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EKG vid|144r

« Index patient haft synkope efter
hockeymatch nar han var 14 ar
Sannolikt vasovagalt ?

« Vid 243ars alder genomgick
nefrektomi pga en icke fungerande
vansternjure. Vid EKG i samband

med operationen upptacker man
EKG-férandringar

Skulle ni utreda vidare?
a. JA

b. NEJ




Ekokardiografi: Liten vansterkammare med uttalad hypertrofi septum
24mm och latt nedsatt systolisk funktion. Inga tecken pa utflddesobstruktion

MRT: Assymetriskt dkad vaggtjocklek framst omfattande midventrikulara

septum, 28 mm med LVEF 49 %, bra slagvolym. Inget érr ddem, diffus fibros,

inlagring eller fynd talande for Mb Fabry : ( \
g ekt
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Morfar har en ICD

Mamma med hjartproblem

| Index




Arftligt

eller INTE?

77 Bror till morfar dog plétsligt vid 56 ars alder

Morfar fick gora UKG
vid 548r
EKO: septum pa 30mm

[ ! o WO

it 12 "“3 I Holter : korta VT, ICD
i O e
A M2 3 4 s
Mor fick HCM diagnos
v ".+ vid 42 ar; dyspné
Vi1 V2 Septum 22 mm

B Gentest hos mor 2015:
normal

Gentest hos index 2018: normal



Analysresultat
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Ref: 01
Undersokning:Exome focus panel (Lid:GG183158) Normal
Resultat: 3
Analysen har inte pavisat nagon variant | analyserade genar som kan anses vara forknippad med kardiomyopati,
se bifogad rapport. < > - i
with above 20 —
m Fi. Gene m NEXN Mean coverage =
= 1% 15245
- 100 ﬁ
100 7318
Parcentags wih caverage 3bove 52 Mean covarage PRKAGZ 18
= 1% %557
= PSEN! ar
s 100 108.02
15 PSEN2 00
T 0,90
= el 100 12189
= RBM20 .
3 100 155,82
o
= e 109 EX;
e SCNSA
: 100 139.57
= S6C0 100 183.07
bl i
- SLCAOA 100 15218
: TAZ 100 106.33
= (TCAP 100 20082
: TFR2 % 88.91
.: TMEM4 100 109,82
== TNNC! 100 119.61
"‘:. TNNS 100 1351
5 TNNT2 100 17452
™Y TPM1 100 96.36
% TN y 100 176.00
) TTR 100 101,14
VeL 100 13482




Utvidga genetiska anaylsen... |

e

: A3 14 IS
TRIO-sekvensering |

pa patient och hans féraldrar ,;“"

« Genetisk analys med Trio-exomsekvensering V1 V2
heterozygot variant i ALPK3 gen,
ALPK3 (Chr15:85370829NM_020778.4:c.903delC)

sannolikt sjukdomsorsakande enligt ACMGs DAD, HAVE Yoo EVER THOUGHT
krite rierna ABOUT RESEARCH ING OUR FAM/LY

ALPK3, alpha kinase 3, involverad i '2/;\//07
kardiomyocytdifferentiation N e

_ e/ DO YOU REALLY
« Varianten har rapporterats kunna orsaka N wanT 70 Know |
hypertrofisk kardiomyopati i homozygot form o, (ATERS TAT

. 2 publikation dar tva heterozygota diagnostiserats
med HCM i sena 20-arsaldern
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Vilket ar fel?

A. den vanligaste kardiomyopatin med en prevalens
pa ca 1/500

B. den vanligaste orsaken till plotsliga ovantade

dodsfall hos unga idrottare

C. de kliniska manifestationerna ar mycket
varierande, fran symtomfrihet med normal
livslangd till svar hjartsvikt, stroke eller plétslig
dod

. med en arlig mortalitet pa 10%
EKG ar patologiskt i 75-90 % av fallen

mog
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Lung cancer 16.4:

ALS 16.0
ESRD on hemodialysis B2
Ovarian cancer SIS

Congestive heart failure SO0
Multiple myeloma S0
Leukemia S8
AIDS ENRG
Colon/rectal cancer RGN

Cervical cancer BEB
All cancer (men) BB
All cancer (women) BESI
Acute myocardial infarction NSRS
Dilated cardiomyopathy ISR
Lymphoma (non-Hodgkin's) IS
Kidney cancer S8
Heart transplant 6
Urinary/bladder cancer 6
Hodgkin's disease B8 N35
Breast cancer 20102
Scleroderma 8 2.0M10.0
Melanoma 1.//8.4
Cystic fibrosis § 1410
Testicular cancer | /4.6

— T

# Annual Mortality Rate m 5-Year Mortality Rate
Barry J. Maron et al. J Am Coll Cardiol 2022; 79:390-414.

2022 The Authors




increased left ventricular (LV) wall
thickness that is not solely explained
by abnormal loading conditions

2014 ESC Guidelines on diagnosis and
management of hypertrophic cardiomyopathy”

Kriteria

- den maximala vanster kammare (LV)
vaggtjockleken (MLVWT)

pa 2D ekokardiografi = 15 mm i minst
en myocardial segment eller

nar MLVWT >2 SD i franvaro av

andra sjukdomar som kan forklara
hypertrofi

-Hos forsta gradsslaktningar LVH =13 mm

Normal heart
(cut section)

Hypertrophic
cardiomyopathy



A. Skicka

till akuten

B. Normalvariant

C. Vidare utredning med eko
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Apical HCM

70, /¥

B Mixed ApHCM

AN

ApHCM with Predominant
Midventricular Hypertrophy
/




Morphologic variants of hypertrophic
cardiomyopathy

HCM typically presents with asymmetric or localized areas of LV
hypertrophy, which are diagrammed in B to E.

(A) Normal LV wall thickness.

(B) ASH.

({C) sigmoid septum, which is more common in older adults.

(D) Midcavity hypertrophy associated with midcavity obstruction.
{E) Predominantly free wall hypertrophy, an unusual pattern in
HCM.

(F) Lv wall thinning (associated with low LV ejection fraction) and
biatrial enlargement.

(G) Predominantly apical LV hypertrophy.

(H) Severe concentric hypertrophy with cavity obliteration.

(I) Biventricular hypertrophy.

(3) Mild to moderate symmetric hypertrophy.

ASH: asymmetrical septal hypertrophy; HCM: hypertrophic
cardiomvyopathy; LV: left ventricular.



Historiken;

genetiska landvinningar

. 1973 1989 ’ 003 o
1958 1962 Advent of Map HCM to 1992 Commercial 2011
1*HCM report  Familial echo diagnosis chromosome Mutations 1995 genetic 210 genes;
(Teare) disease (M-mode) 14q1 & prognosis MYBPC3 testing > 1400 mutations
1960 1964 1979 1990 1995 2000 2009
First 1stcomprehensive 2-D echo First HCM Prevalence |CD for SD 4 testing
disease description gene (1:500) Prevention labs (U.S.)
myectomy ™ Braunwald) (MYH?)

 Nedarvningsmonstret ar autosomalt dominant

« Nedsatt penetrans och aven variabel expressivitet

« HCM karakteriseras som en sarkomersjukdom

« Sedan 2011 har upp till 11 sjukdomsorsakande gener med 6ver 1500
mutationer i gener som kodar for de tjocka eller tunna
myofilamentproteinerna i sarkomeren

« En sjukdomsframkallande mutation i nagon av de i dag 11 kénda
generna kan identifieras hos ca 30-60% av patienterna

5% av patienterna har flera mutationer

Barry J. Maron et al. JACC 2012;60:705-715

©|JACC

£ T Rl 2 LS L o

American College of Cardiology Foundation



Sarcomeric gene mutation locations in hypertrophic
cardiomyopathy (HCM)

Etiologi av hypertrofisk kardiomyopati

Other genetic and
non-genetic causes
MYL3 : :
TPMI + Inborn errors of metabolism
TNNI3 GW. e diseases
TNNT2
MYH7
Prevalence for each of the 11 genes derived from studies in unrelated HCM
precbands with positive gencotyping are shown in parentheses. Not shown are
genes previously linked to HCM, but with lesser degrees of evidence for
pathogenicity: a-myosin heavy chain, titin, muscle LIM protein, telethonin, ‘, lo
vincalin/metavinculin, junctophilin 2. +CFC
Sarcomeric protein + Amyloidosis
Reproduced from: Maron BJ, Maron MS, Hypertrophic cardiomyopathy. The Lancet 2013; gene mutation ’MMATIR o
381:242. Illustration used with the permission of Elsevier Inc. All rights reserved. 40_60% -Wﬂdwm(unlle)
« AL amyloidoss
MYBPC3 + Newborn of diabetic mother
'Dl“ﬂ, 2 ‘HM ‘
Tacrolimis
+ Hydroxychloroquine

The majority of cases in adolescents and adults are caused by mutations in sarcomere protein genes.AL = amyloid light chain;ATTR=amyloidosis, transthyretin type.

CFC = cardiofaciocutaneous; FHL- | =Four and a half LIM domains protein |;LEOPARD = lentigines, ECG abnormalities, ocular hypertelorism, pulmonary stenosis, abnormal genitalia,
retardation of growth, and sensorineural deafness; MELAS = mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes; MERFF = myoclonic epilepsy with ragged red
fibres; MYL3 = myosin light chain 3; MYBPC3 = myosin-binding protein C, cardiac-type; MYH7 = myosin, heavy chain 7; TNNI3 = troponin |, cardiac; TNNT2 = troponin T, cardiac:
TPMI = tropomyosin | alpha chain; TTR = transthyretin.

Authors/Task Force members et al. Eur Heart J
2014;eurheartj.ehu284




' Congenltai"‘. :
heart
_ disease

__LANK2

AN

© Genetic cardiac disorder 7 . KONID.
O Gene associated with one phenotype KCNE KCNJ2

[0 Gene associated with two phenotypes
[0 Gene associated with three phenotypes

- "Channelopathlein
‘Neuromuscular .
Y disorders

Nature Reviews Cardiology
Volumel0, pages 531-547(2013)
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https://www.nature.com/nrcardio?proof=true

Indikationer for

molekylargenetisk
utredning

« for att klarlagga en eventuell genetisk orsak hos patienter som
diagnostiserats med HCM

- att identifiera HCM fenokopier/diffdiagnoser

« att identifiera familjemedlemmar med risk for att utveckla
sjukdomen, sa kallad kaskadscreening

Likely
No Mutation Likely (probably)
Identified Benign Benign ; Pathogenic Pathogenic

| J
No deleterious consequences

I I

least clinical https://doi.org/10.1016/j.jacc.2012.02.068 greatest clinical
utility utility



Genotypning av HCM patienter i Sverige _ <% X ,

N

% ‘e
q

|

Morner et al studerade 46 HCM patienter fran norra Sverige
35 var sporadiska fall

Totalt 11 olika mutationer upptacktes:

= 71 MYBPC3 (64 %),

= 2 i MYH7 (18%) och

= 1iMYL2 och 1iTNNI3gener (9%)

Mutationer identifierades i 91 % av de familjara HCM-fallen
men endast i 9 % av de sporadiska fallen
Mer senare debut av sjukdomen hos de med MYBPC3

Morner S, Richard P, Kazzam E, Hellman U, Hainque B, Schwartz K, et al. Identification of the genotypes causing
hypertrophic cardiomyopathy in northern Sweden. Journal of molecular and cellular cardiology. 2003;35(7):841-9.



Genetisk
utredning |

Sydostra Sverige

216 HCM
patienter
2010-2021

GENTEST

|
mYes
No
® Unknown
Not want

Resultat av gentest

m Patogen/LP
® Ingen mutation

m VUS

Genetiska varianter

u MYBPC3
B MYH?
m Ovriga(TNNT2,ACTC1,MYL2,CSRP3)

Inga



Positiva prediktorer for positiva genetiska

resultat

[ 100
Clinical Markers for
Positive Genetic Test %0 p < 0.0001
Marker Pts EE 80
68%
J Age Dx=45yrs 1 ,?70
1 60%
O MLVWT 220 mm 1 | 260
o
O FHof HCM 1 |§ 30
c a1%
O FHSCD 1 |& a0
C—
O Reversecurve HCM 1 | 2 30
O HxofH i 2 185
ypertension -1 |5 20 14%
Scoring range: -1to 5 pts o W 51107 J 04173 I 61050
-1 0 1 2 3 4 5

Total Score of Clinical Markers

J.M. Bos, M.L. Will, B.J. Gersh, T.M. Kruisselbrink, S.R. Ommen, M.J. Ackerman
Characterization of a phenotype-based genetic test prediction score for unrelated patients with
hypertrophic cardiomyopathy
Mayo Clin Proc, 89 (2014), pp. 727-737



Pediatric hereditary hypertrophic
cardiomyopathy ¢

- the value of reevaluating and expanding, :
gene panel analyses A

Antheia Kissopoulou, Eva Fernlund Henrik Green, Jan Erik Karlsson, Rada Ellegard, Hanna
Klang Arstrand, Jon Jonasson and Cecilia Gunnarsson
2020 Dec 8;11(12):1472. doi: 10.3390/genes11121472

-~ : ~ investigate the “gene-negative” cases of mainly 10 pediatric HCM
population
ediatric index patients who . . . .
Ff:‘;g";':’dc::;‘f‘c‘;:L%’;tf,;‘:rfj.‘;)  the index patient had pediatric and early onset of HCM/CM,
and/or with a family history of » pediatric HCM/CM with severe disease progression,
ST ey * heredity for HCM-SCD or

» where the index patient suffered SCD due to HCM/CM

\
trio-anaysis

) expanded analysis of
NGS panel entire clinical exome of no
patients and both variant found
clinical exome with a

parents, filtered

“gene negative” patients
(10 families)

clinical genetic testing

L clinically available genetic

virtual panel containing depending on pheno- using any
analysis regarding known CM 60 genes known to type and mode of method
related genes cause CM Frlser s (2 families)

L1

genetic
variant found

genetic
variant found

using
exome-trio
(5 families)

using clinical
NGS panel
(3 families)

using clinical
genetic testing
(~75%)

(CACSCACST
e'e’e’c’et

AT




Tdon't know
what's gorna happen fo us?

Err...Deep sequencing?

Deep sequencing? Does it hurt?

Utdka genpanel?

Genotyping?

Whole
eXome
sequencing?

« Analysen av 51 extra gener utbéver de med HCM i
240 sarkomer negativa fall hos vuxna Okade inte
diagnostiken (2019 Thomson KL)

« Bagnall et al.2018: patienter med mer allvarligare
HCM och <18 ar med gen-negativ HCM, WGS
Okar diagnostiken: identifierade en variant i 9 av
46 familjer (20%), och utbkade genetisk screening
till introniska regioner identifierade i 4 av 46
familjer (9 %)

« | pediatrisk arftlig "gen-negativ' HCM

omvardera fenotypen och utdka den genetiska med

trios, WGS/WES

« Behov av mer omfattande genetiska analyser

O vid tidig debut av kardiomyopati eller

O efter ovantad hjartddéd hos unga,

U om det finns familjeanamnes
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Symtom

HCM heterogen hjartsjukdom

med varierande :

-kliniska manifestationer

-debutaldern

-omfattningen av hypertrofi (LVH)
-graden av obstruktion, fibros
-och risk for plétslig hjartdéd (SCD)

Inom samma familj, kan personer
med samma genotyp ha varierande
debut, symtom och kliniska
manifestationer av HCM (fenotyp)

-variabla expressiviteten inom

och mellan familjer

‘nedsatt penetrans

Trotthet

Dyspné
Brostsmarta
Palpitationer
Presyncope eller
synkope

SCD

Symptom beror pa

diastolisk dysfunktion,
vanster
kammaresutflodes
(LVOT) obstruktion,
mitral regurgitation och
mikrovaskular
dysfunktion




Thick myofilament

Mutations in genes encoding for sarcomeric proteins

(most commonly MYH7, MYBPCS, TNNT2) ——  Thinmyofilament
Z-line
Environmental factors - ﬁ - Genetic penetrance
Life style/nutrition/exercise » Altered biophysical properties of sarcomere Genetic modifiers
+ Altered cellular energy metabolism . .
Arterial hypertension a Altered calciurn homecatasia Epigenetic factors
= | Activated gene transcription: i
Hemodynamics/loading conditions  pro-hypertrophic signaling Protein qualty control
. » pro-fibrotic signaling
Corenary perfusion Oxidative stress
Microvascular dysfunction - ﬂ N Cellular redox signaling
— — - e e
e L — u - A A
Myocardial Diastalic Arrhythmias/ Atrial dilatation/ Systolic
hypertrophy dysfunction sudden cardiac atrial fibrillation dysfunction and
heart failure

Hypertrophic cardiomyopathy: genetics and clinical perspectives, doi: 10.21037/cdt.2019.02.01




pga hdg puls och tryck i
brostet

2 ars anamnes pa dalig
ork

Systoliskt stravt blasljud
over hela prekordiet

Normalt blodtryck



Ekokardiografi visar |
obstruktiv kardio

Efter myektomi




Continuous wave (CW) Doppler echocardiogram
showing a 100 mmHg gradient across the left
ventricular outflow tract (LVOT) in a patient with
hypertrophic cardiomyopathy (HCM)

« 30% har utflédesobstruktion i vila
och ytterligare 30% efter provokation
De med symtom utan LVOT i

vila bor gora stresseko

The continuous wave Doppler demonstrates the characteristic
profile of dynamic left ventricular outflow tract obstruction;
the peak velocity across the obstruction is 5 m/sec or a
gradient of 100 mmHg. When severe, outflow tract signal can
be difficult to distinguish between the mitral regurgitation that
frequently accompanies systolic anterior motion of the mitral
valve.

' Courtesy of Perry Elliot, MD.

o komb|nat|on av Septa| hypertroﬂ OCh Normal’_ _‘mm HCM/ §

anterior férskjutning av mitralisklaffen- Heart HCM Obstruction

SAM - '

 LVOTO definieras som Dopplers LV ; } |

utflodestryckgradient =230 mmHg

vid vila eller under fysiologisk

provokation som Valsalva —mandver \

« Gradient av 250 mm Hg

hemOdyna miskt betyd else Note the increased left ventricular (LV) muscle wall thickness,
decreased LV lumen size, and enlarged left atrium (LA) of the
hearts with HCM.

 LVOT i vila som ar 230 mmHg ar
en riskfaktor for progressiv hjartsvikt symtom



Stressekokardiografi med
halvliggande cykel
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Provocable Rest
Nonobstructive Obstruction Obstruction

Proportion of Patients

Who Evolved to NYHA

Functional Class II/IV (red) 90% 80% 62%

(NYHA 1/1) (NYHA I/11) (NYHA I/M)

Rate of Progression to

NYHA Functional Class I/IV (%/y) 1.6%ly 3.2%ly 74%ly
Treatment for Progression Transplant Myectomy Myectomy

to NYHA Functional Class /v (CRT) (ASA) (ASA)

Barry J. Maron et al. J Am Coll Cardiol 2022; 79:390-414.

2022 The Authors




CENTRAL ILLUSTRATION: Flow Diagram Summarizing Applications of Ex-
ercise Testing to Diagnosis and Management of HCM

=

' Noor Small LV Outflow Gradients at Rest

&

Exercise Echocardiography

T~

Nonobstructive*
) ]
| MR (NYHA class I/IV) " (NYHA class IV/IV) i l
] J
No Treatment Medical Metabolic Medical No Treatment
Surveillance Therapy Exercise Testing Therapy Surveillance

Tasplact | (ualmii"‘&" septal ablation)

Rowin, E.J. et al. J Am Coll Cardiol Img. 2017;10(11):1374-86.




Pathologic LVH vs Physiologic LVH

"Gray zone"” of LV wall thickness

}

vansterkammare och fortunning LV-vagg

« Fysiologisk hypertrofi orsakas av
intensiv atletisk traning

Focal LWVH pattern

LV cawvity <45 mm

LV cawvity =55 mm
LA enlargement

« Patienter med co-existerande
sjukdomar: hypertoni , aortastenos

Bizarre ECG patterns
Abnorma I Lv filling
Female gender
Family history of HCM
Thickness with deconditioning
WO t =110 percent

« Isolerade basal septal hypertrofi hos e e
éld re pe rsoner Comparison of features which can be useful in distinguishing

Pathologic LWH from Physiologic LWH.

elelolelelolelelelo)
olclelelelolelofele

LA left atrium; LV: left ventricle; LVH: left ventricular hypertrophy;
ECG: electrocardiogram; HCM: hypertrophic cardiomyopathy.

¢ H y p OVO I e m i Additional updated information from:

1. Maron 87, Maron MS. Hypertrophic cardiomyopathy. Lancet 2012,
2. Maron 81, Pelfficcia A. The heart of trained athilfetes: cardiac
remodeling and the risks of sports, including sudden deatf.

« Phenocopies-metabola sjukdomar, poprog AN 2006; 1191635, e oo P Cordine

disease in young trained athletes. Insights into methods for

Sy n d rO m / | n I a g rl n g SSJ U kd 0 m a r, dfs:;g;ﬁshfng;thfete 'Sf?ear:;ﬁr;:_sh't;;r_uraf hea; df&;?_as? ::hI s
gener som ar involverade i RAS MAP-
kinasvagen orsak Noonans syndrom i

samband med LV hypertrofi



Rekommenderad utvardering och testning for HCM

Diagnostic Testing
(ECG, Fnaging, Cenatics)

b {50 Figure I for details
RN — S glase chaind

stlgnts With IEm

Complete Baseine Evaluation
= ST risk S gt
= SEreii Besting IF pypmptomatic,
i LWOTD s suspeschesd but
[T L s e e TR o B e )
bBapeling Pt tisnal capasity

AL the time of diagnosis in anotber femily memker

AL ey time afber U disgroses in the family, but

e Lt thasn pubsrty
Bedhodis utmtmﬂmwﬂhml-ﬁum Ewery -5y
t’ Steve R. Ommen. Circulation. 2020 AHA/ACC Guideline for the Diagnosis and

Treatment of Patients With Hypertrophic Cardiomyopathy, Volume: 142, Issue: 25, © 2020 by the American Heart Association, Inc. and the American

Pages: €558-e631, DOI: (10.1161/CIR.0000000000000937)

College of Cardiology Foundation.



Comment

The effect of age on SCO has been examinad ina number of studie s 1899 B81T-10 5 0 d oy have

shown a significant association, with an increased risk of SCD in younger patients.” %

Some risk factors appear to be more important in younge r patients, most notably, MSVT 5 severe LVHT*and
unexplained syncope®

Man-sustained ventricular tachycardia

Maximum left ventricular wall
thickness

Family history of sudden cardiac death
ata young age

Syncope

Leftatrial dameter

MEVT (defined as =3 consecutive ventric ular beats at=|20 BPM lasting <30 seconds) occurs in 20305 of
patients during ambubtory ECG monitoring and isan independent predic tor of SCOS7H1818
There is no evidence that the frequency, duraticn or rate of NSYT influences the risk of SCD.®-T8

The severity and extent of LYH measured by TTE are asscciated with the riskof SCD #1010
Several studies have shown the greatestrisk of SCD in patients with a maxirmum wall thickness of 230 mm but
there are few data in patients with extreme hype rtrophy (235 mm) 871201471871 117,78

While definitions vary” 0477 3 family history of SCD is usually considered clinically significant when
one or more first-degree relatives have died suddenly aged <40 years with or without a diagnesis of HCM, or
when SCD has occurred in a first-degree relative at any age with an established diagnasis of HCM.

Syncope iscommon in patients with HCM but is challenging to assess as it has multiple causes. ™
Mon-neurccardicgenic syncope for which there is no explaration after investigation is associated with increassd
risk.clf SCDJ’ 18139, 144,146- 148

Episodes within & months of evaluation may be more predictive of SCD®

Twio studies have reported a positive assocition between LA size and SCOM#* There are no data on the
assoc tion betwesn SC0O and LA area and wolume. Measurement of LA size is also important in assessing the
risk of AF (see section 9.4).

Left ventricular outflow trace
ohbstructon

EBxercise blood pressure responss

A number of studies have reported a significant association with LVOTO and SCOTA1BLMETLIE Saye |
uranswered questions remain, including the prognostic importance of provocable LVOTO and the impact of
treatment (medical or invasive) on SC0.

Approximately one third of adult patients with HCM have anabnormal systolic blood pressure responss to exencis
characerised by progressive hyponsion ora faillure to augment the syswlic blood pressure that is caused by an
inappropriate drop in systemic vasculr resistance and a kow cardiac output ress re M

Various definitians for abnormal blaod pressure response in patients with HCM have been reporped® 81214607,

far the purpases of this guideline an abnormal blood pressure response is defined as a failure to increase systolic
pressure by at kast 20 mm Hg from rest o peakexercise or a fill of 20 mm Hg from peak pressure @7

Abnormal exercise blood pressure response is associated with a higher risk of SCD in patients aged =40 years 27
but its prognostic significance in patients =40 years of age is unknown,

2014 ESC Guidelines on diagnosis and
management of hypertrophic cardiomyopathy”




Cardis: arresb'austained VT

1° prevention

Familial sudden death
Unexplained syncope
Multiple-ropatities NSVT (Holter)
Abnormal exercise BP response
Massive LWVH

&
I

Pomprial arbitrelors
Erd-siage phase
LY spical anseurysm
Maioed LV oulfow ababruciion (nel)
Extenzive delayed enhncemsnl
Wodetshle

nien e comparliive spons

CAD

~—ICD
Intermediate

"It is not the size
of a man but the size
of his heart that matters"

i Evander Holyfield
!
;’ Lowest }
Fi

% Patients With SD
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Age

EUROPEAN
SOCIETY OF

CARDIOLOGY®

Maximum LV
wall thickness

Left atrial size

mm

Years Adge at evaluation

aicuiator

Transthoracic Echocardiographic measurement

Left atrial diameter determined by M-Mode or 2D

dation:

mm
echocardiography in the parasternal long axis plane at
fime of evaluation
Max LVOT The maximum LV outflow gradient defermined at rest an
gradient with Valsalva provocation (irrespective of concurrent
mmHg medical treatment) using pulsed and continuous wave
Doppler from the apical three and five chamber views.
Peak outflow fract gradients should be defermined using
the modified Bernouilli equation: Gradient= 4V <, where
is the peak aortic outflow velocity
Family History No Yes History of sudden cardiac death in 1 or more first degres
of SCD relatives under 40 years of age or SCD in a first degree
relative with confirmed HCM at any age (post or
ante-mortem diagnosis).
Non-sustained No Yes 3 consecutive ventricular beats at a rate of 120 beats pg
VT minute and <30s in duration on Holter monitoring
(minimum duration 24 hours) at or prior to evaluation.
Unexplained No Yes History of unexplained syncope at or prior to evaluation.
syncope
Risk of SCD
at 5 years
(%):
ESC reco-
mmen-




PRIMARY PREVENTION SECONDARY PREVENTION

Recc | « Cardiac arrest due to
VT or VF

History

2D/Doppler echocardiogram * spontaneous

48-hour ambulatory ECG sustained VT causing
syncope or
haemodynamic
compromise

HCM Risk-SCD variables:

+ Age

* Family history of sudden

cardiac death

* Unexplained syncope

« Left ventricular outflow
gradient®

* Maximum left ventricular
wall thickness® Life expectancy >| year

* Left atrial diameter®

* NSVT

ICD
recommended

LOW RISK ol HIGH RISK
S—year risk <4% ATk 46 S—year risk 26%
ICD generally not ICD may be ICD should be

indicated® considered considered

2D = two dimensional; ECG = electrocardiogram; ICD = implantable cardioverter defibrillator; LVOT = left ventricular outflow tract; MLYWT = maximum left ventricular wall
thickness; NSVT = non-sustained ventricular tachycardia during 24-48 hour ambulatory ECG monitoring;VF = ventricular fibrillation;VT = ventricular tachycardia.

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

“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.

Authors/Task Force members et al. Eur Heart J
2014;eurheartj.ehu284

European
Heart Journal

©The European Society of Cardiology 2014. All rights reserved. For permissions please email:
journals.permissions@oup.com




SCD-
riskbeddmning

Established Clinical Risk Factors for HCM Sudden Death Risk Stratification

Family history of
sudden death from
HCM

Massive LVH

Unexplained
syncope

HCIM with LV
systolic
dysfunction

LV apical
aneurysm

Extensive LGE on
CMR imaging

NSVT on
ambulatory
monitor

Sudden death judged definitively or likely attributable to HCM in =1 first-degree or close relatives who are =30 y of age.
Close relatives would generally be second-degree relatives; however, multiple SCDs in tertiary relatives should also be
considered relevant.

Wall thickness =30 mm in any segment within the chamber by echocardiography or CMR imaging; consideration for
this morphologic marker is also given to borderline values of 228 mm in individual patients at the discretion of the
treating cardiologist. For pediatric patients with HCM, an absolute or z-score threshold for wall thickness has not been
established; however, a maximal wall that corresponds to a z-score =20 (and =10 in conjunction with other risk factors)
appears reascnable.

=1 Unexplained episodes involving acute transient loss of consciousness, judged by history unlikely to be of
neurocardiogenic (vasovagal) eticlogy, nor attributable to LVOTO, and especially when occurring within 6 mo of
evaluation (events beyond 5 y in the past do not appear to have relevance).

Systolic dysfunction with EF <50% by echocardiography or CMR imaging.

Apical aneurysm defined as a discrete thin-walled dyskinetic or akinetic segment of the most distal portion of the LV
chamber; independent of size.

Diffuse and extensive LGE, representing fibrosis, either quantified or estimated by visual inspection, comprising =15%
of LV mass (extent of LGE conferring risk has not been established in children).

It would seem most appropriate to place greater weight on NSVT as a risk marker when runs are frequent (=3), longer
(=10 beats), and faster (=200 bpm) occurring usually over 24 to 48 h of monitoring. For pediatric patients, a VT rate
that exceeds the baseline sinus rate by =20% is considered significant.

2020 AHA/ACC Guideline for the Diagnosis and Treatment of Patients With

Hypertrophic Cardiomyopathy | Circulation (ahajournals.org)



https://www.ahajournals.org/doi/10.1161/CIR.0000000000000937

An ICD is reasonable (2a)
F'Y

ﬂ Steve R. Ommen. Circulation. 2020 AHA/ACC Guideline for the
ﬁ Diagnosis and Treatment of Patients With Hypertrophic
Cardiomyopathy, Volume: 142, Issue: 25, Pages: €558-€631, DOl:  © 2020 by the American Heart Association, Inc. and the American

(10.1161/CIR.0000000000000937) College of Cardiology Foundation.



Kan de genetiska fynden
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Genotyp-fenotyp relation

- Patienter som bar pa patogena sarkomera varianter:

Q yngre alder

Q fler fall med HCM i familjen, arftlighet for plotslig hjartddéd och

Q storre maximal vaggtjocklek

« Jamforelse av tjocka (MYBPC3, MHY7, MYL2) och tunna (TNNT?2,
TNNI3, TPM1, ACTC) filament: mildare och atypiskt fordelad
hypertrofi i tunna filament och 6kad risk for hjartsvikt

« TNNT2-mutationer :relativt mild hypertrofi, men dalig prognos

« MYBPC3-varianter: mer gynnsam prognos och sendebut

« >1 sjudomsorsakande varianter 6kad risk att drabbas av plotslig
hjartdod

- DOCK! Stora skillnaderna bade inom och mellan familjer med
varianter i samma gen

Det genetiska testresultatets roll i riskstratifiering ar osaker
och anvands darfor inte kliniskt i detta syfte



Phenotypic Expression and Outcomes in
Individuals With Rare Genetic Variants of

Hypertrophic Cardiomyopathy

ﬁyep':rt$¢:: ;i:: Lcl.alrl;:nlm’:la ?hb;i ‘:JSI;:’C;;I::; aGn:‘ ::presslon of Rare Variants in
L # Wall thickness
rhattafang Hconcntcremodeing
iRt AAS ——
thatarafg
thatfaaffg
thattarant
it A
HAAAAARL {J A
rharRAAARA e e
de Ma:a:?:::l?: c:r:r::l. 2021;78(11):1097-11.10. | N

Antonio de Marvao et al. 3 Am Coll Cardiol 2021; 78:1097-1110.

2021 The Authors

In subjects harboring SARC-HCM-
P/LP variants, LVH =213 mm was
present 18.4%

SARC-IND variants 2.9% had WT
213 mm.

Most individuals with
pathogenic sarcomeric
variants do not have overt
HCM, but a subclinical
phenotype is associated with
an increased risk of adverse
cardiovascular events.




Obstructive physiology™

= I‘ {xo ) . (ves) —1
< Symptoms? >
<2 2
Repeat evaluation as _J_
per Figure 7, Box 2 -—{ ~no { YES »—I

Avcid vasodia tors and l

high-dose diuretics
v
—
v

If symptoms persist ‘

BEHANDLING
! _ HOCM

Forstahandsval utgors av
betablockerare

aven kalciumflodeshammare
och | enstaka fall disopyramid

Hos patienter med symtomgivande
utflodesgradient (=50 mm Hg) som inte

_ _ svarar pa medicinsk behandling kan

- G
S Surgic ~
S _candidate?®
S = =

Kirurgisk intervention

—f mo }—————{ ves }—

X

" Other

surglcal
indication or

\x

~
) nonstanda d /

d-ca lon? -~

- VES 1




W

Lakemedel att undvika vidy ‘-:"

utlodesobstruktion

* Perifert vasodilaterande,
* positivt inotropa och
* diuretiska lakemedel, som alla kan forvarra en utflédesobstruktion:

Nitrater

ACE-hammare/Angiotensinreceptorblockerare

Vissa kalciumhammare (nifedipin, amlodipin, felodipin)
Alfablockerare (t ex doxazosin)

PDE-5-inhibitorer (t ex sildenafil, tadalafil och vardenafil)
Positivt inotropa lakemedel (t ex digoxin, dobutamin, dopamin)
Furosemid och andra diuretika (annat an i lag dos)

« De med HOCM och uttalad hypotoni som ej svarar pa vatska ge iv
fenylefrin eller annan vasokonstriktor utan inotrop effekt

 De med HOCM och vilo-dyspné , hypotoni, LVOT
gradient>100mmHg ge ej Verapamil



Icke farmakologiskt terapi

 Vid betydande hjartsviktssymtom NYHA klass III / IV trots maximal
medicinsk behandling eller

- aterkommande synkope och

« ett LVOT =50 mmHg vid vila eller provokation

Myektomi-Komplikationer

Ve nt ri ke I se pt um d efe kt 2 0/0 Angingraph during sepal ablation fM
Utveckling av vanstergrenblock (LBBB) eller ~—
fullstandigt hjartblock 5%

Alkohol- ablation- Komplikationer
O Kranskarls dissektion,
O Perikardexsudat

O Stor hjartinfarkt
D KO m p I ett hj é rtb I OC k Alcohol septal ablation in a patient with hypertrophic
El Ka m m a rta kya rytm ie r’ a rytm i d 6d ;?nrgwg]t;r?gsﬁi shyusvs (t?:'p \Eﬂ:} I?;Is:ﬂ‘r?er SDégsfa:lr:aemoaf Elfemfﬁasirzy

septal perforator (arrow; not shown in this still image but
seen on cine was clear "milking” of this septal branch during
systole owing to the compression of septal contraction),
(bottom left) inflation of angioplasty balloon in that branch,

. (bottom right) contrast injection via balloon central lumen,

Pa cem a ke rte ra pl and (top right) final result with obliteration of septal

perforator without compromise or embolization of the left
. - anterior descending artery.

Reproduced with permission from: Baim DS. Grossman's Cardiac

D ua I C h am b er ( RA OoC h RV) Stl mu I erin g Catheterization, Angiography, and Intervention, Seventh £d, Lippincott
Williams & Wilkins, Philadelphia 2006. Copyright & 2006 Lippincott
Williams & Wilkins.



Section on

obstructive HCM
(See Figure 4)

Systollc funct-on

Section on
LVEF <S50% LVEF 250% e — symptomatic
nonobstructive HCM

Discontinue
negative inotropic
C(verapamil, Iimplantable .
diltiazem, cardiac ad'.’h' fato
disopyramide)
2a)

A
\ Reevaluation after
GDMT
1
\ ; 3
NYHA class -n I[ NYHA class -1V Recurrent ventricular

arrhythmias

LVEF <50%
and LBBB

|

\J
if patient
CRT decompensates
- while listed,
an evaluate for LVAD
(&2

Symptoms NYHA class
@<m )C}—»va

2020 AHA/ACC Guideline for the Diagnosis and Treatment of Patients
With Hypertrophic Cardiomyopathy | Circulation (ahajournals.orqg)



https://www.ahajournals.org/doi/10.1161/CIR.0000000000000937

Man bor ge NOAK/OAK enligt CHA2DS2-Vasc

1 'YA Atrial Fibrillation in Hypertrophic Cardiomyopathy: A systematic Review

2 N EJ 21,887 (incidence, prevalence)
u 15,444 patents (outcomes)

7 fold 1 risk of
thromboembolism

Prevalence 22.3% /\

Incidence: 2.5 cases per-
person years

2.8 fold 1 risk of
heart failure

2.5 fold 1 risk of all
cause mortality L‘ 1.7 fold 1 risk of
sudden death



« FOrmaksdiameter (> 40 mm)

. Stigande alder

« Hjartsviktsymtom

Férekomst eller svarighetsgrad LVOT
gradient inte ar forknippad med en
Okad forekomst av FF

Sotalol, Cordarone ge inte digoxin
Eftersom patienter med HCM ar inte
inkluderade i de flesta kliniska
provningar av trombosprofylax i AF,
kan CHA2DS2-Vasc inte anvandas
for att avgodra behovet av
antikoagulation

aven de med isolerade korta episoder

av FF bor behandlas med NOAK

In patents with HCM and chnical AJ,
ANLBCoMQUIMTION 15 recommended with dwect-
acting oral antcoagulants as first-ine option
and Wwiamen K anaQonests i second-ine
option, mdependen of CHA DS -VASe

scopp M9 -

I patents wath HCM and subcinecal AF detecied
by mtermal or extemal Candhac deve O morstor
of »24 hours’ duration for a gven epesode,
SMXONUANON © recorremended with dieect-
AU O e COBANNS a8 Frit-Srwe Opiton

anc] wiarmn K antagonests as second-ne opton,
independent of CHA DS WASC score " Wasss

In patents wath AF i whom rate control
strategy o planned, esther beta blockers,
veraparmd, or dédtiazem are recommenced,
with the chonce Of Jgemts aCCOoNing 10 patem
prefeorences and comorbed conditioes M4

In patents wath HOCM and auxinecal AF
detected by intornal or external dewoe o
monitor, of >S5 mnuses” but <24 houry”
Gurabon 1or & gwen epmode, ANBCONGUAMON
walh dhret-actng Oral antxoagulants as
first-ne option and witamen K antagonests as
second-ine option can be benehical, taking o
Coraderaton duaraton of AF epasodes, total AF
burdien, undieriyng sk factors, and bleedng

ik YO0 ML

In patents wath HCM and poordy 10lerated AF,
a riythm control strategy wWith Canhoversion
or antarrhythimec drugs can be benefucaal
with the chosce of an 298! according 10 A
SYMPLOM severnty, paten! peeferences, and
comortndd condiions ST

2020 AHA/ACC Guideline for the Diagnosis and Treatment of Patients With

Hypertrophic Cardiomyopathy | Circulation (ahajournals.org)



https://www.ahajournals.org/doi/10.1161/CIR.0000000000000937

CENTRAL ILLUSTRATION: Management Guidelines for Hypertrophic
Cardiomyopathy

Benign/
Stable

Personalized Profiles of Prognosis in Hypertrophic Cardiomyopathy (HCM)

;

Progressive A

.

Reduced
EF <50%
(End-Stage HCM)

Symptom

Progression
to NYHA NIV
ARCR. (Selecti l
Primary Myectomy . - .
Prevention ICO Sty . Heart

Maron, B.J. et al. J Am Coll Cardiol. 2022;79(4):390-414.

Barry J. Maron et al. J Am Coll Cardiol 2022; 79:390-414.

2022 The Authors




v

| Usually

Usually
no no
drugs drugs
Progression to
‘— drug-refractory
Advanced age, e

major comorbidities, or
strong aversion to
surgery

'

2022 The Authors

Surgical
myectomy
(at experienced
center)

R

Symptom N:‘::"
TYOURSENGN inhibitors

to NYHA HIJ/Iv ARBS,
‘ diuretics

Diuretics

ICO

1

Barry J. Maron et al. J Am Coll Cardiol 2022; 79:390-414.




Uppfojining av HCM patienter

skede, med viI—EKG Ingtds-EK h
ekokardiografi

Om vanster formak ar forstorat (= 45
mm diameter) rekommenderas langtids-
EKG varje 6-12 manader

-Arbets-EKG med 2-3 ars intervall

-Aterkommande riskvardering avseende
ICD gérs med 1-2 ars intervall hos
patienter som inte har ICD, men kan
komma ifraga for sadan om indikation
finns

*Tatare undersdkningar och ytterligare
utredningar kan motiveras vid
nytillkomna symtom eller kliniska
handelser

For most patsents wath HCM, mid- to
moderate-miensuty recreational* exercne 5
beneficial L0 smprove carthoresparatony fitness,
physical functionng, and guality of ife,

and for ther overall health n keeping wath
physical actanty gusdelnes for the general
POPUiation ST

For athietes wath HCM, & cornprehensave
evaluatson and shared descussion of potential
risks of sports particpation by an expernt
prowvder B recommended, ™

3. For most patsents with HCM, partiopation

In lowsntensty competitae sports s
reasonable %

In indmduals who are genotype-postve,
phenotype-negatve for HOM, partiGipation n
competitive athletics of any intensty s reason
ablp, 7M1 a0

For patsents with HOCM, partcipation sn high-
Intensity recreational activitaes or moderate
to hghantensty compoetitve sports actnates
may be comtadered alter a compeehensave
evaluation and shared dscussion, repeated
annually with an expert provicier who
conveys that the rak of sudden death and
1ICD shocks may be ncreased, and with

the understanding that oligibslity decisions
for competitave sports particpation often
involve third partses (eg, team physsGans,
consuitants, and other mstiutional
leadership) acting on behalf of the schools or
‘c.)ms MW 298

In patients wath HCM, KD placement for the
sole purpose of PATICPation N competitve
athietics should not be perforrmed I 178%



Viktigt att identifiera de som ar i riskzonen .«

inom en familj och ge adekvat uppfoIJnlnq, \‘ =T vy
utbildning, och behandling

("

Clinical
Family
Screening*

l

Family Screening

Other Clinical Scenarios for Genetic Testing

PGD (2) Exélides for HCM with
phenocopies Genetic Testing*
Can resolve
ambiguous
clinical/morphologic Prenatal
diagnosist testing (?)

Pr;?dlc‘t .| (& Pathogenic
Pregr(osns o sarcomere mutation - _

Family members l l
(predict risk for disease)
usually cannot proceed
/ \ cannot proceed with family
with family genetic screening
@ mutation @ mutation genetic screening
G+ P- G- P-
continued
surveillance
with imaging
Competitive sports (?)

ICD (?)



Your genetics
loads the gun.

Your lifestyle
pulls the trigger?”

Nedsatt penetrans och aven variabel

expressivitet
Inte alla individer med

en mutation i en av de

Modifier Genes Environmental Effects
In the locus HCM -
dekoiw o HCM-generna kommer
i1 €15 OF in trans Athletic training
Additional coding variants Hypertension a tt u tt ryc ka d e n
Nonceding variants that Coronary disease
alter level of expression DCM H H b H d
Outside the locus Age kIInISka II en aV HCM
Common polymorphisms Pregnancy
or rare mutations affecting Cytotaxic drugs
same system or down- Viral infection
stream pathways Coronary disease

|

Det kliniska uttrycket
visar stora variationer,
vilket delvis kan
hanféras till den

Causal
Mutation

= Phenotype

Post—transl:ﬁ:nﬁ:::nd Epigenetic g e n etl S ka .
DNA modification {e.g., methylation) h ete rO g e n Itete n

Histone'modiﬁcation (e.g.. acetylation)
Pttt MoSA, N Engl J Med 2011; 364:1643-1656
DOI: 10.1056/NEJMra0902923



!Thin

filament Troponin

- -
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Tropomyosin

.

Thick
filament

—

o
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- p-myosin
) heavy chains

~ Sarcomeric
Variant

md

mMiyosin-oimnaing

TroponinT Protein C__

N\ J Regulatory & ‘\
)y essential light chains

Age
Genetic Modifiers
Lifestyle
Comorbidities

Primary Effects
Small LV Cavity

Overt HCM

Adverse

Hypercontractility - Remodeling/
Diastolic Abnormalities

Qutcomes

FibeSlS Syn'|pton"5

Impaired Energetics

| LV Outflow
Obstruction
‘— _—

[}-blockers/CCB/Disopyramide
Invasive Septal Reduction

Ventricular
Arrhythmias |

4

ICD

Atrial Fibrillatio:‘

Anticoagulation
Rate/rhythm control

' Remodeling
e
Heart Failure Rx
Transplant

e ——_—_—



T
& YOUR MEDICAL
. FUTURE!

YOUR DNA % Pharmapsychic
N WILL NOW REVEAL 7 "/3 2 GL‘IIOI]IiC.\'

Kaskadscreening

I forsta hand ar det foraldrar,
syskon och barn till
patienten, dvs
forstagradsslaktingarna




Rekommendationer om

genetisk vagledning och
testning hos HCM patient

Recommendations Class®| Level” Ref.” Recommendations
Genetic counselling is

Genetic testing is recommended in recommended for all patients
patients fulfilling diagnostic criteria 24,175 with HCM when their disease
for H'F:H. whe;n it enah!_es ¢3$1:?!:I1E | 78—180 cannot be explained solely by
genetic screening of their relatives. a non-genetic cause, whether 169-173
Ie s recommencec that genetic or not clinical or genetic testing
testing be performed in certified | [
diagnostic laboratories with | 68,172,183 7
expertise in the interpretation of members.
cardiomyopathy-related mutations. Genetic counselling should be
I|:| the presence of symptoms amd performed by professionals
ok e 3640, trained for this specific task 168173
specific causes . genetic . ol g s e
testing is recommended to confirm 434667 warlflr!g within a multidisciplinary
the diagnosis. specialist team,
Genetic testing in patients with a
borderline” diagnosis of HCM
should be performed only after la 168
detailed assessment by specialist
teams.
Post-mortem genetic analysis of
stored tissue ar DNA should be
considered in deceased patients - 181,182 2014 ESC Guidelines on diagnosis and management of
with pathologically confimed ' hypertrophic cardiomyopathy | European Heart Journal
HCM, to enable cascade genetic

i f thei latives. .
SCrecning of Fhel rearves | Oxford Academic (oup.com)



https://academic.oup.com/eurheartj/article/35/39/2733/853385#89324197

InfOr genetisk provtagning-

Pre-gentest

{:__} U fTecned Fermde

Viktigt med en 3-generations familjehistoria ®
..-'ul'liu-.l:nluuh_-
Alla patienter bér erhalla noggrann information innan en

eventuell provtagning genomfdérs

Detta erbjuds via kardiogenetiska mottagningar som numera
dven finns pa en del regionala sjukhus och inte enbart vid
universitetssjukhus

Det ar upp till varje individ att avgéra om en genetisk analys
ska goras eller ej. Fér barn galler malsman

I Sverige ansvarar probanden (det vill saga personen hos
vilken mutationen forst upptacks) sjalv for att dennes
familjemedlemmar far information om méjligheter till
presymtomatisk diagnostik




a. Till forstagradsslaktingar nar index
patient har en identifierad mutation
b. Till alla patienter med
kammarhypertrofi

c. Till forstagradsslaktingar aven
nar en genetisk variant av oklar
betydelse finns hos index




Figure 4 Flow chart for the genetic and clinical screening of

probands and relatives.

@ESC

European Society
of Cardiology

Genetic testing

\4

Definite mutation

l

Cascade genetic test <

y

Variant of

unknown/

uncertain significance

y

Do Segregation
analysis where
possible

Y A

Mutation positive + ) .
~ dlinical ; Mutaﬂan_nesauy.e u
X v
Long-term -
follow-up Discharge

HCM = hypertrophic cardiomyopathy.

Cascade genetic test = screening of first degree relatives of patients already diagnosed with HCM.

Eur Heart J, Volume 35, Issue 39, 14 October 2014, Pages 2733-2779, https://doi.org/10.1093/eurheartj/ehu284

The content of this slide may be subject to copyright: please see the slide notes for details.

, OXFORD

UNIVERSITY PRESS


https://doi.org/10.1093/eurheartj/ehu284

HCM Index Case
Targeted Gene Testing

[

et Iyt D Eftersom screeningen av

familjemedlemmar ar beroende
o D\ [ o av pqtogenicit_eten hos__ de
wp Wserlo/p e’ upptackta varianter, bor den
/ rapporterade patogeniciteten
; y bekraftas vartannat till vart

tredje ar

Klinisk screening ar inte

‘ w , ‘ indicerad hos genotypnegativa
ariant positive ariant negative o evidence of = H H H
Wiakpion | | kot Hem daposd | | ") slaktingar i familjer med

' ! genotyppositiv HCM, sdvida inte
den sjukdomsalstrande
varianten nedgraderas till

VUS/benign variant under
uppfdljningen

Steve R. Ommen et al. J Am Coll Cardiol 2020; 76:3022-3055.

2020 American Heart Association, Inc., and the American College of Cardiology

JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY



a. foljas upp arligen till 20ars
alder och darefter varje 2-5 ar
b. inte kontrolleras alls

c. fa betablockad




Recommendations

| Cascade Eenetic screaning,
after pre-test counselling, is
recommended in first-degree
adule relatives of patients with
a definite disease-causing
mutation.

Clinical evaluation, employing
ECG and echocardiography
and long-term follow-up, is
recommended in first-degree
relatives who have the same
definite disease-causing
miutation as the pmhami"

First-degree relatives who do
not have the same definive
disease-causing mutation as
the proband® should be
discharged from further
follow-up but advised o seek
re-assessment if they develop
symptoms or when new
clinically relevant data emerge
in the family.

Class

evel® Ref.”

24,175,178-180

34, 185,186,189

When no definite genetic
mutaticn is identified in the
p-r\rcnnl:reml:Id or genetic testing is
not performed, clinical
evaluation with ECG and
echocardiography should be
considerad in first-degree
adule relatives and repeated
every 2-5 years (or 6-12
monthly if non-diagnostic
abnormalities are present).

Na

168,185, 187,188

Recommendations

Class®

The children of patients with
a definite disease-causing
mutation should be
considered for predictive
genetic testing—following
pre-test family counselling—
when they are aged 10 or
more years and this should be
carried out in accordance
with international guidelines
for genetic testing in children.

a

In first-degree child relatives
aged 10 or more years, in
whom the genetic status is
unknown, clinical assessment
with ECG and
echocardiography should be
considered every |—2 years
bevween 10 and 20 years of
age, and then every 2-5 years
thereafter.

Ha

If requested by the parent(s)
or legal representative(s),
clinical assessment with ECG
and echocardiography may
precede or be substituted for
genetic evaluation after
counselling by experienced
physicians and when it is
agreed to be in the best
interests of the child.
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Vwhen there is a malignant
family history in childhood or
early-onset disease ar when
children have cardiac
symptoms or are invelved in
particularly demanding
physical activity, clinical or
genetic testing of first-degree
child relatives before the age
aof 10 years may be
considered.

e

2014 ESC Guidelines on diagnosis and management of hypertrophic

cardiomyopathy | European Heart Journal | Oxford Academic (oup.com)

Level® Ref.®

168,190,192



https://academic.oup.com/eurheartj/article/35/39/2733/853385#89324197

Rekommendationer

avseende kliniska kontroller
varierar

- Tidigare screenat familjemedlemmar efter 10 &rs alder pga debut av
klinisk HCM i tonaren/ung vuxen alder

- I de nya amerikanska riktlinjerna finns inte langre nagon nedre
aldersgrans

 Hos barn/ungdomar med patogen mutation

men inte har utvecklat sjukdomen &n, samt de fran familjer dar HCM

debuterat tidigt, rekommenderas klinisk uppféljning med EKG och ultraljud av

hjartat varje 1-2 ar

 Hos alla andra barn och ungdomar rekommenderas kontroller med 2-3 ars
intervall. Kontroller vart 3-5 ar hos vuxna

« Screeningintervallet kan :

modifieras, vid tillkomst av Age of st Degee Reatve Intition o Sceeeing Sureibarce nteval
nya Symtom e”er Chidren and adolescents from AL the time of diagnosis im ancther famdy member | Every 12y
. - peootypepostive famiy andor famiy
i familjer med elakartad with ol et HCM |
3 H Al other chikdeen and adilesconts AL a0y time after the dlagnosis in the famiy, bt | Every 23
sjukdomsutveckling [ttty il bl
Aduits AL the time of dhagnosis in anvther famdly member | Evry 38y

Steve R. Ommen et al. J Am Coll Cardiol 2020; 76:3022-3055.

2020 American Heart Association, Inc., and the Amencan College of Gardiology



CENTRAL ILLUSTRATION: Kaplan-Meier Estimates of Penetrance of Hy-
pertrophic Cardiomyopathy in the Study Cohort by Sex

Recommendations for Individuals Who Are Genotype-Positive,
Phenotype-Negative
Referenced studies that support the recommendations are

285 adult and pediatric carriers of

summarized in ‘pmhogyegﬁfg ;:Irlger:ﬁre _ Penetrance of HCM at 15-year follow-up:
' P 4°) »j.v, i L 0, _ L A0
protein variants with no | 46% (95% Cl: 38%-54%)
hypertrophic cardiomyopathy (HCM)

1. Inindividuals who are genotype-positive, Risk factors for HCM
phenotype-negative for HCM, serial clinical 100% - -
_as.ses;ment, electrocardiography, and cgrd:'ac . HR:a2.e91
imaging are recommended at penodic intervals g 75% (95% Cl: 1.82-4.65)

' 1 in chil- i
depending on age (every 1 to 2 years in chi ol T
dren and adolescents, and every 3 to 5 years g % HR: 4.02
in adults) and change in clinical status.%#-7" s (95% Cl: 2.51-6.44)
(Figure 1 and Figure 2, Table 6) T 25%

2. Inindividuals who are genotype-positive, phe- 0 p=0.001
notype-negative for HCM, participation in com- 0 5 10 15 20
petitive athletics of any intensity is reasonable. ' Follow-Up Duration (Years) TNNI3 variants

s . Number at risk . HR: 0.19

3. Inindwviduals whcla are genotype-polsnwe: — Male 141 91 45 16 5 (95% Cl: 0.07-0.55)
phenotype-negative for HCM, ICD is not recom- sy Foralis T34 106 64 2 5
mended for primary prevention 767132145

Lorenzini, M. et al. J Am Coll Cardiol. 2020;76(5):550-9.

2020 AHA/ACC Guideline for the Diagnosis and Treatment of Patients
With Hypertrophic Cardiomyopathy: Executive Summary | Circulation
(ahajournals.org)



https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000000938?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org

Framtida mojligheter

CENTRAL ILLUSTRATION Existing and Emerging Therapies for Genetic
Cardiomyopathies

Genetic vartam(s)
single coding  NON-COK mulho(o varoms
Varants {regulatory.
varants
N 25} Genetic therapies:
- *Gene replacement
Primary effects sGene silencng

*Somatic gene editing

- -mile-

loss of qun of function
function (e.g. dominant
negative, toxic)

\E—?fu } Modulators ofprimary diesease
Second;y effects D:R‘ i modulat
*Myosin ulators
«Protein stabdizers (chemical
chapercnes)
~ANt-3907EGATION AgenTs
*Modulators of protesn guality
control

=

Modulators of secondary

remodeling:

*Neurochormonal blockade, anti-
Jdrong?-: {DCM)

Aeta W

=Calcium, other signaling
pathways

sLifestyle interventions

; *Diuretics
o »Advanced iInterventions/devices)
v Surgery
*Heaxrt transplant
Heart failure

» +implantable cardo-dehbrilator
Anhylhlnhs}-"/’ *Radiofrequency ablation

=Anti-arrhythmic drugs

Helms, AS. et al. J Am Coll Cardiol Basic Trans Science. 2022;7(1):70-70.

Adam S. Helms et al. J Am Coll Cardiol Basic Trans Science 2021; 7:70-83.

2022 The Authors

Den genetiska
bakgrunden till HCM kan
Oppna vagar for
sjukdomsmodifierande
behandling

JACC

Basic to Translational Science
An Open Access Journal
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MYK-461 reduces the development of v ?’-v v
- - - - - ‘ “0‘
myocardial disarray and fibrosis in T
mouse models of HCM h 62

.
v

untreated treated

% MYK-461 reduces contractility
0] pesido s by decreasing the adenosine
T triphosphatase activity of the
cardiac myosin heavy chain.

Fibrosis area (%)

ntreated treated untreated treated EarIYI Chronic adminiStration
R03Q RSIC W of MYK-461 suppresses the
e development of ventricular
. hypertrophy, cardiomyocyte
disarray, and myocardial
fibrosis and attenuates
hypertrophic and profibrotic
gene expression in mice
harboring heterozygous
human mutations in the
untreatedR‘w:;Q treated WT my o Sin h e avy Ch ain

[=2]
(=]
1

untreated

n
=]
1

Aligned myofibers (%)
S
=3
1

treated

o
|

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC478443
5/2016



Mavacamten: Mechanism of Action

Actin thin filament
Actin-myosin cross-bridge
Myosi ik Sament [ Mavacamion ~

Normal HCM HCM Sarcomere
Sarcomere Sarcomere with Mavacamten
Normal contractility HCM Pathophysiology Attenuated hypercontractility
Effective relaxation Hypercontractility Improved compliance

AR o s et e Patienter som erholl
aktiv behandling

uppnadde det priméara

utfallet i 36,6%av fallen,

EXPLORER-HCM study design medan |

| placebogruppen var

17,2 % (P < 0,001)

Mavacamten is a targeted inhibitor of cardiac myosin that
reduces the number of myosin-actin cross-bridges and decreases contractility

Multi-national, randomized, double-blind, placebo-controlled

68 clinical sites 15mg QD
—— e | B2 CAMZYOS
obstructive - 2.5mg QD 5n g .
i HCM patient: =,
13 countries Mpsters Jf )3 — FDA approval April2022
5 * NYHA Class I/l c g ﬁ
1 0 patients enrolled - Peak LVOT gradient 250 M & M £ |7 s
s mm/Hg « bt
in the U.S. « LVEF >55% = Glicaee
" + Background medications
62 patients enrolled allowed T T /T AT T 1M
from Europe -w4 D1 wWiw2 W6 W7 W8 W12 W13 W14 W28 W29 W30 was
Dose Assessment
q 5 patients enrolled Dose Adjustment
from Israel

& MYOKARDIA @
\ 4



“~_ HYPERTROPHIC CARDIOMYOPATHY

. WHAT 1s HCM? Hrypertrophic Cardiomyopathy, (pronounced: Hyper-txd-fic Caxdio-my-opathy)
HCM, refers to a family of genetic disozders. HCM causes abnozmal cell
structure and thickening of the heart muscle. Most commonly, the disease

mvolves abnormalities in genes regulating the cardiac contractile function
and less commonly, in other genes which alter the normal functioning of
the heart muscle.

NormaL

How Common HCM is a relatively common genetic disorder affecting an
s HCM? estimated 1 in 500 worldwide. Recent data suggests it could
be as commeon as 1 in 200.

WlTHQUT SIGNS AND * Heart Murmuc « Fainting/Neacdy fainting
OBSTRUCTION SYMPTOMS:  * Shortness of breath . Chest, jaw; and neck pain
Fouy * Lightheadedness * Palpitations

Enlasgement » Family history of sudden death <55 yrs
7 v symptoms can range from extremely mild to severs

SCREENING: If you have been diagnosed
with HCM zll ficst degree
famaly members should be

Obateucsion of screened with cardiac imaging,
T and/or genetic testing, and
saving the hears . > :
check up with a cardiologsst
knowledgeable in HCAL

WiTH
OBSTRUCTION

Mip
Cavity

TREATMENT OPTIONS

Possikle
ebstruction or
| saviry sblazration

LA 1 >13em
" '
MEDICATIONS . 1)
* Beta-blockers
* Calcium channel blockers
* Norpace/Dizopyramide SEPTAL
* Antiacchythmic drugs RepucTion { * ' o
*» Divgetics Sty
* Anticoagulants S § ta) Mvact RHYTHM
* Antibiotics & 5 gy ‘a]-‘e omy  MANAGEMENT
* New medications undex oot U * Pacemakers
okt > A]col?ol Septal  «Implantable cardiovert -
v 90% may require Ablation defibullator HeM A
medication ¥20-25% may requite . Atrial Fibsillation Ablation 4 "% vty
septal reduction therapy _ 294, may require ICD 2 S ;::: 1:; .:xf:;;
v 20% may experience Atrial “b:w«./) ‘i’a lare
FOR MORE INFORMATION —— Fibrllation 2 P & % )
AND SUPPORT CONTACT: \ TRANSPLANT :‘“’d.” anly
A I shown in some.
HyperTROPHIC \ R SN ¥ Approximately 3-5%
CARDIOMYOPATHY | VSt 1607 suppaet@dban org mav require transplant
. , NJ 07834 Fl@4HCM oz ¥ requin ip

Association . (973)963-7429  M@4HCMvarson e —



Figure K1
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Coronary microvascular abnormality

Treatment: Beto-blockers?
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prevalence
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Signaling pathways
Gene expression
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Mitochondrial dysfunction
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Coronary microvascular dysfunction [lschemis, depletion of
MYOCYLe eNergy. Apoptosis, myocyte loss, fitvosis)
Tregtment: Beto-blockers
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*{LV volume %)

,‘ 21-45%

“Classic”™
Myocyte hypertrophy phenotype
Myocyte disarray F >65%
Interstitial fibrosis Prevalence: 75%
GE: 4a%,
Cardiac hypertrophy t\l'-dG(" 2%
Ireatment: Seta-blockers AN 1%
Adverse
Left ventricular outflow tract obstruction e delm‘
LVEF= SO0%-65%
Cardiac arthythmias (SVT, VES, VT/VF) Prevalence: 15%
Sudden cardiac death LGE:67%,
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Cerebrovascular avents ANE: 5-3%
Tregtment: Bete-blockers, End-stage
Ovsopyremide, IVOTOvelic], LVEF <50%
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“|F WE DIDN'T HAVE GENETIC MUTATIONS, WE
WOULDN'T HAVE US. YOU NEED ERROR TO OPEN
THEDOOR TO THE ADJACENT POSSIBLE.”

STEVEN JOHNSON




