive issues in women
with hypertrophic cardiomyopathy

Recommendations Classa Levelb Ref.c

Pre-pregnancy risk 
assessment and counselling is 
indicated in all women.

I C 427,428

Counselling on safe and 
effective contraception is 
indicated in all women of 
fertile age.

I C 427,429

Counselling on the risk of 
disease transmission is 
recommended for all men and 
women before conception.

I C 427

β-Blockers (preferably 
metoprolol) should be 
continued in women who 
used them before pregnancy.

IIa C 427,434

β-Blockers (preferably 
metoprolol) should be started 
in women who develop 
symptoms during pregnancy.

I C 427,434

Whenever β-blockers are 
prescribed, monitoring of 
foetal growth and of the 
condition of the neonate is 
recommended.

I C 427,434

Scheduled (induced) vaginal 
delivery is recommended as 
first choice in most patients

I C 427

Therapeutic anticoagulation 
with LMWH or vitamin K 
antagonists depending on the 
stage of pregnancyd is 
recommended for atrial 
fibrillation.

I C 427

Cardioversion should be 
considered for persistent 
atrial fibrillation.

IIa C 441

LMWH ¼ low molecular weight heparin.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.
dSee text for details

12. Special issues

12.1 Diagnosis of hypertrophic
cardiomyopathy in athletes
Physiological adaptation to regular intense physical training is asso-
ciated with ECG manifestations that reflect increased vagal tone,
enlarged cardiac chamber size and an increase in LV wall thickness
and mass.443 The ability to reliably differentiate between HCM and
this normal training effect is important, as an incorrect diagnosis
has far-reaching implications for individual athletes and their families,

as well as for sporting organizations and society as a whole. Several
clinical features that distinguish physiological from pathological
hypertrophy have been described,444,445 but dilemmas can arise in
individuals with borderline or mild LVH.446 In the absence of a vali-
dated ‘gold standard’, the diagnosis of HCM in an athlete requires in-
tegration of a number of different parameters of varying sensitivity
and specificity. Web Table 7 summarizes the features that assist in dif-
ferenting between HCM and physiological LV hypertrophy caused by
physical training, and that are best supported by published
data.59,445 –460

12.2 Hypertension
In clinical practice, it can be a challenge to makea differential diagnosis
between hypertensive heart disease on the one hand and HCM asso-
ciated with systemic hypertension on the other. Regression of LVH
with treatment of hypertension argues against the diagnosis of
HCM, but the reverse is not necessarily true.461 – 466 Clinical features
that suggest a diagnosis of HCM in a patient with hypertension are
summarized in Table 9.

12.2.1 Imaging
Increased LV mass, determined by echocardiography, is present in
.30% of hypertensive patients.467 The degree of hypertrophy is
influenced by ethnicity, neurohumoral factors, and genetic var-
iants.468– 470 In general, maximal LV wall thickness is greater in patients
with unequivocal HCM, but there is overlap between the two condi-
tions.471–473 The majority of patients with hypertensive LVH have a
maximal interventricular septal thickness ,15mm,474–477 but in
black patients (particularly in the presence of chronic kidney
disease) maximal interventricular septal thickness is not uncommonly
between 15 and 20 mm.478 Late gadolinium enhancement is reported
in the mid-myocardium and epicardium in both hypertension and
HCM,136 but tends to be located in the segment with the greatest
wall thickness and at the RV insertion points in HCM.136 Similarly,
while diastolic abnormalities and LA dilation are seen in HCM
and hypertension, severe diastolic dysfunction is more typical of
HCM. Doppler myocardial imaging and strain imaging may help to dis-
tinguish the two entities.479,480 Resting or exercise-induced LVOTO
can be observed in hypertension and does not constitute a diagnostic
criterion.481,482

12.2.2 Electrocardiogram
On the 12-lead ECG, LVH by voltage criteria is seen in 10–20% of
hypertensive patients with LVH, but—at least in Caucasians—
marked repolarisation abnormalities, conduction abnormalities and
Q-waves are unusual.68,467,483,484 Atrial fibrillation is common in
both conditions, affecting approximately one-third of patients. Pre-
mature ventricular complexes and NSVT are reported in up to
30% of patients with hypertension complicated by LVH.485 –487

12.3 Isolated basal septal hypertrophy
(sigmoid septum) in elderly people
Some elderly people have mild basal septal hypertrophy (sometimes
referred to as a sigmoid septum or septal bulge) associated with
increased angulation between the aorta and LV cavity. Many have a
history of hypertension and some have calcification of the mitral
valve annulus. The limited data suggest that individuals with this
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pattern of ventricular remodelling are less likely to have familial
disease or a mutation in a cardiac sarcomeric protein gene.488 Import-
antly, due to provocable LVOTO, some patients with basal septal hyper-
trophy experience symptoms on exertion and should be assessed using
physiological provocation and stress echocardiography in the same way
as patients with unequivocal HCM.489,490 Advice on family screening
in this group is challenging, but should be guided by the implications
for family members and the presence of suspicious symptoms in
relatives.

12.4 Diagnosis and management of valve
disease in patients with hypertrophic
cardiomyopathy
12.4.1 Aortic valve disease
In the absence of a family history of HCM or a known history of HCM
before the development of significant aortic valve disease, the differ-
ential diagnosis between, on the one hand, valvular aortic stenosis
with severe LVH and, on the other, HCM associated with degenera-
tive aortic valve disease can be challenging, particularly in the elderly
with hypertension. In general, the pattern and severity of LV remod-
elling in aortic stenosis correlates modestly with the severity of valve
narrowing. Between 20% and 30% havean asymmetric patternof wall
thickening, although the severity of hypertrophy is usually relatively
mild (wall thickness ≤15 mm).491,492 Left ventricular wall thickness
≥15 mm has been reported in older hypertensive patients in small
cohorts, who were examined using CMR.450 Systolic anterior
motion and dynamic LVOTO is reported in patients with aortic sten-
osis and complicates accurate measurement of the valve gradient.
The treatment of aortic stenosis should be in line with current
ESC Guidelines.493 In patients with aortic stenosis and in whom
dynamic obstruction is not demonstrated pre-operatively, septal
myectomy is controversial and not recommended for routine use.494

Up to one-third of patients with HCM have mild AR, probably
caused by sub-aortic obstruction and high-velocity flow in the LV
outflow tract.495,496 Moderate-to-severe AR is much less common
and is usually caused by primary disease of the aortic valve leaflets

or aortic root and infective endocarditis;497 when present in a
patient with LVOTO, a non-SAM-related mechanism for obstruc-
tion, such as a sub-aortic membrane, should be excluded. Aortic re-
gurgitation may also occur following septal myectomy, particularly in
children and young adults.498,499 The severity of AR should be
assessed in accordance with ESC guidelines by evaluating the
anatomy of the valve, the size of the aortic root and of the ascending
aorta, and other qualitative, semi-quantitative and quantitative para-
meters.500 The size of the LV cavity is an unreliable marker of the
severity of AR in HCM.

12.4.2 Mitral valve disease
Mitral valve abnormalities secondary to LVOTO are discussed in
section 9.1.3. The assessment of intrinsic mitral valve abnormalities
can be challenging in the presence of LVOTO that, in itself, causes
mitral regurgitation. The usual integrative approach to the assess-
ment of mitral regurgitation, as recommended in the ESC/European
Association for Cardio-Thoracic Surgery (EACTS) Guidelines on the
management of valvular heart disease,493 has some limitations in
HCM because the LV cavity is often small, even in the presence of
severe mitral regurgitation, and conventional quantitative and semi-
quantitative Doppler parameters are not validated in patients with
LVOTO. In general, qualitative measures of valve anatomy—continu-
ous wave and colour Doppler, combined with left atrial size and es-
timationof pulmonaryartery pressure—are morehelpful. In selected
cases, TOE may be helpful in defining the mechanism and severity of
mitral valve regurgitation.

12.4.3 Endocarditis prophylaxis
Infective endocarditis in HCM is virtually confined to patients with LV
outflow obstruction, particularly in those with LA dilation.501 The in-
cidence of endocarditis in patients with LVOTO was 3.8 per 1000
person-years and the probability of endocarditis 4.3% at 10 years
of follow-up in a large cohort study.501 Endocardial lesions most
commonly occur on the thickened anterior mitral leaflet or adjacent
surface of the proximal ventricular septum.497,502 As in patients

Table 9 Clinical features that assist in the differential diagnosis of hypertensive heart disease and hypertrophic
cardiomyopathy

Clinical features favouring hypertension only

Normal 12 lead ECG or isolated increased voltage without repolarisation abnormality

Regression of LVH over 6–12 months tight systolic blood pressure control (<130 mm Hg)466

Clinical features favouring hypertrophic cardiomyopathy

Family history of HCM

Right ventricular hypertrophy

Late gadolinium enhancement at the RV insertion points or localized to segments of maximum LV thickening on CMR 

Maximum LV wall thickness ≥15 mm (Caucasian); ≥20 mm (black)

Severe diastolic dysfunction

Marked repolarisation abnormalities, conduction disease or Q-waves on 12 lead ECG

ECG ¼ electrocardiogram; CMR ¼ cardiacmagnetic resonance imaging; HCM ¼ hypertrophic cardiomyopathy; LV ¼ left ventricle; LVH ¼ left ventricular hypertrophy; RV ¼ right
ventricle.
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with valve disease, good oral hygiene should be encouraged, but
routine antibiotic prophylaxis is not recommended in patients
with LV outflow tract gradients.503 Antibiotic prophylaxis should
be considered for high-risk procedures in patients with prosthetic
heart valves or prosthetic material used for valve repair, previous
endocarditis or congenital heart disease, in accordance with the
ESC/EACTS Guidelines on the management of valvular heart
disease.493,503

13. Living with cardiomyopathy:
advice to patients
Most people with HCM lead normal and productive lives, but a
small number experience significant symptoms and are at risk of
disease-related complications. Irrespective of the severity of their

disease, it is important that individuals receive support and accurate
advice from family practitioners and other healthcare professionals,
and that they are encouraged to understand and manage the
disease themselves. Table 10 summarizes some of the key issues
that should be discussed with patients, relatives and carers. When ap-
propriate (for example, when considering pregnancy), patients
should be referred to other specialist services.

14. Appendix
ESC National Cardiac Societies actively involved in the review
process of the 2014 ESC Guidelines on diagnosis and management
of hypertrophic cardiomyopathy.

Austria: Austrian Society of Cardiology, Matthias Frick;
Azerbaijan: Azerbaijan Society of Cardiology, Farid Aliyev;
Belarus: Belorussian Scientific Society of Cardiologists, Svetlana

Table 10 General lifestyle considerations for patients with hypertrophic cardiomyopathy

Topic General guidance

Exercise • Patients with HCM should avoid competitive sports activities, but should maintain a healthy lifestyle
• Advice on recreational activities should be tailored to symptoms and the risk of disease-related complications including sudden cardiac  
 death

Diet, alcohol and 
weight

• Patients should be encouraged to maintain a healthy body mass index
• Large meals can precipitate chest pain, particularly in patients with LVOTO. Smaller, more frequent meals may be helpful
• Avoid dehydration and excess alcohol, particularly in patients with LVOTO
• Constipation is a frequent side-effect of verapamil/disopyramide and should be managed with diet and if necessary aperients

Smoking • There are no data that show an interaction between tobacco smoking and HCM, but patients should be 
  provided with general advice on the health risks associated with smoking and, when available, information on 
  smoking cessation

Sexual activity • Patients should be given the opportunity to discuss their concerns about sexual activity. Anxiety and depression following a diagnosis are 
 frequent and some patients may express guilt or fear about their genetic diagnosis and the risk of transmission to offspring
• Patients should be counselled on the potential effect of their medication on sexual performance
• In general, patients should avoid PDE5 inhibitors, particularly when they have LVOTO 
 

Medication • Patients should be provided with information about their medication, including potential side-effects and interactions with prescribed 
 medications, over-the-counter remedies and other complementary therapies
• Where possible, peripheral vasodilators should be avoided in patients, particularly when they have LVOTO

Vaccination • In the absence of contraindications,

Driving • Most patients should be eligible for an ordinary driving licence and can continue driving unless they experience distracting or disabling 
 symptoms
• Advice on driving licences for heavy goods or passenger-carrying vehicles should be in line with local legislation
• For further advice on driving with ICD see EHRA guidance504 and local rules

Occupation • Most people with HCM will be able to continue in their normal job. The implications of heavy manual jobs that involve strenuous activity 
 should be discussed with the appropriate specialist
• For some occupations such as pilots, and military and emergency services, there are strict guidelines on eligibility 
• ld be included in the counselling of relatives before clinical or genetic 
 screening

Holidays and travel 
insurance  disease505

• Insurance companies may charge more for travel insurance. In some countries, patient support organizations can provide further advice 
 about obtaining reasonable insurance

Life insurance • The diagnosis of HCM will r
 different countries should be provided to patients at diagnosis

Pregnancy and 
childbirth

• See Reproduction and contraception (section 11)

Education/schooling • Teachers and other carers should be provided with advice and written information relevant to the care of children with HCM
• In the absence of symptoms and risk factors, children should be allowed to perform low to moderate level aerobic physical activity, in 
 accordance with advice from their cardiologist
• Pr

ICD ¼ implantable cardioverter defibrillator; EHRA ¼ European Heart Rhythm Association; HCM ¼ hypertrophic cardiomyopathy; LVOTO ¼ left ventricular outflow tract
obstruction; PDE5 ¼ phosphodiesterase 5.
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Komissarova; Belgium: Belgian Society of Cardiology, Georges
Mairesse; Bosnia and Herzegovina: Association of Cardiologists
of Bosnia & Herzegovina, Elnur Smajić; Bulgaria: Bulgarian Society
of Cardiology, Vasil Velchev; Cyprus: Cyprus Society of Cardiology,
Loizos Antoniades; Czech Republic: Czech Society of Cardiology,
Ales Linhart; Denmark: Danish Society of Cardiology, Henning
Bundgaard; Finland: Finnish Cardiac Society, Tiina Heliö; France:
French Society of Cardiology, Antoine Leenhardt; Germany:
German Cardiac Society, Hugo A. Katus; Greece: Hellenic Cardio-
logical Society, George Efthymiadis; Hungary: Hungarian Society of
Cardiology, Róbert Sepp; Iceland: Icelandic Society of Cardiology,
Gunnar Thor Gunnarsson; Israel: Israel Heart Society, Shemy
Carasso; Kyrgyzstan: Kyrgyz Society of Cardiology, Alina Kerimku-
lova; Latvia: Latvian Society of Cardiology, Ginta Kamzola;
Lebanon: Lebanese Society of Cardiology, Hady Skouri; Libya:
Libyan Cardiac Society, Ghada Eldirsi; Lithuania: Lithuanian

Society of Cardiology, Ausra Kavoliuniene; Malta: Maltese Cardiac
Society, Tiziana Felice; Netherlands: Netherlands Society of Cardi-
ology, Michelle Michels; Norway: Norwegian Society of Cardiology,
Kristina Hermann Haugaa; Poland: Polish Cardiac Society, Radosław
Lenarczyk; Portugal: Portuguese Society of Cardiology, Dulce
Brito; Romania: Romanian Society of Cardiology, Eduard Apetrei;
Russia: Russian Society of Cardiology, Leo Bokheria; Serbia: Cardi-
ology Society of Serbia, Dragan Lovic; Slovakia: Slovak Society of
Cardiology, Robert Hatala; Spain: Spanish Society of Cardiology,
Pablo Garcia Pavı́a; Sweden: Swedish Society of Cardiology, Maria
Eriksson; Switzerland: Swiss Society of Cardiology, Stéphane
Noble; TheFormer YugoslavRepublicofMacedonia:Macedo-
nian FYR Society of Cardiology, Elizabeta Srbinovska; Turkey:
Turkish Society of Cardiology, Murat Özdemir; Ukraine: Ukrainian
Association of Cardiology, Elena Nesukay; United Kingdom:
British Cardiovascular Society, Neha Sekhri.
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