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Hypertroficka kardiomyopatie (HCM)

* Hypertrofie nezvéetsené levé komory (LK) pfi nepritomnosti
jiného srdecniho Ci systémového onemocnéni, jez by bylo
schopné vést samo o sobé k danému zesileni stén

* Tloustka stény 15 mm (13 mm)
* Klinicky nejcastejsi vylucované hemodynamické priciny:

arterialni hypertenze, aortalni stendza, koarktace aorty a
tzv. sportovni srdce (athlete’s heart)
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,...HCM is defined by an LV wall thickness 215 mm
in any myocardial segment that is not explained
solely by loading conditions...”

”...

_esser degrees of wall thickening (13—14 mm)

reg

uire evaluation of other features including

family history, genetic findings, and ECG
abnormalities...”

Arbelo E, et al. 2023, Eur Heart J



HCM v kostce

* Prevalence HCM je 1:500 - 1:200
* Mezi nejcastejsimi pricinami SCD < 35 let veku
* Nahlé srdecni smrti (SCD) nemusi predchazet symptomy

* Diagnostika, rizikova stratifikace (prevence SCD, CMP)
— o0sobni a rodinna anamnéza

— zobrazovaci metody

* Ovlivnéni symptomatologie (obstrukce, arytmie)



Co je HCM?

Struktura a funkce sarkomery



Sarcomere role in cardiac contraction

Sarcomeres are the basic functional unit of the myofilament, and are | H |
composed of the contractile proteins, myosin and actin, also referred to Band Band Band
— | —

as thick and thin filaments, respectively
— Thin filaments contain the regulatory proteins troponin and tropomyosin

— Thick filaments contain numerous myosin heads, and thin filaments contain
numerous binding sites for myosin

During muscle contraction, myosin heads
cross-bridge with actin filaments

Relaxed

Actin

Contracted
: M filament

Myosin-actin cross-bridging pulls actin
filaments on either side of the sarcomere
together

— Multiple myosin heads must cross-bridge
with actin for maximal sarcomere contraction

Each sarcomere is demarcated by the 2 z-disk lines
and contains an H band and 2 half | bands

Tortora GJ, Derrickson B. Principles of Anatomy & Physiology. 15th ed. Hoboken, NJ: Wiley; 2017.



Muscle contraction is driven by changes in
myosin heads

Sarcomere
Available for cross

Actin-myosin On/active bridging Unavailable for
filament

Myosin
thick filament

myosin

PROXIMAL
S2

Force-producing myosin head

Mvosin heads are in an “ON” or active 50%-60% of myosin is “on” in normal Active myosin heads
y state when bound to actin’ hearts compared with produce the force with which Open Closed
80%-85% in HCM hearts? sarcomeres contract?

1. Tortora GJ, Derrickson B. Principles of Anatomy & Physiology. 15th ed. Hoboken, NJ: Wiley; 2017.
2. Anderson RL et al. Proc Nat!/ Acad Sci U S A. 2018;115:E8143-E8152.



Cross-bridging of a myosin head with an actin
filament

e The heart musclq

Hyperkontraktilita o

* The muscle relax
. ¥
actin (diastole) ~ '

 HCM mutations can cause excess contraction in systole
and inadequate relaxation in diastole

e
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Diastolicka dysfunkce

Rice University/OpenStax. Anatomy and Physiology. https://opentextbc.ca/anatomyandphysiology/chapter/10-3-
muscle-fiber-contraction-and-relaxation/
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Pathophysiology of HCM

Figure 1: Comparison of the normal heart and the HCM heart
 Compared with normal heart muscle, the

muscles of the HCM heart undergo excessive Normal heart Hypertrophic cardiomyopathy
contraction and |mpa|red reIaxat|on from
overactive cro "'

stiffness that |

pumping and 1 Hype rt r0f|e

heart

 Many patients with HCM have hypertrophy of
the ventricular septum,
which reduces the size of the left ventricle
(Figure 1)3°

1. Burke MA, et al. J Am Coll Cardiol. 2016;68:2871-2886. 2. Maron BJ, et al. J Am Coll Cardiol. 2014;64:83-99.
3. Cleveland Clinic Health Library. 2017. Available at: https://my.clevelandclinic.org/health/articles/hypertrophic-cardiomyopathy.
4. Green EM, et al. Science. 2016;351:617-621. 5. Mayo Clinic 2017. Available at: https://www.mayoclinic.org/diseases-conditions/hypertrophiccardiomyopathy/symptoms-causes/syc-20350198.
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Pathophysiology of HCM

of ventricular septal

In the HCM heart, t din HCM

This is thought to b
sarcomeres in HCM

abnormalities and ¢ g relationship

Reduced sarcomerg =
impairment in relax}

The Frank-Starling

_F chamber size

_— 4 p : ‘ /“4‘ - 4 o™ & ) S
volume taken in duf=e == i B S N “#Iment in normal vs HCM

ejected during systa

of the heart’s increz:
and a smaller volu
compensate for this
hypertrophy reducg =
the ventricle, mean

1. Cleveland Clinic Health Library. 2017.
2. Green EM, et al. Science. 2016;351:61}4
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Vysetreni v dg. HCM
e Anamnéza - OA+ RA!
* Fyzikalni vysetreni — selest, posun hrotu doleva, Valsalva m.

* EKG - heterogenni zmeény - voltazova kritéria hypertrofie LK,
patolog. Q, QS, STE, STD, inverze T...

* Holter EKG — nsKT, jiné arytmie (zejména FiS)

TTE - tloustka stény LK nad 15mm, hypertrofické pap. svaly, pozice

pap. svalu, prodlouzeny predni cip Mi chlopné, obstrukce,
kontrastni vys. zejména u apikalni formy

 MRI - loziska pozdniho nasyceni (LGE), aneurysma hrotu
* Selektivni koronarografie, CT koronarografie
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MRI

Sudden Death Risk Progressive Heart
Failure without
Outflow Obstruction

;

Transplant

ﬂ ICD terminating VF

ikt i/ “‘Hf

Rowin EJ et al., JACC Cardiovascular Imaging, 2020




Rowin EJ et al., JACC, 2017




Komorové arytmie a SCD

ACC/AHA vs. ESC kalkulator rizika

Jedinou efektivni [éCbou v prevenci arytmické nahlé smrti je

ICD



2020
AHA/ACC
Guidelines

Ommen S, et al. 2020, JACC




HCM Risk-SCD Calculator |

Age

e B ESC kalkulator rizika nezahrnuje RF:

thickness
Left atrial size -

Max LVOT gradient

e apikalni aneurysmata LK
Family History of SCD 5 no ) Yes PY LGE na IVIRI

Non-sustained VT 5 no ) ves

TR e EFLK pod 50%

® No ) Yes

Risk of SCD at 5 years (%): 3.8

ESC recommendation: ICD generally not indicated **

“ICD not recommended unless there other clinical features that are of potential prognostic importance and
when the likely benefit is greater than the lifelong risk of complications and the impact of an ICD on lifestyle,
socioeconomic status and psychological health.

2014 4+ 2023 https://doc2do.com/hcm/webHCM.html

Elliot P, et al. 2014, Eur Heart J

ESC GUidenneS Arbelo E, et al. 2023, Eur Heart J




Prospective ICD-Decision-Making Retrospective Modeling

A |
—— J ! | !
I ———
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ESC SCD
70 .
risk > 6%
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50
30
20
10
0
Maron et al., 2019 (30) 0O'Mahony et al., 2014 (40)

m Sensitivity (%) m Specificity (%)

BonaventuraJ et al., Heart Rhythm 02; 2023



Dedicnost

Ve vétsSiné pripadu (tj. u mutaci genu pro sarkomerické proteiny) je
popisovana autosomalné dominantni (AD) dédi¢nost, pouze 20-30%
pacientd

Neuplna penetrance a variabilni expresivita

Krome tzv. sarkomerické HCM se vzacnéji vyskytuje HCM v ramci
systémovych dédi¢nych onemocnéni a syndromu (x definice AHA 2020)

Dédicnost muze byt v téchto pripadech kromé AD i autosomalné
recesivni a X-vazana



Syndromické HCM a fenokopie

Originalni nazev genového produktu

Gama-regula¢ni podjednotka AMP-aktivované proteinkinazy
Lyzosomalni membranovy protein 2

Alfa-galaktosidaza A

Transthyretin

Alfa-glukosidaza

Protein tyrosinova fosfataza, typ 11

Frataxin

Four and half LIM domain 1

BonaventuraJ et al. 2020, Cor et Vasa

Gen
PRKAG2
LAMPZ2
GLA
TTR
GAA
PTPN11
FXN
FHLT

Asociovana diagnéza
Wolffav-Parkinsontv-WhiteQv syndrom
Danonova choroba

Fabryho choroba

Amyloidoza

Pompeho choroba

Syndrom Noonanové, LEOPARD
Friedreichova ataxie

Emeryho-Dreifussova myopatie

Dédicnost
AD
X-vazana
X-vazana
AD

AR

AD

AR

X-vazana



Journal of the American Heart Association

ORIGINAL RESEARCH

Is Hypertrophic Cardiomyopathy Always a
Familial and Inherited Disease”?

Jirn Bonaventura @, MD, PhD; Ethan J. Rowin

myopathy (HCM) has been regarded as a genet-

ically transmitted disease, often demonstrating
an autosomal dominant pattern of inheritance, and
supported by the monogenic sarcomere mutation hy-
pothesis.® This construct has been promoted univer-
sally for HCM with respect to both disease cause and
transmission of clinically overt phenotype within fami-
lies. The principle that HCM can occur in families and

Virtually since its inception, hypertrophic cardio-

Bonaventural, et al., ] Am Heart Assoc. 2023

, MD: Martin S. Maron

, MD; Barry J. Maron @&, MD

this study are available from the authors on reason-
able request. The study was reviewed and approved
by Institutional Review Board at Lahey Hospital and
Medical Center, allowing retrospective review of medi-
cal records and granted a waiver of informed consent
in accord with 45 CFR 164.512(i)2(ii).

This analysis of 304 families with HCM identified
130 (43%) with some evidence of a genetic disease
(ie, either a relative or a proband with a pathogenic/



Genotyp v predikci SCD?

* Inkompletni penetrance, variabilni expresivita

* Nebyly prokdzany jednoznacné ,maligni“ mutace/varianty

* |dentické varianty mohou byt asociovany s rozlicnymi fenotypy
i v ramci jednotlivych rodin
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Co zajima pacienty?



Symptomatologie

VétSina pacientu je asymptomaticka

Dusnost (diastolicka dysfunkce LK, HFpEF)

Bolesti na hrudi (hypertrofie, mikrovaskularni dysfunkce)
Palpitace (dilatace sini, SVT...nsKT)

Synkopa (arytmie, obstrukce, reflexni)

SCD (maligni arytmie - heterogenita myokardu — disarray -
intersticialni fibréza, abnorm. Ca metab., aneurysma hrotu LK)
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Nitrokomorova obstrukce u HCM

* Tlakovy gradient vznikly obstrukci
vytoku krve z LK béhem systoly

* Prodlouzeny predni cip mitralni chlopné
spolu se zavesnym aparatem narazi
béhem systoly do bazalniho segmentu
hypertrofického interventrikularniho
septa (SAM - systolic anterior motion -
dopredny pohyb mitralniho cipu)




TIS0.6 MI 0.1

M3

+ Vel 450 cm/s
PG 81 mmHg




Farmakoterapie

B-blockers o hdipwe
\/ @ \/ Diltiazem
— Verapamil 4 —
_ BAR - z
| LTCC

e A e B
Lt e s s

@ Calcium
Nucleus

Na* channel ® Sodium

0®
Spoladore R, et al. 2020, Expert Opinion on Pharmacotherapy
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Antiarrhythmic

Sotalol
Amiodarone

SGLT2i

Empagliflozin *

Antianginal
Ranolazine
Eleclazine

CCB
non-DHP

Verapamil
Diltiazem

ARNI

Sacubitril/Valsartan *

Metabolism
modifier

Trimetazidine
Perhexiline

Propranolol
Metoprolol
Nadolol
Bisoprolol
Atenolol

Myosin
inhibitor

Mavacamten
Aficamten *

ARB

Losartan
Candesartan
Valsartan

Antioxidant

N-acetylcysteine

Negative
inotrope

Disopyramide
Cibenzoline
CT-G20 *

MRA

Spironolactone

Statin

Atorvastatin

CCB DHP

Nisoldipine
Nifedipine



Nefarmakologicka Iécba obstrukce (SRT)

Alkoholova septalni ablace Chirurgicka myektomie

Al rights reserved. N Engl J Med 2004;350:1320-27. - Alirights reserved. N Engl J Med 2004,350:1320-27.



Souhrn

Prevalence HCM je 1:500 — 1:200
Hyperkontraktilita, hypertrofie, diast. dysfce, LVOTO

Lécba symptomu + snizeni rizika SCD
Evidence-based prevence SCD je pouze ICD
Neexistuje idealni systém, SCD je v centrech vzacna
Symptomy — obstrukce, arytmie

Lécba obstrukce — farmakoterapie, SRT
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ZKRACENE INFORMACE O LECIVEM PRIPRAVKU: Tento I&&ivy pFipravek podiéha dal&imu sledovani. To umoZni rychlé ziskanf novych informaci o
bezpe&nosti. Zadame zdravotnické pracovniky, aby hiasili jakakoli podezfeni na neZadouci G&inky. Nazev lééivého pfipravku: Camzyos 2.5 mg tvrdé tobolky,
Camzyos 5 mg tvrde tobolky, Camzyos 10 mg tvrde tobolky, Camzyos 15 mg tvrde tobolky. SloZeni: Jedna tvrda tobolka obsahuje mavakamten 2.5 mg nebo 5
mg nebo 10 mg nebo 15 mg. Indikace: Camzyos je indikovan k letbé symptomatickeé hypertrofickeé obstrukéni kardiomyopatie (oHCM) (NYHA, tfida II-Ill) u
dospélych pacientl. Davkovani a zpusob podani: Pred zahajenim IECby je treba pomoci echokardiografie vySetfit ejekéni frakcilevé komory (LVEF). LéEbu nelze
zahajit, pokud je LVEF < 55 %. Zeny ve fertiinim véku musi mit pied zahajenim Iécby negativni t&hotensky test. Pfiméfena davka se stanovuje na zakladé
genotypizace na urCeni fenotypu cytochromu P450 (CYP) 2C19 (CYP2C19). Pacienti s fenotypem pomalého metabolizatora CYP2C19 maji zvysene expozice
mavakamtenu (aZ 3nasobné), coZ muZe vést ke zvysenému riziku systolické dysfunkce v porovnani s normalinimi metabolizatory. Pokud k zahajeni |é¢by dojde
pred urcenim fenotypu CYP2C19, maji pacienti dodrZzovat pokyny pro davkovani pro pomalé metabolizatory, dokud nebude urCen fenotyp CYP2C19. Rozsah
davek je 2,5 mg aZ 15 mg. Bioekvivalence mezi jednotlivymi silami nebyla potvrzena v bioekvivalencni studii u lidi; proto je zakazano pouZit vic tobolek pro
dosazeni pfedepsané davky a ma se pouZit jedna tobolka s naleZitou silou davky. Podrobné informace o davkovani viz SPC. Kontraindikace: Hypersenzitivita na
Ié€ivou latku nebo na kieroukoli pomocnou latku. Téhotenstvi. Soub&Zna Ié€ba silnymi inhibitory CYP3A4 u pacientu s fenotypem pomalého metabolizatora
CYP2C19 a s neuréenym fenotypem CYP2C19. SoubéZna |lé¢ba kombinaci silného inhibitoru CYP2C19 a silného inhibitoru CYP3A4. Zvlastni upozornéni a
opatfeni pro pouziti: Mavakamten sniZuje LVEF a mlZe zpUsobit srde¢ni selhani v disledku systolické dysfunkce definované jako symptomaticka LVEF < 50 %.
U pacientl se zavaznym interkurentnim onemocnénim, jako je infekce nebo arytmie (véetné fibrilace sini nebo jiné nekontrolované tachyarytmie), nebo téch,
ktefi podstupuji velkou operaci srdce, miuZe byt vyssi riziko systolické dysfunkce a progrese do srdeéniho selhani. Pfed zahajenim |&cby je tfeba zméfit LVEF a
poté ji peclivé sledovat. Preruseni lécby mlze byt nezbytné k zajisténi, Ze LVEF zlstane = 50 %. Zahajeni |éCby nebo zvySeni davky silného nebo stredné
siiného inhibitoru CYP3A4 nebo jakéhakoli inhibitoru CYP2C19 mluzZe zvysit riziko srdeéniho selhani v disledku systolické dysfunkce. Podrobné informace viz
SPC. Interakce s jinymi I€Civymi pripravky: Jeli u pacienta uZivajiciho mavakamten zahajena leécba novym negativné inotropnim l&Civem, nebo je zvysena davka
negativné inotropniho IéCiva, je treba zajistit peclivy lékarsky dohled s monitorovanim LVEF, dokud neni dosaZeno stabilniho davkovani a klinické odpovédi. U
stfedné& rychlych, normalnich, rychlych a ultrarychlych metabolizatori CYP2C19 je mavakamten primarné metabolizovan cytochromem CYP2C19 a v mensi
mife cytochromem CYP3A4. U pomalych metabolizatort CYP2C19 je metabolizovan pfedeviim cytochromem CYP3A4. Inhibitoryfinduktory CYP2C19 a
inhibitory/induktory CYP3A4 tak mohou ovlivnit clearance mavakamtenu a zvysit/sniZit jeho plazmatickou koncentraci v zavislosti na fenotypu CYP2C19.
Podrobné informace viz SPC. Fertilita, téhotenstvi a kojeni: Zeny ve fertilnim véku musi mit pfed zahéjenim |é€by negativni t&hotensky test a museji pouzivat
uéinnou antikoncepci béhem lééby a po dobu 6 mésicu po jejim ukoéeni. Studie na zvifatech prokazaly reprodukéni toxicitu. NeZadouci Géinky: Nejéastéjsi
neZadouci u€inky jsou zavraté, dusSnost, systolicka dysfunkce a synkopa. Pro dalsi informace viz SPC. Velikost baleni: 14, 28 nebo 98 tvrdych tobolek. DrZitel
rozhodnuti o registraci: Bristol-Myers Squibb Pharma EEIG, Dublin, Irsko. Registracni cisla: EU/1/23/1716/001-008. Posledni revize textu: 08/2023 Pred
predepsanim si prectéte Uplny souhrn Udaju o pfipravku (SPC). Vydej lééivého pripravku je vazan na lékarsky predpis. Lécivy pfipravek neni hrazen z
prostiedkl vefejného zdravotniho pojisténi. Podrobné informace o tomto I€Civém pFipravku jsou k dispozici na webovych strankach Evropské agentury pro lé€ive
pfipravky (EMA) http://ema.europa.eu nebo jsou dostupné u zastupce drzitele rozhodnuti o registraci v CR: Bristol-Myers Squibb spol. s r.0., Bud&jovicka 778/3,
140 00 Praha 4, www.bms.com/cz



