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Morphological and functional traits used to
describe cardiomyopathy phenotypes

Morphological traits
Ventricular hypertrophy: left and/or right

Ventricular dilatation: left and/or right

Non-ischaemic ventricular scar and other myocardial tissue characterization
features on cardiac magnetic resonance

Functional traits

Ventricular systolic dysfunction (global, regional)

Ventricular diastolic dysfunction (restrictive physiology)

Arbelo et al. Eur Heart J. 2023 Aug 25;ehad194. doi:10.1093/eurheartj/ehad194.
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e General 0 Phenotype-

management principles

Phenotype

specific management

Symptom management

* Drug therapy
* Mechanical circulatory
support/transplantation

Family screening and

genetic risk to relatives

* Genetic testing and counselling

+ Family screening and monitoring : '

* GDMT for HF symptoms

- Aetiology-specific SCD
risk prediction

Prevention of disease-
related complications

-SCD —ICD
- Stroke — thromboembolic
prophylaxis

Lifestyle

* Exercise recommendations

+ Pregnancy

* School, employment,
psychological support

Arbelo et al. Eur Heart J. 2023 Aug 25;ehad194. doi:10.1093/eurheartj/ehad194.



DILATED CARDIOMYOPATHY



Definitions — dilated cardiomyopathy

« Dilated cardiomyopathy (DCM) is defined as the presence of LV
dilatation and global or regional systolic dysfunction unexplained
solely by abnormal loading conditions (e.g. hypertension, valve
disease, CHD) or CAD.

« Very rarely, LV dilatation can occur with normal ejection fraction (EF) in
the absence of athletic remodelling or other environmental factors; this
IS not In itself a cardiomyopathy, but may represent an early
manifestation of DCM.

Arbelo et al. Eur Heart J. 2023 Aug 25;ehad194. doi:10.1093/eurheartj/ehad194.



DCM definitions

 Left ventricular dilatation is defined by LV end-diastolic
dimensions or volumes >2 z-scores above population
mean values corrected for body size, sex, and/or age.

* For adults (ECHO)

— LV enddiastolic diameter >58 mm in males and >52 in females
— LVEDV index of 275 mL/m?2 in males and =262 mL/m? in females

* LV global systolic dysfunction is defined by LVEF <50%

Arbelo et al. Eur Heart J. 2023 Aug 25;ehad194. doi:10.1093/eurheartj/ehad194.



Echocardiography




Typical DCM CMRI appearance

Midwall LGE (present in 30% patients)

White JA, Patel MR.
Cardiol Clin. (2007)

Imaging source: General University Hospital, Prague, CZ



Genes assoclated with isolated cardiac

Involvement and DCM
Titin (TTN) ~20-25% of familial DCM - AD mode

Lamin A/C (LMNA) ~6% ; AD mode; associated with AVB and

VA; can also cause Limb-Girdle myopathy

Myosin heavy chain (MYH?7) ~4% ; AD mode
Troponin T (TNNT2) ~2% ; AD mode
Myosin binding protein C (MYBPC3) [GZAZRus\PN1lele !

RNA Binding Motif-20 (RBM20) ~2% ; AD mode

Myopalladin (MYPN) ~2% ; AD mode
Sodium channel alpha unit (SCN5A) [BZLL AP R i[e]e [

BaCl2 associated athanogene 3 ~2%; AD mode
(BAG3)

Phospholamban (PLN) ~1% ; AD mode; low QRS voltage on ECG



High-risk genotypes and associated predictors
of sudden cardiac death

Gene
LMNA (Lamin A/C)

FLNC (filamin C) —
truncating variants

TMEMA43 (Transmembrane
protein 43)

PLN (phospholamban)

DSP (desmoplakin)

RBM (RNA binding motif
protein)

Annual SCD rate
5-10%

5-10%

5-10%

3-5%

3-5%
3-5%

Predictors of SCD

Estimated 5-year risk of life-threatening arrhythmia using
LMNA risk score
(https://Imna-risk-vta.fr)

LGE on CMR; LVEF < 45%

Male
Female and any of the following: LVEF <45%; NSVT,
LGE on CMR; >200 VE on 24h Holter ECG

Estimated 5-year risk of life-threatening arrhythmia using
PLN risk score
(https://plnriskcalculator.shinyapps.io/final_shiny)

LVEF < 45%; LGE on CMR; NSVT

LGE on CMR; LVEF < 45%
LGE on CMR; LVEF < 45%
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Dilated cardiomyopathy

Genetic

|

Cardiac phenotype:

titin (TTN)

lamin A/C (LMNA)
myosin heavy chain
(MYH7)

troponin T (TNT2)
Myosin binding
protein C
(MYBPC3)
phospholamban
(PLN)

Neuromuscular

disorders:

Duchenne
muscular
dystrophy
Becker muscular
dystrophy

Infection

Post-myocarditis:

Enteroviruses
(e.g.,
Coxsackieviruses),
Parvovirus B19
Adenoviruses,
Herpes Viruses
(Human
Cytomegalovirus,
Epstein-Barr virus,
Human
Herpesvirus 6),
Echoviruses,
Hepatitis C Virus,
Influenza A virus

Other:
[e.g. HIV, Chagas]

\ 4

Systemic immune-
mediated disease

!

Autoimmune:

*  Rheumatoid arthritis

* Coeliac disease

*  Systemic lupus
erythematosus

*  Dermatomyositis,
polymyositis

*  Systemic sclerosis

*  Primary biliary
cirrhosis

*  Vasculitis (some)

*  Myasthenia gravis

*  Pemphigus,
pemphigoid

Autoinflammatory:

[e.g. Chron disease,

ulcerative colitis, gout,

reactive arthritis, rare

monogenic disorders]

Seferovi¢ et al. European Journal of Heart Failure (2019)21, 553-576

Toxic and
overload

Alcohol
(ethanol)
Cocaine
Amphetamines
Ecstasy
Anabolic
steroids
Arsenic

Cobalt
Carbon-
monoxide

Lead

Iron-
overload/haem
ochromatosis
Amyloidosis

A 4

Drugs

!

Chemotherapy:
[anthracycline,
trastuzumab,
antimetabolites,
alkylating agents,
monoclonal antibodies,
tyrosine kinase
inhibitors,
immunomodulating
agents]

Other:

[clozapine, olzapine,
chlorpromazine,
risperidone, lithium,
trycyclic
antidepressants,
ephedrine

all-trans retinoic acid
phenothiazines]

Endocrine/
metabolic

Diabetes
mellitus,
Acromegaly
Pheochromocy
toma

Thyroid gland
dysfunction

Peripartum

|

Idiopathic
cardiomyopathy
presenting with

HFrEF towards
the end of
pregnancy, orin
the months
following
delivery, where
no other cause
of HF is found




NON-DILATED LEFT VENTRICULAR
CARDIOMYOPATHY (NDLVC)
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DCM Clinical Spectrum

\

Preclinical or Early Phase Clinical Phase

(Relative of patients with DCM or Hypokinetic Non Dilated CM)

S Isolated Arrhythmic CM Hypokinetic Non Dilated CM Dilated CM
(Meu’:::,::S:::er 'Ventn(t[:::::nz::atlou il o (Hypokinesia/no Dilation) (LV Dilation + Hypokinesia)
Hnati
A duction def
and/or AHA positive) Hypokinesia)* A e uctn:n G (HNDC or DCM,, ) (DCM, )
(no LV abn, % arrhythmia) (DCM Non-dilated left
D-NH, with or .
; ventricular
(DCMNQ-NH-MMHAJ without muMAHA+) (DCMND-NH-AICD,w)ith Cal'd | OmyOpathy
or without mut+AHA+
(NDLVC)
Progressive expression of the phenotype
——

*Shown by two independent imaging modalities, “mutation carrier or not; anti-heart autoantibody (AHA) positive or negative



Definitions - Non-dilated left ventricular
cardiomyopathy (NDLVC)

 NDLVC phenotype is defined by the presence of non-ischaemic LV
scarring or fatty replacement in the absence of LV dilatation, with or
without global or regional wall motion abnormalities, or isolated global LV
hypokinesia without scarring (as assessed by the presence of LGE on
CMR) that is unexplained solely by abnormal loading conditions
(hypertension, valve disease) or CAD.

* Global LV systolic dysfunction is defined by abnormal LVEF (i.e. <50%).

« The NDLVC phenotype will include individuals that up until now may have variably been
described as having DCM (but without LV dilatation), arrhythmogenic left
ventricular cardiomyopathy (ALVC), left dominant ARVC, or arrhythmogenic DCM
(but often without fulfilling diagnostic criteria for ARVC)

Arbelo et al. Eur Heart J. 2023 Aug 25;ehad194. doi:10.1093/eurheartj/ehad194.



Arrhythmogenic LV cardiomyopathy

Myocarditis ?

45%;

38-year old man with symptoms of palpitations, LVEF 40

Mild LV systolic dysfuncion + VT
— think about ALVC (and sarcoidosis) !
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Examples of
non-dilated left
ventricular
cardiomyopathy
phenotypes and
their
aetiological
correlates.

Arbeloet al. Eur Heart J. 2023 Aug 25;ehad194. doi:10.1093/eurheartj/ehad194.



HYPERTROPHIC CARDIOMYOPATHY



Hypertrophic cardiomyopathy?

Presence of increased left ventricular (LV) wall thickness
(with or without RV hypertrophy) or mass that is not solely
explained by abnormal loading conditions.

In an adult 215 mm in one or more LV myocardial segments—
by any imaging technique

~ In relatives 213 mm
~ Genetic & nongenetic disorders 13-14 mm

In children > 2 SD of the predicted mean

(z-score >2)
Elliott et al. Eur Heart J. 2014 Oct 14,;35(39):2733-79.
Arbelo et al. Eur Heart J. 2023 Aug 25;ehad194. doi:10.1093/eurheartj/ehad194



Classical Cause of LVOTO

3:00:24

20/10/2015 13:01:27

-5
| | | I 58
/66.\6{;9: HR
0 Imaging: General University Hospital, Prague, Czech Republic



Exercise echocardiography

Baseline

|
[}

PGmax 14 mmHg

100 W
Q=

04 - I '
37% - obstruction at rest B T m

33% - provoked obstruction Lot | 1 "W w w
T PGmax 28 mmHg y W w "

454 m/s
p 8253 mmHg

1. Maron MS, et al. Circulation. 2006;114:2232-2239.2. Maron MS, et al. J Am Coll Cardiol. 2016;67:1399-1409.
I 3. Rowin EJ, et al. JACC Cardiovasc Imaging. 2017;10:1374-1386. 4. Elliott PM, et al. Eur Heart J. 2006;27:1933-41.

Imaging: General University Hospital, Prague, Czech Republic PGmax 83 mmHg .



Genetic causes of
cardiomyopathies

Arbelo et al. Eur Heart J. 2023
Aug 25;ehad194.
doi:10.1093/eurheartj/ehad194
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Intermediate effect variant
Population MAF <1-2%

Low familial
aggregation

Common variants (GWAS)
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Differential diagnosis of cardiac hypertrophy

Hypertensive

Heart Disease

Aortic Stenosis

Athlete’s heart

.Inf!ammatory | Immune

l' \\
’ A Y
! LE FT \ TTR Amyloidosis
Sarcomeric I,’ ‘\‘ ®

Pseudo

Hypertrophic ..’l VE NT R | CU LAR “,“ Hypertrophy @ AL Amyloidosis
Cardiomyopathy . i
HYPERTROPHY

Fabry desease .
Pompe disease ‘

\ ’ Noonan syndrome

@ LEOPARD syndrome

------

Danon disease ‘

leuromuscular . Friedreich’s ataxia

merer @)

Kearns-Sayre syndrome ‘

Aguiar Rosa....Olivotto, The International Journal of Cardiovascular Imaging (2023) 39:793-809



RESTRICTIVE CARDIOMYOPATHY
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RCM definition

» Restrictive cardiomyopathy (RCM) is a heterogeneous
group of diseases characterized by restrictive left
ventricular pathophysiology, i.e. a rapid rise in ventricular
pressure with only small increases In filling volume due to
iIncreased myocardial stiffness.

* More precisely, the defining feature of RCM is the
coexistence of persistent restrictive pathophysiology,
diastolic dysfunction, non-dilated ventricles, and
atrial dilatation, regardless of ventricular wall
thickness and systolic function.

Rapezzi et al. Eur Heart J, Volume 43, Issue 45, 1 December 2022, Pages 4679-4693,



Proposed classification of restrictive cardiomyopathy

il

Infil ve di .. Interstitial fibrosis/
B Restrictive intrinsic myocyte dysfunction

Genetic Cal'diom)’opath)’ Genetic
AT TRv amyloidosis (RCM) Primary RCM
APOA amyloidosis

Sarcomeric, cytoskeletal, nuclear
envelope, filamin, titin mutations

Pseudoxanthoma elasticum

Non-genetic Non-genetic
Radiation
Chemotherapy
Systemic sclerosis
Diabetic
Endomyocardial diseases J

Genetic Non-genetic

Desmin

@D True” RCM
@ Myocardial diseases with
occasional restrictive HES

pathaphysielagy or
mixed phenotypes

Glycogenoses

Rapezzi et al. Eur Heart J, Volume 43, Issue 45, 1 December 2022, Pages 4679-4693,



Proposed flowchart for contemporary diagnostic
work-up of restrictive cardiomyopathy.

CARDIOMYOPATHIES
-
STEP1 p DCM
Predominant cardiac
phenotype at presentation
HCM RCM

STEP 2
Precision medicine work-up

Family history, clinical assessment, ECG, CMR, histological
information (especially in paediatric patients) and genetic testing

Re-evaluation of disease evolution at 6 months

* Endomyocardial fibrosis

Q DCM

STEP 3 * Hypereosinophilic syndrome
Clinical reassessment during * Sarcoidosis
* Cardiac amyloidosis
Tollow-up * Genetic

* Radiation-induced

* Carcinoid heart disease

* Haemochromatosis

* Pseudoxanthoma elasticum

Rapezzi et al. Eur Heart J, Volume 43, Issue 45, 1 December 2022, Pages 4679-4693,




ARRHYTHMOGENIC RIGHT
VENTRICULAR CARDIOMYOPATHY



Arrhythmogenic right ventricular
cardiomyopathy
* Presence of predominantly RV dilatation and/or dysfunction

In the presence of histological involvement and/or
electrocardiographic abnormalities

* The term ARVC can be used to describe the original variant
In which ventricular dilatation or wall motion abnormalities
are predominantly confined to the right ventricle, with or
without LV involvement, and the 2010 modified Task Force

criteria for the diagnosis of ARVC can be applied.

Arbelo et al. Eur Heart J. 2023 Aug 25;ehad194.
doi:10.1093/eurheartj/ehad194



Classical concepts
behind ARVC

7

cardiomyocytes

Inflammatory cell

infiltration

necrotic cardiomyocytes

Tissue remodelling/

Gene symbol

Protein name

Desmosomes
JUP

PKP2
DSP

DSG2
DSC2

Area Composita and connexome

structure
CTNNA3
CDH2
SCN6A

ANK2

TUP1

TMEMA43

Cytoskeleton

DES

LMNA

TTN

FINC

ILK

Calcium handling machinery
RYR2

PLN

Cell signaling pathways
TGFB3

Plakoglobin

Plakophilin-2
Desmoplakin
Desmoglein-2
Desmocollin-2

oT-catenin
Cadherin-2

Sodium Voltage-Gated Channel
Alpha Subunit-5

Ankyrin-B
Tight junction protein 1
Transmembrane protein 43

Desmin

Lamin A/C

Titin

Filamin C
Integrin-linked kinase

Ryanodine receptor 2
Phospholamban

Transforming growth factor-g3

Cardiomyocyte cell death/ P63 Tumor pro
\ myocardial degeneration fibro-fatty substitution j tein P63
PPP1R13L Protein phosphatase 1 regulatory
subunit 13
PNPLA2 Patatin-like phospholipase domain

Meraviglia et al. Front. Cardiovasc. Med., 20 December 2021
Sec. Cardiovascular Metabolism

containing 2



LEFT VENTRICULAR
HYPERTRABECULATION (LEFT
VENTRICULAR NON-COMPACTION)



LVNC Is no longer a cardiomyopathy per se

 The Task Force does not consider LVNC to be a
cardiomyopathy in the general sense.

* Instead, It Is seen as a phenotypic trait that can occur either
In isolation or in association with other developmental
abnormalities, ventricular hypertrophy, dilatation, and/or
systolic dysfunction.

* Given the lack of morphometric evidence for ventricular
compaction in humans the term ‘hypertrabeculation’,
rather than LVNC, is recommended, particularly when the
phenomenon is transient or clearly of adult onset.
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ECG ~

_ Morphological and
Echocardiography > " functional pattern ‘
|_, CMRI i,

Personal history

| Involvement of other organs

Degree of symptoms

Family history
Inheritance pattern

- —— - -——1

Family screening

‘ Involvement of other organs

3§ Final Diagnosis ?

Genetics > Final Diagnhosis ?
I——» Family cascade genetic screening ——I

Biochemistry

EMB > Final Diagnosis ?




