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Diagnostika hypertrofické kardiomyopatie ~ jeji definice
2024 AHA/ACC/AMSSM/HRS/PACES/SCMR

Guideline for the Management
of Hypertrophic Cardiomyopathy

klinicka diagnoza HKMP u dospelych pacientu:

maximalni tloust’ka steny 2 15 mm kdekoli v levé komore
(typicky merena 2D echokg nebo CMR) pri absenci jiné priciny hypertrofie.

méné vyrazna hypertrofie 13-14 mm muze byt diagnostickou pro HKMP
u rodinnych prislusnikll probanda nebo v souvislosti s pozitivhim
genetickym testem.
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Diagnostika hypertrofické kardiomyopatie ~ jeji definice

2023 ESC Guidelines for the management
of cardiomyopathies

klinicka diagnoza HKMP u dospélych pacientu :

je definovana tloust’kou stény 2 15 mm v jednom nebo vice segmentech
levé komory méreno jakoukoli zobrazovaci technikou (echokg, CMR, CT)

genetické i negenetické poruchy se mohou projevovat mensim stupnéem
zesileni steny (13-14 mm); v techto pripadech diagnoza HKMP vyzaduje
vyhodnoceni dalSich parametri zahrnujicich rodinnou anamnézu,
nekardialni priznaky a znamky, abnormality elektrokardiogramu (EKG),
laboratorni testy a multimodalni zobrazovani srdce.



Diagnostika hypertroflcke kardlomyopatle ~ jeji definice

2023 ESC Guidelines for the management
of cardiomyopathies

klinicka diagnoza HKMP u prvostuprniovych pribuznych jasnych probandu:

pritomnost jinak nevysvétlitelné zvysené tloustky stény 2 13 mm v jednom
nebo vice segmentech LK, merené pomoci jakekoli techniky zobrazovani.

Pritomnost jakékoli morfologické abnormality (napf. v TDI/strain myokardu,
neuplny SAM, elongace mitralnich cipu s abnormalitami papilarnich svalu)

zvlasté v pritomnosti abnormalniho EKG zvysSuje pravdepodobnost onemocnéni
u pfibuznych jedincu.



projekce na dlouhou osu
~ moznost nadhodnoceni:
<« zavzeti struktur PK
(trabekuly, moderator band ...)
<« tangencialni fez sténou LK,
foreshortening hrotu

- integrace a srovnani projekci
na dlouhou a kratkou osu LK
k optimalizaci méreni

- méreni tloustky stény LK
idealné v SAx projekcich,
od baze k hrotu

Obrazovy archiv VFN
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SEGMENT BASAL MID-VENTRICULAR APICAL

PITFALLS Erroneously including Underestimating hypertrophy at the Missing apical
(depicted septomarginal trabeculation confluence of the mid inferior and hypertrophy, especially
by dashed and aberrant LV papillary inferoseptal wall. Overestimating lateral wall (dotted line

lines) muscles in measurement wall thickness by including RV with arrows)

trabeculation papillary muscles

APPROACH Exclude these components at Carefully visualise this area. Clue in often abnormal ECG.
(depicted their attachments using Exclude these components at Look for ‘akinetic’ apex.
by solid continuation of endo- and their attachments using Use contrast to confirm
lines) epicardial curve (dotted lines) continuation of endo- and

epicardial curve (dotted lines)

Turvey L et al., Echo Res Pract 2021;8: G61



Hodnoceni pritomnosti zesileni steny LK

obtizna vizualizace predni, anterolateralni stény a hrotu LK

© MRI hodnoceni

Obrazovy archiv VFN Maron M et al., JACC 2009;54
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Sigmoidal Reverse curve ' Neutral
HCM HCM HCM
40 - 50% 30 - 40% ~10%

~ 10% Myofilament ~ 80% Myofilament ~ 30% Myofilament ~ 40% Myofilament
Gene + Gene + Gene + Gene +

Binder J et al., Mayo Clin Proc 2006;81



HKMP- typy hypertrofie LK

reverzni zakriveni IVS

121122012 14:46:43 neutra, I nll
G- hypertrofie IVS

Obrazovy archiv VFN
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HKMP- typy hypertrofie LK

koncentricka hypertrofie LK hypertrofie hrotu LK

Obrazovy archiv VFN
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HKMP- typy hypertrofle LK

mala regionalni hypertrofie v atypické lokalizaci; hodnoceni dalsich parametru (EKG) !
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kauzalni mutace v genu pro MYH7

Obrazovy archiv VFN



HKMP: aneuryzma hrotu levé komory
3-5% nemocnych s HKMP, klinicky a prognosticky vyznam

Obrazovy archiv VFN

Event Rate (%/Year)

With aneurysm (n=93)
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HCM-related HCM Mortality Arrhythmic Heart Failure Thromboembolic
Adverse Events Events Events Events*

B without aneurysm (n=1847)

Rowin EJ et al., JACC 2017,69: 761
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HKMP: obstrukce levé komory

« dynamicka obstrukce ~ zavislost na afterloadu / preloadu, kontraktilité

 pritomnost obstrukce: gradient > 30 mmHg
vyznamna obstrukce: gradient > 50 mmHg

« klidova obstrukce (30-50%) = provokovana obstrukce (60-70%)
provokace latentni obstrukce: Valsalva manévr, zatezova echokardiografie

» lokalizace obstrukce: LVOT / midventrikularne / midventri - az apikalné

detekce (vyznamné) obstrukce — vyznam pro terapii a prognézu HKMP !



HKMP: dynamické obstrukce LK

CW Doppler

~dagger-shaped”

Obrazovy archiv VFN
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HKMP: abnormality mitralniho aparatu

elongace predniho cipu, bifidni papilarni sval (A,D),
elongace zadniho cipu, anomalni hlava anterolateralniho papilarniho svalu (B,E),
elongace obou cipl, abnormalni chorda na predni cip (C, F)

= dulezité pro volbu nefarmakologické terapie

Sherrid MV et al., JACC 2016;67: 1846



HKMP: abnormality mitrélniho aparatu - echokg

anteriorni / apikalni posun papilarnich svalu, bifidni papilarni sval,
anomalni upon papilarniho svalu prfimo na predni cip, hypermobilni papilarni svaly,

T 12:43

1 7 MHz JHH
H 110 7
;0

Obrazovy archiv VFN



HKMP: abnormality mitralniho aparatu - echokg

anteriorni / apikalni posun papilarnich svalu, bifidni papilarni sval,

Obrazovy archiv VFN



- Fabryho choroba

- Danonova choroba
- PRKG2 syndrom

- mitochondriopatie

Hypertenzni hypertrofie LK

Sportovni srdce

Diferencialni diagnostika HKMP

Nesarkomerické fenokopie HKMP u dospélych:
- amyloidoza

MYL3
TPMI

TNNI3

TNNT2

MYH7

MYBPC3

Other genetic and
non-genetic causes

Sarcomeric protein

* Danon

+ AMP-Kinase (PRKAG2)

+ Carnitine disorders

+ Lysosomal storage diseases
* Anderson-Fabry

* Neuromuscular diseases
* Friedreich’s ataxia
* FHLI

+ Mitochondrial diseases

+ MERFF

* Wild type TTR (senile)
* AL amyloidosis
* Newborn of diabetic mother

* Drug-induced
* Tacrolimus
* Hydroxychloroquine
+ Steroids

ESC HCM Guidelines 2014
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Echokg: HKMP vs. sportovni srdce

« HKMP  Sportovni srdce
- LVEDD < 45 mm - LVEDD > 55 mm

-1IVS > 16 mm - 1IVS <13 mm
- asymetricka hypertrofie IVS - regrese LVH

- neobvykly typ LVH pri zastaveni tréninku

- LVOT obstrukce - absence obstrukce

- diastolicka dysfunkce LK - norm. diastolicka funkce LK
-1 dilatace levé siné - dilatace leve sine +

Wasfy MM et al., Curr Op Cardiol 2015;30: 500 Obrazovy archiv VFN
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Echokg: HKMP vs. hypertenzni hypertrofie LK

« pritomnost znamek podporujicich HKMP:
- tloustka stény LK > 18mm (> 16 mm)
- jasne asymetricky typ hypertrofie LK
- v8echny / vétSina segmentu LK nevykazuji stejnou / podobnou tloustku
- nesouvislé oblasti fokalni hypertrofie
- neobvykly typ LVH: apikalni HKMP, ...
- vyrazna LVH disproporcni hodnotam TK
- pfitomnost SAM / LVOT obstrukce

- regrese LVH v dusledku antinypertenzni |éCby

Maron MS et al., Circ CV Imaging 2017; 10:e005372



Nesarkomericke fenokopie HKMP: amyloidova kardiomyopatie

difuzni / asymetrické zesileni stén levé komory
zachovala / hrani€ni / snizena EF LK
Ll longitudinalni kontrakce st&n u pfi zachovalé EF LK (MAPSE, GLS, apical sparing)
diastolicka dysfunkce I-1ll, (bi)atrialni dilatace
zesileni stén pravé komory, sini, IAS

kombinace s EKG a extrakardialnimi znamkami choroby (sy karpalniho tuneluy, ...)

Obrazovy archiv VFN



Nesarkomericke fenokopie HKMP: Fabryho choroba

koncentricky typ hypertrofie u vétsSiny jedincu, prominentni papilarni svaly
dilatace korene aorty, zesileni chlopennich cipu
fibréza LK posterolateralné — regionalni akineze /zeslabeni stény

"

end-stage systolicka dysfunkce LK u nékterych jedincu

kombinace s EKG, MRI a extrakardialnimi znamkami choroby
(renalni postizeni, kozni projevy, ...)!

Obrazovy archiv VFN



Dynamicka obstrukce LVOT: i nesarkomerické HKMP...

Fabryho choroba Divoka forma ATTR amyloidézy

Obrazovy archiv VFN
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Echokardiografie a diferencialni diagnostika HKMP

2023 ESC Guidelines for the management
of cardiomyopathies

Finding Specific diseases to be considered

Increased interatrial septum thickness Amyloidosis

Increased AV valve thickness Amyloidosis; Anderson—Fabry disease

Increased RV free wall thickness Amyloidosis, myocarditis, Anderson—Fabry disease, Noonan syndrome, and related disorders
Mild-to-moderate pericardial effusion Amyloidosis, myocarditis/myopericarditis

Ground-glass appearance of ventricular myocardium Amyloidosis

on 2D echocardiography

— e -

difuzni hypokineza LK —» sﬁspekce na nesarkomerickou fehokopii

Concentric L\

Extreme conc

Global LV hypokinesia (with or without LV dilatation) =~ Mitochondrial disease, T TR-related amyloidosis, PRKAGZ2 variants, Danon disease, myocarditis, advanced

sarcomeric HCM, Anderson—Fabry disease, Friedreich ataxia
RVOTO Noonan syndrome and associated disorders

Apical sparing pattern on longitudinal strain imaging Amyloidosis



HKMP: systolické funkce levée komory

u vétsiny jedincud je normalni
az hyperdynamicka ejek¢ni frakce LK u 4-9% je ejekcni frakce LK < 50%

Obrazovy archiv VFN
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HKMP: systolicka funkce levé komory

Prognosticky vyznam HKMP s EF LK < 50%

Total HCM Without LVSD HCM-LVSD Adjusted HR

Events at Any Time (n=6793), n (%) (n=6240), n (%) (n=553), n (%) (95% CI)* P Value
NYHA class i1V 1121 (16.5) 922 (14.8) 199 (37.3) 2.0(1.7-2.4) <0.001
All-cause death 554 (8.2) 416 (6.7) 138 (25.0) 1.8(1.5-2.2) <0.001
Cardiac transplantation 110(1.6) 46 (0.7) 64 (11.6) 11.0 (7.5-16.2) <0.001
LVAD implantation 15(0.3) 4(0.1) 11(2.0) 26.5(8.2-85.7) <0.001
Sudden cardiac death 90 (1.4) 70 (1.2) 20(3.9) 3.9(2.4-6.3) <0.001
ICD implantation 1646 (24.2) 1345 (21.6) 301 (54.4) 2.2 (1.9-2.5) <0.001

Appropriate ICD therapy 239(14.5) 163 (12.1) 76 (25.2) 1.6(1.4-1.8) <0.001
Atrial fibrillation 1494 (23.2) 1229 (20.9) 265 (49.3) 2.1(1.8-2.4) <0.001
Stroke 116 (2.8) 88 (2.3) 28 (8.4) 2.5(1.9-3.3) <0.001

SHaRe Registry, Marstrand P et al., Circulation 2020;121: 1371
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Echokardiografie: rodinny screening u HKMP

Genetic testing in proband

l
IR—— G+/P- jedinci nebo jasna familiarni choroba:
— — 1 ] echokg a EKG & 1-3 roky od 10 do 60 let véku,

P/LP variant vUS No variant/genetic

testing notlperformed poté a, 3-5 Iet

Reconsider
other causes

Cascade clinical © Segregation  Cascade clin
 and genetic testing =~ +— analysis/functional ~ ——>
(Class 1) y studies where possible

( Variant status )

Bez nalezu P/LP varianty
nebo bez provedené genetiky:

( Phenotype )

|

—— [ — echokg a EKG a 1-2 roky od 10 do 20 let véku,
Va'iz.n 2||i)r::i’zi;|ive Variant negativ Ca;c::r:r;);;izthy Normal pOté a, 2_5 |et;
i l"’ l I I mozno ukondit po 50. roce Zivota
o Discharge [ eﬁiffﬁf:fvig
?c::s-lll)P ¥) (T — _ (Chass |;) y %Class lla)

ESC Guidelines for cardiomyopathies 2023
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Echokardiografie: preklinicke znamky HKMP u G+/P- ?

PW-TDI

12 G+/P- pts a 12 zdravych kontrol
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M+ LVH- Controls M+ LVH- Controls
Base Follow-up Base Follow-up Base Follow-up Base Follow-up

6 G+/P- pts vyvinulo IVS > 13 mm béhem 2 let

Nagueh SF et al., Circulation 2003;108: 395

2D-GLS

16 G+/P- pts

Variable Phen— at Follow Up (N=11)  Phen+ at Follow-Up (N =5) p
Female sex (%) 27 20 0.755
Age at first evaluation (years) 15+38 30 +8 0.005
Maximal wall thickness (mm) 8+1.1 10+ 0.5 0.025
Left ventricular ejection fraction (%) 64 +4 67 +2 0.096
E/E’ septal 72+14 92+15 0.023
E/FE’ lateral 61+16 64+14 0.685
E'/A’ septal 1.74+06 13+08 0.246
E’/A’ lateral 20£06 17+£07 0.324
Global longitudinal strain (%) —23+1.1 —-198+04 <0.0001
Strain rate during isovolumic relaxation (1/s) 040+ 0.11 0.28 £ 0.5 0.048

5 G+/P-pts vyvinulo LVH béhem 8+5 let

Canciello G et al., Int J Mol Sci 2024;25: 8128




Echokardiografie: preklinické znamky HKMP u G+/P-

PW-TDI
4 centra, 230 G+/LVH- jedinct ze 128 rodin, follow-up 5+3 let

LA diameter, mm 34+8 346 3218 0.94
Ejection fraction, % 62+6 6d+2 64+6 0.23
Max. LV thickness, mm 942 1042 912 0.28
LVED, mm 4447 4416 4448 0.34
TDI septal (n=151), cm/s 11.2£2.5 11.3+1.4 10.8+2.7 0.32
TDI lateral (n=130), cm/s 14.5£3.6 15.5£3.3 14.1£3.8 0.11
Follow-up characteristics
TDI septal (n=129), cm/s 114433 11+2.2 10.1£26 0.23
TDI lateral (n=125), cm/s 16.4+4.9 15.1£34 16.6+5.1 0.41

Maurizi M et al., Circulatipn 2019;139: 830
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Echokardiografie: preklinicke znamky HKMP u G+/P- ?

2DS-GLS

120 G+/P- pts a 120 zdravych kontrol

.:;Est :%&.:;E:.
1 ]
Mutation carriers Controls

HCM during follow-up (5.6 + 2.9 years)
Variable

Age (years)

Female sex, n (%)

Rombhilt-Estes =4, n (%)
Pathological Q wave, n (%)
T-wave inversion, n (%)

Maximal wall thickness (mm)

Left atrial dimension (mm)

Left ventricular end-diastolic diameter (mm)
E wave (m/s)

A wave (m/s)

E/A ratio

Deceleration time (ms)

e’ (cm/s)

E/e’ ratio

Abnormal diastolic function, n (%)
Global longitudinal strain (%)
Basal longitudinal strain (%)
Mid-LV longitudinal strain (%)
Apex longitudinal strain (%)

LVEF (%)

Yes (n=13)
45+ 18

6 (46)

2(15)

2(15)

1(8)
106+14
T +h
46+5

0.77+0.16

0.57+0.17
1.49+0.52
176+ 31
90+27
8.8+17
3(23)
-214+25
-204+3.0
-212+29
-25.4+31
63+5

Velzen van G. et al., Neth Heart J 2019;27: 117

No (n=67)
39+13
48 (72)
5(8)
1(2)
0(0)
03+18
36+4
46+5
0.77+0.18
0.57+017
1.48+0.58
180+ 46
04+25
85+21
7(11)
-21.5+23
-20.3+3.5
-21.7+25
-240+3.6
60+5

p-value
0.15
0.07
0.36
0.02
0.02
0.01
0.26
0.89
0.94
0.99
0.97
0.81
0.62
0.58
0.25
0.81
0.93
0.53
0.21
0.08



Age
Unexplained syncope
- |V outflow gradient
s Maximum LV wall thickness
ml> | eft atrial diameter
NSVT
Family history of SCD
sl |V systolic function

Extent of myocardial scar

l

Low risk . High risk
5-year risk <4% HCH-risic scores 5-year risk 26%

I I

Intermediate risk
> | clinical risk factors? .
5-year risk 24 to <6%

I ] |

ICD ICD ICD ds:;:;
(Class lIb) (Class llb) (Class lla) making

klinické RF: LGE (> 15%), EFLK < 50% <
ESC Guidelines for cardiomyopathies 2023
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Echokardiografie a stratifikace rizika SCD u HKMP

At least 1 of the
following: 5-Year risk
. FH SCD* estimate for

UNIVERZITY KARLOVY V. PRAZES > —wsn - —— b
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An ICD is reasonable

sl « Massive LVH* YES shared decision- —» 2a)
« Unexplained syncope* making
mll- « Apical aneurysm (2a) A
el « EF <50%
Child
5-Year risk iaren . P
estimate for Masivni LVH:
st ision- PR i
iy Ly >30mm v jakémkoli segmentu LK
m (2a) Adults

Extensive LGE on CMR | YES |

.

An ICD may be considered

(No ]

(2b)

AHA HCM Guidelines 2024
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Vztah tize hypertrofie LK a rizika SCD u HKMP

480 konsekutivnich pts s HKMP 3673 HKMP pts
- = © |
g 2 18.2 E
o _ 187 £ oA
0 5 16 2 =4
&5 144 z ~-
52 124 11.0 Q © -
s O w
w a 10' ‘5 ) -
© § 8 74 é <
S £
g ;l- 2.6 % N
E 0- 0 (=
<15 16-19 20-24 25-29 =30 0 5 10 15 20 25 30 35 40 45
Maximal wall thickness (mm
Maximal Left-Ventricular-Wall )
Thickness (mm) ==.== NSVT=0; Syncope=0 e NSVT=0; Syncope=1

NSVT=1; Syncope=0 =—=—==- NSVT=1; Syncope=1

Spirito P. e al, NEJM 2000;342: 1778 O’Mahony C. et al., Circ AE 2016;9: e003818
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Echokardiografie hraje stale zasadni roli v diagnostice,
diferencialni diagnostice, dlouhodobém sledovani, prognostické
stratifikaci i rodinném screeningu hypertrofické kardiomyopatie.

Krome jejich nezpochybnitelnych prednosti je vSak nutné myslet
| na jeji limitace (predevsim presné hodnoceni pfitomnosti a tize
hypertrofie LK).
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Dekuji za pozornost !



