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

A Vid 24ars alder genomgick
nefrektomi pga en icke fungerande
vansternjure. Vid EKG i samband
med operationen upptacker man
EKG-forandringar

I ] ,1 Skulle ni utreda vidare?
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Ekokardiografi . Liten vansterkammare med uttalad hypertrofi septum
24mm och latt nedsatt systolisk  funktion. Inga  tecken pa utflodesobstruktion

MRT: Assymetriskt 6kad vaggtjocklek framst omfattande midventrikulara
septum , 28 mm med LVEF 49 %, bra slagvolym. Inget arr, ddem diffus fibros
inlagring eller fynd talande for Mb
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Morfar har en ICD

Mamma med hjartproblem

| Index




Arftligt

eller INTE?

// Bror till morfar dog plotsligt vid 56 ars alder

Morfar fick géra UKG
vid 544ar

| EKO: septum p& 30mm
Holter : korta VT, ICD
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Mor fick HCM diagnos
\Y ".+ vid 42 ar; dyspné
VA V2 Septum 22 mm

il 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
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Utvidga genetiska

anaylsen ¢

TRIO-sekvensering
pa patient och hans foraldrar

A Genetisk analys med Trio -exomsekvensering

heterozygot variant i ALPK3 gen,
ALPK3 (Chr15:85370829NM_020778.4:¢.903delC)
sannolikt sjukdomsorsakande enligt ACMGs
Kriterierna

ALPK3, alpha kinase 3,
kardiomyocytdifferentiation

involverad i

A Varianten har rapporterats kunna orsaka
hypertrofisk  kardiomyopati i homozygot form

A 2 publikation dartvd heterozygota diagnostiserats
med HCMisena 20 -arsaldern
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Vilket ar fel?

den vanligaste kardiomyopatin med en prevalens
paca 1/500

. den vanligaste orsaken till plotsliga ovantade

dodsfall hos unga idrottare

. 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
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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

6062014 ESC Guidelines on di aft¢
management of hypertrophic cardiomyopathy 6 6

Kriteria

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

pa 2D ekokardiografi O 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 013

Normal heart

mm

(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

1958 1962 AJ\?Z:?t of Ma;?-?gM to 1992 7 Comercial 2011
1*HCM report  Familial echo diagnosis chromosome Mutations 1995 genetic 210 genes;
(Teare) disease (M-mode) 14q1 & prognosis MYBPC3 testing > 1400 mutations
N e e S S L B e e sy s
1960 1964 1979 1990 1995 2000 2009
First 1stcomprehensive 2-D echo First HCM Prevalence |CD for SD 4 testing
myectomy dii%ﬁﬁ:;:fé;pﬁm (ﬂs':ﬁ) (1:500) Prevention labs (U.S.)
A Nedarvningsménstret ar autosomalt dominant
A Nedsatt penetrans och dven variabel expressivitet
A HCM karakteriseras som en sarkomersjukdom
A Sedan 2011 har upp till 11 sjukdomsorsakande gener med 6ver 1500
mutationer i gener som kodar for de tjocka eller tunna
myofilamentproteinerna | sarkomeren
A En sjukdomsframkallande mutation i ndgon av de i dag 11 k&nda
generna kan identifieras hos ca 3071 60% av patienterna

A 5% av patienterna har flera mutationer

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

JACC

American College of Cardiology Foundation

A (T Rl 2 LS 0 L o



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
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© 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 5311 547(2013)
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Indikationer for

molekylargenetisk
utredning

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

A att identifiera HCM  fenokopier /diffdiagnoser

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

Likely
No Mutation Likely £ (probably)

Identified Benign Benign Pathogenic Pathogenic

|
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 _ <% s
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Morner et al studerade 46 HCM patienter fran  norra Sverige
35 var sporadiska fall

Totalt 11 olika mutationer upptacktes:

A 7 i MYBPC3 (64 %),

A 2 i MYH7 (18%) och

A 1iMYL2 och 1i TNNI3gener (9%)

Mutationer identifierades i 91 % av de familjara HCM-fallen
men endasti 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

e - ~ investigatetheAigeme gat i v e of maialysleé gediatric HCM
population
Wil i cior (50 A the index patient had pediatric and early onset of HCM/CM,
and/or with a family history of A pediatric HCM/CM with severe disease progression,
el e A heredity for HCM-SCD or

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

Err...Deep sequencing?

Deep sequencing? Does it hurt?

Utdka genpanel?
Genotyping?

Whole
eXome
sequencing?

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

A 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 utdkade genetisk screening
till introniska regioner identifierade i 4 av 46
familjer (9 %)

A | pediatrisk arftlig "gen-negativ' HCM

omvardera fenotypen och utdka den genetiska med

trios, WGS/WES

A Behov av mer omfattande genetiska analyser

C vid tidig debut av kardiomyopati eller

C efter ovantad hjartdod hos unga,

C 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 plotslig hjartdéd (SCD)

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

Avariabla expressiviteten inom
och mellan familjer
A Trotthet
Aedsatt  penetrans A Dyspné
A Brostsmarta
A Palpitationer
A Presyncope eller
synkope
A scD

Symptom beror pa

A diastolisk dysfunktion

A vanster
kammaresutflodes
(LVOT) obstruktion

A mitral regurgitation ~ och

A 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 hodg puls och tryck i
brostet

2 ars anamnes pa dalig
ork

Systoliskt stravt blasljud
over hela prekordiet

Normalt blodtryck



Ekokardiografi visar b
obstruktiv  kardiomyopa

Efter myektomi




30% har utflodesobstruktion i vila
och ytterligare 30% efter provokation
De med symtom utan LVOT |

vila bor gora stresseko

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

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.

A kombination av  septal hypertrofi och
anterior forskjutning av mitralisklaffen -
SAM

A LVOTO definieras som Dopplers LV
utflode stryckgradient O3 0 mmHg
vid vila eller under fysiologisk
provokation som Valsalva T manéver

A Gradient av O50 mm Hg
hemodynamiskt betydelse

HCMW/

Note the increased left ventricular (LV) muscle wall thickness,

decreased LV lumen size, and enlarged left atrium (LA) of the

ALVOT i vila memHg &r  fetswithicn
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.




vansterkammare och fortunning LV

A

A
A

gener som ar involverade

Fysiologisk hypertrofi orsakas av
intensiv atletisk traning

Patienter med co -existerande
sjukdomar: hypertoni , aortastenos

|solerade basal
aldre personer

septal hypertrofi hos

Hypovolemi

Phenocopies - metabola sjukdomar,
syndrom, inlagringssjukdomat,
I RAS MAP-

kinasvagen orsak Noonans syndrom |
samband med LV hypertrofi

-vagg

Pathologic LVH vs Physiologic LVH

"Gray zone"” of LV wall thickness

}

Focal LWVH pattern
LV cawvity <45 mm
LV cawvity =55 mm
LA enlargement
Bizarre ECG patterns
nnnnn I Lv filling
Female gender
Family history of HCM
Thickness with deconditioning
WO t =110 percent

elelolelelolelelelo)
5
olclelelelolelofele

@ Late gadolinium enhancement @
@ Pathogenic sarcomere mutation @

Comparison of features which can be useful in distinguishing
Pathologic LWH from Physiologic LWH.

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

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.
Circulation 2006; 114:1633.
Reproduced with permission from: Maron 81, Pelliccia A, Spirito P. Cardiac
disease in young trained athletes. Insights into methods for
distinguishing athlete's heart from structural heart disease, with
particular emphasis on hypertrophic cardiomyopathy. Circulation 1995;
o91:15946.



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 SC0 has been examined ina number of studie 7 1BRDEIRIT-IN 5 0 ]t have

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

* Some risk factors appear wo be more important in younger patients, most notably, NSVTS severe LYH"and
unexplained syncope®

Man-sustined ventricular tachycardia | « MNESVT {defined as =3 consecutive ventricular beats at =20 EPM lasting <30 seconds) occurs in 20 -30% of
patients during ambubtory ECG monitoring and isan independent predic tor of SCOS7H1818
» There is no evidence that the frequency, duration or rate of N5VT influences the risk of SCD.%-

Maximum left ventricular wall * The severity and extent of LWH measured by TTE are asscciated with the riskof SC0 01T
thickness « Several studies have shown the greatestrisk of SCDVin patients with a maximum wall thickness of 230 mm but
there are few data in patients with extreme hype rtrophy (235 mm) 871201471871 117,78

Family history of sudden cardiac death While definitions vary” 0477 3 family history of SCD is usually considered clinically significant when
ata young age 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 » Syncope is common in patients with HCM but is challenging to assess as it has multiple cause s T?

» Mon-neurccardicgenic syncope for which there is no explanation after investigation is associated with increassd
Fisk of SO 71819914 146- 148
Episodes within & months of evaluation may be more predictive of SCD®

Left atrial dameter * Two studies bave reported a positive assocition between LA size and SCD7* 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).

Lefe ventricular sutflow trace « A number of studies have reparted 2 significant assackation with VOTO and SCDT81BINETLIAN Seye 1|
obsoructon uranswered questions remain, including the prognostic importance of provocable LVOTO and the impact of
treatment (medical or invasive) on SC0.

EBxercise blood pressure responss » Approximatzly one third of adule patents with HCM have an abnormal systolic blood pressure response to execiss

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,

002014 ESC Guidelines on diagnosi s
management of hypertrophic cardiomyopathy 06 0



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
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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)
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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.
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Genotyp -fenotyp relation

A Patienter som bér pd patogena sarkomera varianter:

C yngre alder

C fler fallmed HCM ifamiljen, arftlighet for plotslig hjartdéd och

C storre maximal vaggtjocklek

A Jamforelse av tjocka (MYBPC3, MHY7, MYL2) och tunna (TNNT2,
TNNI3, TPM1, ACTC) filament: mildare och atypiskt fordelad
hypertrofi i tunna filament och 6kad risk for hjartsvikt

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

A MYBPC3-varianter: mer gynnsam prognos och sendebut

A >1 sjudomsorsakande varianter tkad risk att drabbas av plotslig
hjartdod

A

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

ﬁ:p'::tm;iiLc';?;:;ﬁ;'a?h’;imcg:‘t:; aGner:‘:: Presion s YR In subjects harboring SARC-HCM-
P/ LP variant s, L
Y EEEE Y $Walltickness |
MMMMM # Concentric remodeling SARC-IND variants 2.9% had WT
'M*““M‘Mﬁ f Left atrial volume () 1 3 mm.
{ Trabeculation
rhatARRARR
IR Most individuals with
MArrAA A AR pathogenic sarcomeric
MMMMM §::: variants do not have overt
reAtaRARAR - S HCM, but a subclinical
ettt tag 5o // phenotype is associated with
rMArraaaag §° N an increased risk of adverse
"‘““;‘:ggm‘; - w{;ﬁ:““"" Wikicii M,:f ks cardiovascular events
de Marvao, A. et al. J Am Coll Cardiol. 2021;78(11):1097-1110.

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

2021 The Authors




Obstructive physiology™
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L akemedel att undvika vid

utlédesobstruktion

A Perifert vasodilaterande,
A positivt inotropa och
A diuretiska lakemedel, som alla kan forvarra en utflodesobstruktion:

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)

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

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



Icke farmakologiskt terapi

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

A aterkommande synkope och

Aett LVOT O50 mm¥#lg elleri pdovokation

Myektomi - Komplikationer

Ventrikelseptumdefekt 2% R A
Utveckling av vanstergrenblock (LBBB) eller :
fullstandigt hjartblock 5%

Alkohol - ablation - Komplikationer
C Kranskéarls dissektion ,

C Perikardexsudat

C Stor hjartinfarkt

C Komplett hjartblock
- - a0 cardiomyopathy (HCM). Right anterior oblique cranial corona
Q Kam martakyarytm ler . arytm I dod ang\ogr:pﬁy shyust (tgp \Egﬂ:) baseline appgaran:e of the f\rsir:Y

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,
4 (bottom right) contrast injection via balloon central lumen,
Pacemake rte rapl and (top right) final result with obliteration of septal
perforator without compromise or embolization of the left
Ly . anterior descending artery.
Reproduced with permission from: Baim DS. Grossman's Cardiac
Dual chamber (RA och RV) stimulering e e e o
Williams & Wilkins, Philadelphia 2006. Copyright & 2006 Lippincott
Williams & Wilkins.
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