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Cardiomyopathy : Definition

e “A myocardial disorder in which the heart muscle is
structurally and functionally abnormal, in the absence of
coronary artery disease, hypertension, valvular disease
and congenital heart disease sufficient to cause the
observed myocardial abnormality.”
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HCM: Diagnostic criteria

Increased left ventricular wall thickness not solely explained by abnormal
loading conditions

ADULTS:

e LV wall thickness 215 mm in one or more LV myocardial segments measured by any
imaging technigue (echocardiography, cardiac magnetic resonance imaging (CMR) or
computed tomography (CT) that is not explained solely by loading conditions.

CHILDREN:

oLV wall thickness more than two standard deviations above the predicted mean (z-
score >2, where a z-score is defined as the number of standard deviations from the
population mean)

RELATIVES (adults):

e Unexplained increased LV wall thickness 213 mm in one or more LV myocardial
segments measured by any imaging technique
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Management of HCM

Initial assessment Therapeutics

Positive / differential diagnosis Sport activity, life style

Diagnosis of aetiology TTT of symptoms

Investigation of symptoms SCD prevention

TTT of complications

Genetic counselling and testing
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L Risk stratification

[ Reproduction, maternal risk
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AETIOLOGY
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HCM: Aetiological heterogeneity

Other genetic and
Genetic and sarcomeric etiology GEHERERCOC/Cauzes

MYL3
TPMI
TNNI3

TNNT?2
(Troponin T)

| MYH7

(Beta myosin heavy chain)

Sarcomeric protein
gene mutation

40-60%
The majarity of cases in ; C -
adolescents and adults are Gy .
caused by mutationsin gy -
sarcomereprotein genes. g
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DIAGNOSIS
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General approach to
the diagnosis of hypertrophic cardiomyopathy

Clinical evaluation

Pedigree
Signs
Symptoms
ECG
Cardiac Imaging
Laboratory

Diagnostic red flags

Features
suggesting a
specific disease?

yes
v
Further specialised
tests &

Genetic testing

no

Consider

genetic testing

A 4

Definite disease causing
sarcomere protein gene
mutation

or

No cause
identified

v

multidisciplinary input |¢

Specific genetic/acquired disorder
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No definite disease causing

sarcomere protein identified

Y
Reconsider other
genetic/non genetic
causes
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History and Physical Examination

« How old is
the
patient?

* Family
history?

e Non-
cardiac
symptoms
& signs?

Symptom/sign

Diagnosis

Gait disturbance

* Friedreich’s ataxia

Paraesthesia/sensory
abnormalities/neuropathic pain

Carpal tunnel syndrome

Muscle weakness

* Amyloidosis
* Anderson-Fabry disease

* TTR-related amyloidosis (especially when bilateral and
in male patients)

* Mitochondrial diseases

* Glycogen storage disorders
* FHL| mutations

* Friedreich’s ataxia

Palpebral ptosis

Lentigines/café au lait spots

* Mitochondrial diseases
* Noonan/LEOPARD syndrome
* Myotonic dystrophy

* LEOPARD/Noocnan syndrome

Angiokeratomata, hypohidrosis

www.escardio.org/guidelines

* Anderson-Fabry disease
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Electrocardiographic abnormalities GiEa i
suggesting specific diagnoses e

Finding Comment
(Short PR interval/pre- Pre-excitation is a common feature of storage diseases
excitation (Pompe, PRKAG2, and Danon) and mitochondrial disorders

(MELAS, MERFF). A short PR interval without pre-excitation
is seen in Anderson-Fabry disease.

AV block Progressive atrioventricular conduction delay is common in
mitochondrial disorders, some storage diseases (including
Anderson-Fabry disease), amyloidosis, desminopathies and in
patients with PRKAG2 mutations.

Extreme LVH (Sokolow score | Extremely large QRS voltage is typical of storage diseases
=50) such as Pompe and Danon disease, but can be caused by pre-
excitation alone.

Low QRS voltage (or normal | Low QRS voltage in the absence of pericardial effusion,
voltages despite increased LV | obesity and lung disease is rare in HCM (limited to cases with
wall thickness) end-stage evolution) but is found in up to 50% of patients with
AL amyloidosis and 20% with TTR amyloidosis. Differential
diagnosis between HCM and cardiac amyloidosis is aided

by measuring the ratio between QRS voltages and LV wall
thickness.
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Echocardiography: Differential Diagnosis

Interpret images
in context of
clinical features
and other tests.

Finding

" Specific diseases _ considered

Increased interatrial septum
thickness

Amyloidosis

Increased AV valve thickness

Amyloidosis; Anderson-Fabry disease

Increased RV free wall
thickness

Amyloidosis, myocarditis, Anderson-Fabry disease, Noonan
syndrome and related disorders

Mild to moderate pericardial
effusion

Amyloidosis, myocarditis

Ground-glass appearance of
ventricular myocardium on
2-D echocardiography

Amyloidosis

Concentric LVH

Extreme concentric LVH
(wall thickness =30 mm)
Global LV hypokinesia

(with or without LV
dilatation)

Glycogen storage disease, Anderson-Fabry disease, PRKAG2
mutations

Danon disease, Pompe disease

Mitochondrial disease, TTR-related amyloidosis, PRKAG2
mutations, Danon disease, myocarditis, advanced sarcomeric HCM,
Anderson-Fabry disease

Right ventricular outflow
tract obstruction

Noonan syndrome and associated disorders
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Cardiac Magnetic Resonance Imaging

CMR should be considered in patients with HCM at their baseline assessment
if local resources and expertise permit.

Prognostic value:
Morphological evaluation: eThe extend of LGE has

oLV morphology and function ~ SOme utility in predicting
cardiovascular mortality but
current data do not support
the use of LGE in sudden

Etiological diagnosis: cardiac death prediction

CMR with LGE imaging should be considered in patients with suspected
cardiac amyloidosis.
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ASSESSMENT OF SYMPTOMS
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Dyspnoea Syncope
Chest pain
Fatigue

Assessment of LVOTO should be part of
the routine evaluation of all symptomatic

patients.
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MANAGEMENT OF SYMPTOMS
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Echocardiography: LV Outflow Tract Obstruction

v About 30% of
patients have
gradient at rest

v'About 30% of
patients have

latent obstruction
(provoked by
manoeuvres that reduce
preload or afterload:
standing from squat,
Valsalva, exercise)

v Clinically
significant if 250
mmHg

" www.escardio.org/guidelines

2-D and Doppler echocardiography at rest, Valsalva and standing

Y !
Maximum provoked Maximum provoked peak
peak LVOTO <50 mmHg
LVOTO =50 mmHg |
' v }
3.5 :
(see 9.1 Symptomatic Asymptomatic Symptomatic

left ventricular outflow
tract obstruction)

Y

Repeat echocardiography

| year

4

*exercise echocardiography may be considered in individual
patients when the presence of a LVOT gradient is relevant to

lifestyle advice and decisions on medical treatment.
LVOTO = left ventricular outflow tract obstruction.

Exercice stress
echocardiography

Y

Maximum provoked
peak
LYOTO =50 mmHg

v

(see 9.1 Symptomatic
left ventricular outflow
tract obstruction)

al (2014):doi:10.1093/eurheartj/ehu284

¥
Maximum provoked

peak
LVOTO <50 mmHg

v

Medical therapy
(see Chap 9. Management
of Symptoms and complications)
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Management of persistent symptoms (1)

LEFT VENTRICULAR OUTFLOW
TRACT OBSTRUCTION
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Treatment of Left Ventricular Outflow
Tract Obstruction

e By convention, LVOTO is defined as a peak
Instantaneous Doppler LV outflow tract gradient of 230
mm Hg, but the threshold for invasive treatment is
usually considered to be 250 mm Hg.

e There are no data to support the use of invasive
procedures to reduce LV outflow obstruction Iin
asymptomatic patients, regardless of its severity.

e Arterial and veinous vasodilatators should be avoided,
digoxin is not recommended

4 ©
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Treatment of LV Outflow Tract Obstruction

[Dizopyramide, Gtrated Lo
maximum tolerated dosa,” Is
recommendad In addition to a B-
blocker {or, If this 1= not
possibla, with verapamil) to
Improve symptoms in
patients with
resting or provoked® LVOTO.
Disopyramide, dtrated to
maximum tolerated dose,” may
be considerad as monotharapy
[0 Improve symproms in

Disopyramide (Rythmodan)
if persistent symptoms and LVOT

patients with

resting or provoked® LVOTO Low-dose loop- or thiazide

(exercise or Valsalva diuretics may ba used with b
manoeuvre) taking caution In cawtion in symptomatic LVOTO, :
patents with—or prone to—AF, to Improve exertional dyspnoea.

In whom It can increase
ventricular rate response
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Invasive Treatment of
LV Outflow
Tract Obstruction

Experienced multidisciplinary teams
should assess all patients before
Intervention

Surgeons and cardiologists who perform
invasive gradient reduction

therapies should be trained in
experienced centres and work as

part of a multidisciplinary team
experienced in the management of HCM.

" www.escardio.org/guidelines

Figure 5 Pre-assessment check list for patients being considered for invasive
septal reduction therapies

* Obesity

* Respiratory disease

+ Coronary artery disease
* Anaemia

* Thyroid disease

* Arrhythmia (e.g. AF)
* Drug side-effects
* Systemic disease (e.g. amyloid)

* RVOT obstruction

Are there alternative/additional
explanations for symptoms!?

What is the mechanism * SAM-related

of obstruction? * Mid-cavity
¢ Sub-aortic membrane

+ Aortic stenosis
* Anomalous papillary muscle
insertion
* Accessory mitral valve tissue

* Mitral prolapse
+ Other instrinsic MV

Assess mitral valve
anatomy/function

abnormality
Assess distribution and severity Minimum anterior septal
of hypertrophy thickness [7mm

AF = atrial fibrillation; MV = mitral valve; RVOT = right ventricular outflow tract; SAM = systolic anterior motion

of the mitral valve.
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Invasive Treatment of LV Outflow
Tract Obstruction

It is recommended that septal reduction therapies be performed by

< experienced operators.»orking as part of a multidisciplinary team
expert in the management of HCM.

Septal reductionthempyte-impreve-symptams.is.cecommended in
patients with a resting or maximum provoked LVOT gradient o
< =50 mmHg, who are in NYHA functional Class IIHYV despite maximum
“toteratad medical therapy.
Septal reduction therapy should be considered in patients with
recurrent exertional syncope caused by a resting or maximum
provoked LVOTO gradient =50 mmHg despite optimal medical therapy.

—Sgtal myectomy, rather than@ recommended in patients with
an indication for septal reduction therapy and other lesions requiring
surgical intervention (e.g. mitral valve repair/replacement, papillary
muscle intervention).

Mitral valve repair or replacement should be considered in
symptomatic patients with a resting or maximum provoked LVOTO
gradient =250 mmHg and moderate-to-severe mitral regurgitation not
caused by SAM of the mitral valve alone.

Mitral valve repair or replacement may be considered in patients
with a resting or maximum provoked LVOTO gradient =50 mmHg
and a maximum septal thickness <l6 mm at the point of the mitral
leaflet—septal contact or when there is moderate-to-severe mitral
regurgitation following isolated myectomy.
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Cardiac Pacing for LV Outflow Tract Obstruction

Class* | Level*

.
| Sequential AV @ith optimal AV interval to reduce the LV outflow
tract gradient or to facilitate medical treatment with B3-blockers and/
or verapamil, may be considered in selected patients with resting or

provocable LVOT sinus rhythm and drug-refractory Iib C
symptoms{who have contra-indicationsXor septal alcohol ablation or
septal myectomy or are a -risk of developing heart block following

septal alcohol ablation or septal myectomy.

In patients with resting or provocable LVOTO =50 mmHg, si
ﬁfd drug-refractory symptoms(n whom there is an indication

< for an ICD, a)dual-chamber ICD (instead of a single-fez

be considered, to reduce the LV outflow tract gradient or to facilitate

medical treatment with B-blockers and/or verapamil.

1) C

©

EUROPEAN

- www.escardio.org/guidelines 014):doi:10.1093/eurheartj/ehu284 SocHTY OF



Management of persistent symptoms (2)

NON-OBSTRUCTIVE HCM
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Figure 6 Algorithm for the treatment of heart failure in hypertrophic
cardiomyopathy.

Heart Failure
NYHA Class IV Management of Heart

' Failure Symptoms in Non-
- : Obstructive HCM

Resting or Resting or
provocable LVOTO provocable LVOTO
=50 mmHg <50 mmHg
y - Rate/Rhythm
Management of AR — control
LVOTO | anticoagulation
LVEF =50% LVEF <50%
B-blockers, B-blockers
verapamil or ACEi. MRA
diltiazem Low-dose loop
Low-dose loop and thiazide
and thiazide diuretics
diuretics

|
Consider cardiac
transplantation

ACEi = angiotensin converting enzyme inhibitor; AF = atrial fibrillation; LVEF = left ventricular ejection fraction;
LVOTO = left ventricular outflow tract obstruction; MRA = mineralocorticoid receptor antagonist;
NYHA = New York Heart Association functional class.
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SUDDEN CARDIAC DEATH
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Sudden Cardiac Death in HCM

e Annual incidence for cardiovascular death of 1-2%, with
sudden cardiac death (SCD), heart failure and
thromboembolism being the main causes of death.

e In adolescents and adults, the risk assessment should
comprise of:

— clinical and family history,

— 48-hour ambulatory ECG,

— TTE (or CMR In the case of poor echo windows)

— and a symptom-limited exercise test.
ng/guidelines nal (2014):doi:10.1093/eurheartj/ehu284 %ffj:i%?.



Risk Factors for Sudden Cardiac Death (Adults)

Non-sustained Ventricular Tachycardia

Severity of LV wall thickness (=30 mm)

Family History of Sudden Cardiac Death  (age < 40y)
Unexplained syncope (non vasovagal)

Exercise Blood Pressure Response  (deita PAS < 20-25 mmHg)
Young Age

Left Atrial Diameter

Left Ventricular Outflow Tract Obstruction

Some mutations etc...
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Prevention of SCD In
Hypertrophic Cardiomyopathy

e There are no randomized trials or statistically validated
prospective prediction models that can be used to guide
ICD implantation in patients with HCM.

O’Mahony C et al. Eur Heart J. 2014 Aug 7;35(30):2010-20

HCM Risk -SCD model for predicting 5 year risk

Probab|lity SCD at 5 years — | = 0.998exp(prognosticindex)

where Prognostic index = [0.15939858 x maximal wall thickness (mm)] —
[0.00294271 x maximal wall thickness* (mm?)] + [0.0259082 x left atrial diameter
(mm)] +[0.00446131 x maximal (rest/Valsalva) left ventricular outflow tract gradient

(mmHg)] + [0.4583082 x family history SCD] + [0.82639195 x NSVT] + [0.71650361
x unexplained syncope] — [0.01799934 x age at clinical evaluation (years)].
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HCM RIsk -SCD: Predictor variables

O’Mahony C et al. Eur Heart J. 2014 Aug 7;35(30):2010-20

Predictor Variable

Age at evaluation.

History of sudden cardiac death in one or more first degree relatives under 40 years of age or SCD in a first degree relative with
confirmed HCM at any age (post or ante-mortem diagnosis).

Maximal wall thickness: the greatest thickness in the anterior septum, posterior septum, lateral wall, and posterior wall of the LV,
measured at the level of the mitral valve, papillary muscles and apex using parasternal short-axis plane using 2-D echocardiography.

Left atrial diameter determined by M-Mode or 2D echocardiography in the parasternal long axis plane.

The maximum LV outflow gradient determined at rest and with Valsalva provocation (irrespective of concurrent medical treatment)
using pulsed and continuous wave Doppler from the apical three and five chamber views. Peak outflow tract gradients were
determined using the modified Bernouilli equation: Gradient= 4V7, whereV is the peak aortic outflow velocity.

MNSVT: 23 consecutive ventricular beats at a rate of 2120 beats per minute and <30s in duration on Holter monitoring (minimum
duraticn 24 hours) at or prior to evaluation.

History of unexplained syncope at or prior to evaluation.

On line calculator:

—> Absolute risk of SCD at 5 years @
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Figure 7 Flow chart for |ICD implantation.

PRIMARY PREVENTION SECONDARY PREVENTION
Ri ded i * Cardiac arrest due t . .
H?;Z";me" S VTorVE Prevention of Sudden Cardiac
2-D/Doppler echocardiogram * spontaneous Death
48-hour ambulatory ECG sustained VT causing
| syncope or
HCH Rk SCD varibles :2;’:‘;2’;:22“
* Agl . .
+ Family history of sudden Recommendations for ICD in
i each risk category take into
* left ventricular outflow gradient® )
e Life expectancy accpupt nqt only the absolute
wallthickness' >| year statistical risk, but also the
| gyl dameser age and general health of the
patient, socio-economic
ICD factors and the psychological
recommended c
impact of therapy.
Class |

LOW RISK INTERMEDIATE | ByllelgRiN S
S5-year risk RISK S-year
<4% S-year risk >4%—<6% | IESY

ICD ICD ICD
generally not may be should be
indicated® considered considered
Class Il Class b Class lla
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GENETIC COUNSELLING
& TESTING
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Genetic Counselling

Help the individual or the family to understand the options for
dealing with the risk of recurrence and choose the action which is
appropriate to them. Godard et al. Eur J Hum Genet 2003

eUnderstand medical, psychological, social, professi onal,
ethical & legal implications of a genetic diagnosis

Charron et al. ESC WG Statement. Eur Heart J 2010;31(22):2715

Genetic counselling is recommended for all patients with HCM when
their disease cannot be explained solely by a non-genetic cause,
whether or not clinical or genetic testing will be used to screen family
members.

Genetic counselling should be performed by professionals trained for
this specific task working within a multidisciplinary specialist team.




Genetic Testing

Web Table 2: Main genes associated with familial hypertrophic cardiomyopathy (Online Mendelian Inheritance in Man
OMIM phenotypic series, 192600)™

Myosin-7 (B-myosin heavy chain) MYH7 l4gq112 160750 10-20%
Myosin-binding protein C, cardiac-type MYBPC3 Ipll2 600958 15-30%
Troponin T, cardiac muscle TNNT2 lg3l] 191045 5%
Troponin |, cardiac muscle THNNI3 19g13.42 191044 <5%
Tropontyosin alpha-1 chain TPMI 15q222 191010 <5%
Myosin regulatory light chain 2, ventricular/cardiac muscle isoform MYL2 12q24.11 160781

Myosin light chain 3 MYL3 3p2131 160790 1%
Actin,alpha cardiac muscle | ACTCI |5gi4 102540

Cysteine and glycine-rich protein 3, muscle LIM protein CSRP3 I1pl5.1 600824

Titin TIN 2g931.2 188840 <5%
Cardiac phospholamban PLN 6g2231 172405

5'-AMP-activated protein kinase subunit gamma-21 PRKAG2 Tqdé.| 602743 1%
Alpha galactosidase A (Anderson Fabry disease) GLA Xq2ll 300644 1-3%
Lysosome membrane associated protein 2 (Danon disease) LAMP2 Xa24 305060 0.75-27%

EUROPEAN

 www.escardio.org/guidelines 1al (2014):doi:10.1093/eurheartj/ehu284 JOCHTY.OF



Genetic Testing

e Genetic testing is recommended in patients fulfilling
diagnostic criteria for HCM to enable cascade genetic
screening of their relatives

e When a definite causative genetic mutation is identified
In a patient, his or her relatives should first be genetically

tested, and then clinically evaluated if they are found to
carry the same mutation

EUROPEAN
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Flow chart for genetic and clinical screening
of probands and relatives.

Genetic testing
\4 Y L
Definite Variant of unknown/ .
. mutation ' uncertain significance |

¢ Y

Cascade Segregation
. genetictest || analysis where
possible
¥ v
X u!:;ftio_n Mutation y ¥
ppestEs negative
clinical phenotype | &
Y Y
Long:term i Repeat screening

HCM = hypertrophic cardiomyopathy.

Cascade genetic test = screening of first degree relatives of patients already diagnosed with HCM.
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Other potential indications for genetic testing

N Erobands

e Accurate diagnosis of HCM subtype (non sarcomeric)

e Accurate diagnosis in ambiguous situations (e.g.
borderline phenotype, SCD and preclinical stage)

eManage procreative issues (prenatal diagnosis, pre-
Implantation diagnosis)

ePrognostic evaluation (some phenotype-genotype correlations,
sarcomeric versus non sarcomeric HCM, multiple mutations)
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Classes of recommendations

Classes of

recommendations Definition Suggested wording to use
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| evels of evidence

Level of Data derived from multiple randomized
Evidence A clinical trials or meta-analyses.

Data derived from a single randomized

Level of

: clinical trial or large non-randomized
Evidence B

studies.

Consensus of opinion of the experts and/
or small studies, retrospective studies,
registries.

Level of
Evidence C
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