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istorie arytmogenni kardiomyopatie prave komor

Right Ventricular Dysplasia:
A Report of 24 Adult Cases

MARY Right ventricular dysplasia is characterized by an abnormality in the development of part of
ht ventricular musculature. Patients with right ventricular dysplasia may present with ventricular tachy-
, supraventricular arrhythmias, right-heart failure o
ts with right ventricular dysplasia who had recurrent| RIGHT VENTRICULAR CARDIOMYOPATHY AND SUDDEN DEATH IN YOUNG PE
. The male/female ratio was 2.7:1. The mean age at t
patients had ventricular tachycardia of a left bundle
waves were inverted over the nght precordml leads.

ature was usually normal. In six patients who had two-dimensional echocardi At autopsy, the subjects’ heart weights were normal or
d right ventricular diastolic dimensions. All patients had right ventricular angiog moderately increased. Two main histologic patterns were
entricular dysplasia was substantiated during surgery in 12 patients and at av identified — a lipomatous transformation or a fibrolipo-
natients who did not have arrhythmias had right ventricular dysplasia diagnosed matous transformation of the right ventricular free wall

Gaerano Tuiene, M.D., Anprea Nava, M.D., Domenico Corrapo, M.D., Lino Rossi, M.D
AND NATALE PeEnnELLI, M.D.

raphy. (6 cases each); in all cases, the left ventricle was substan-
tially spared. Signs of myocardial degeneration and necro-

cus Fl et al., Circulation 1 982;85 sis, with or without inflammatory infiltrates, were occasion-
ally observed.

These findings indicate that right ventricular cardiomy-
opathy, the cause of which is still unknown, may be more
frequent than previously thought. At least in this area of
Italy, it may represent an important cause of sudden death
among young people. (N Engl J Med 1988, 318:129-33.)

Thiene G et al,, NEJM1 988;31 8
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ARVC ~ jeden ze zakladnich fenotypu KMP

= definovdna jako pfitomnost dominantni dilatace a/nebo dysfunkce pravé komory v
kombinaci s histologickym prukazem choroby a/nebo EKG abnormalitami
podle modifikovanych diagnostickych kritérii z roku 2010

RCM NDLVC

2023 ESC Guidelines for the management of cardiomyo
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Arytmogenni kardiomyopatie pravée komory

rukturalné charakterizovana progresivni nahradou myokardu pravé komory
orozni / fibrolipomatozni tkani (mozné postizeni i LK), od epikardu k endokardu

vykle se manifestuje ve 2.-4 dekadé zivota, Castéji muzi (60%)

aneticky podminéna: vétsinou AD typ dédi¢nosti
netrance ~ vék (pohlavi, fyzicka aktivita)

togenni varianty v genech kddujicich

smosomalni proteiny (PKP2, DSG2, DSP, DSC2, JUP)

s non-desmosomalnich genech (TMEMA43,DES, PLN..

zitivni geneticka diagnostika az v 60% pfipadu

tnost cca 1:2,5000-5000 (~ geograficka zavislost)

.)

Intracallular space Intracellular space

desmoglein

Desmin f[
plakophilin plakog

N I

Call mambrana

Corrado D et al., NEJM 2(
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ARVC: klinicka prezentace

palpitace ~ &etné komorové extrasystoly
synkopy — nesetrvalé / setrvalé béhy KT
nahla zastava obehu / SCD fibrilace komor

zfidka srdecni selhani komorova systolicka dysfunkce
bolestiva myokarditis hot faze choroby

(! myslet u rekurentnich myokarditic

Corrado D et al., NEJM 2(
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ARVC: diagnostika

Proposed Modification of the Task Force Criteria

Definitivni diagnéza ARVC:
2 velka kritéria
1 velké + 2 mala kritéria

afova charakteristika stény PK (EMB, postmortem) 4 mala kritéria

lobalni/regiondlni dysfunkce a strukturalni alterace pra
(echokg, MRI, invazivni ventrikulografie PK)

Hrani¢ni diagnéza ARVC:

(G repolarizacni abnormality | velké a 1 malé kritéri
velké a 1 malé kritériun

(G depolarizacni / pfrevodni abnormality 3 mala kritéria

rytmie (NSVT, SVT, KES) Mozna diagn6za ARVC:
1 velké kritérium

odinna anamnéza, genetika 2 mala kritéria

Marcus Fl et al., Circulation 2
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ARVC: diagnostika

Proposed Modification of the Task Force Criteria

Tkanova charakteristika steny PK (EMB, postmortem)

Velké kritérium

Residual myocytes <60% by morphometric analysis (or <50% if
estimated), with fibrous replacement of the RV free wall
myocardium in =1 sample, with or without fatty replacement
of tissue on endomyocardial biopsy

Malé kritérium

Residual myocytes 60% to 75% by morphometric analysis (or 50%
to 65% if estimated), with fibrous replacement of the RV free
wall myocardium in =1 sample, with or without fatty
replacement of tissue on endomyocardial biopsy

Idealné EMB navigovana eletroanatomickym voltazovym mapovanim

Marcus Fl et al., Circulation 2



ARVC: diagnostika

Proposed Modification of the Task Force Criteria

Rodinna anamnéza, genetika
Velké kritérium

ARVC/D confirmed in a first-degree relative who meets
current TFC

ARVC/D confirmed pathologically at autopsy or surgery in a
first-degree relative

Identification of a pathogenic mutation categorized as
associated or probably associated with ARVC/D in the
patient

Malé kritérium
History of ARVC/D in a first-degree relative in whom it is not
possible or practical to determine whether the family member
meets current TFC
Premature sudden death (<35 yrs of age) due to suspected
ARVC/D in a first-degree relative
ARVC/D confirmed pathologically or by current TFC in
second-degree relative

Marcus Fl et al., Circulation 2
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ARVC: diagnostika

Proposed Modification of the Task Force Criteria
EKG - depolarizac¢ni zmény

Velké kritérium

[ T o

psilon wave in the right precordial leads (V; to Vs) ' A'J'MV\:V\FI\WM i e

HMJL ! IR A e =
- MM:;JLM [t-: imr':\wr s o

Malé kritérium

potentials by SAECG in =1 of 3 parameters in the V—-\rw|w'&ﬂww¢~ﬂmiw%r”mw
nce of a QRS duration =110 ms on the standard ECG } : '

ltered QRS duration =114 ms o P . (S Y]
ration of terminal QRS <40 uV (low-amplitude signal # l MwlwwiwiWJ ‘J

Iration) =38 ms L
¥ VAMMWL’\—J\_
)ot mean square voltage of terminal 40 ms =20 pV T"*“’L”‘“J“"’J‘Mw"’m s

1inal activation duration of QRS =55 ms measured from
1adir of the S-wave to the end of the QRS, including R’, in MMWMW”M
/5, or V3, in the absence of complete RBBB :

Obrazovy archiv VFN Marcus Fl et al., Circulation 2
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ARVC: diagnostika

Proposed Modification of the Task Force Criteria

EKG - repolariza¢ni zmény

|
Velké kritérium
. . . ‘ L——»J\ﬁ’\w,/ AT NS ) R0 ISR 7 N \.W\/—ﬂ\/—m
rted T waves in right precordial leads (V4, V5, and V3) or | u
beyond in individuals >14 yrs of age (in the absence of FWW
omplete RBBB QRS =120 ms) : v
r %——'\/‘F\/——N’\/—V\/\/\,\/\/\
Malé kritérium & W«jﬁ«&
. . _— = ‘mm———-\/v\/“/\(\/-‘ﬂ(\r**/y\fw
erted T waves in leads V; and V5 in individuals >14 yrs of
> (in the absence of complete RBBB) or in Vg4, Vs, or Vg r M
erted T waves in leads V4, V5, V3, and V4 in individuals
4 yrs of age in the presence of complete RBBB &

Obrazovy archiv VFN Marcus Fl et al., Circulation 2



ARVC: diagnostika

Proposed Modification of the Task Force Criteria
Arytmie

Velké kritérium

sustained or sustained VT of LBBB morphology with superior
Xis (negative or indeterminate QRS in leads II, lll, and aVF
nd positive in lead aVL)

Malé kritérium

1sustained or sustained RVOT VT of LBBB morphology with
arior axis (positive QRS in leads Il, Ill, and aVF and negative
ead aVL) or with unknown axis

00 ventricular extrasystoles per 24 h (Holter)

Obrazovy archiv VFN Marcus Fl et al., Circulation 2



1. LEKARSKA FAKULTA

UNNWNERZITY E":J'-'l.FILG‘-.I"'E W F'Fh'l'-.EE e et

ARVC: diagnostika - echokardiografie

Proposed Modification of the Task Force Criteria

- regionalni akineze / dyskineze / aneuryzma PK (IL.ne hypokinez
- dilatace PK, snizena FAC PK

By 2D echo: Velké kritérium
® Regional RV akinesia, dyskinesia, or aneurysm
e and 1 of the following (end diastole):
— PLAX RVOT =32 mm (corrected for body size [PLAX/BSA]
=19 mm/m?)
— PSAX RVOT =36 mm (corrected for body size [PSAX/BSA]
=21 mm/m?)
— or fractional area change =33%

Malé kritérium
® Regional RV akinesia or dyskinesia
e and 1 of the following (end diastole):
— PLAX RVOT =29 to <32 mm (corrected for body size [PLAX/BSA]
=16 to <19 mm/m?)
— PSAX RVOT =32 to <36 mm (corrected for body size [PSAX/BSA]
=18 to <21 mm/m?
— or fractional area change >33% to =40%

Marcus Fl et al., Circulation 2
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ARVC: diagnostika - echokardiografie

Proposed Modification of the Task Force Criteria

- regionalni akineze / dyskineze / aneuryzma PK (Lne hypokine2
- dilatace PK, snizena FAC PK

By 2D echo: Velké kritérium
® Regional RV akinesia, dyskinesia, or aneurysm
e and 1 of the following (end diastole):
— PLAX RVOT =32 mm (corrected for body size [PLAX/BSA]
=19 mm/m?)
— PSAX RVOT =36 mm (corrected for body size [PSAX/BSA]
=21 mm/m?)
— or fractional area change =33%

Malé kritérium
® Regional RV akinesia or dyskinesia
e and 1 of the following (end diastole):
— PLAX RVOT =29 to <32 mm (corrected for body size [PLAX/BSA]
=16 to <19 mm/m?)
— PSAX RVOT =32 to <36 mm (corrected for body size [PSAX/BSA]
=18 to <21 mm/m?

] . — or fractional area change >33% to =40% _ _
Obrazovy archiv VFN Marcus Fl et al., Circulation 2
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ARVC: diagnostika - echokardiografie

Proposed Modification of the Task Force Criteria

- regionalni akineze / dyskineze / aneuryzma PK (Lne hypokine2
- dilatace PK, snizena FAC PK

By 2D echo: Velké kritérium
® Regional RV akinesia, dyskinesia, or aneurysm
e and 1 of the following (end diastole):
— PLAX RVOT =32 mm (corrected for body size [PLAX/BSA]
=19 mm/m?)
— PSAX RVOT =36 mm (corrected for body size [PSAX/BSA]
=21 mm/m?)
— or fractional area change =33%

Malé kritérium
® Regional RV akinesia or dyskinesia
e and 1 of the following (end diastole):
— PLAX RVOT =29 to <32 mm (corrected for body size [PLAX/BSA]
=16 to <19 mm/m?)
— PSAX RVOT =32 to <36 mm (corrected for body size [PSAX/BSA]
=18 to <21 mm/m?

] . — or fractional area change >33% to =40% _ _
Obrazovy archiv VFN Marcus Fl et al., Circulation 2
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ARVC: dlagnostlka echokardiografie

lokalni akineze / aneuryzma PK
— modifikované ¢i netradicni projekce na PK!

Projekce na vtok PK

Obrazovy archiv VFN



The diagnostic performance of imaging methods
in ARVC using the 2010 Task Force criteria

MRI = u ARVC zobrazovaci metoda prvé volby

criteria by echocardiography or CMR (as defined by
2010 Task Force criteria)

CMR CMR Total
negative positive
Echocardiography 21 36 57
negative (n)
Echocardiography 9 36 45
positive (n)
Total 30 72 102

Diagnostic performance for echocardiography when compared with CMR. PPV
80%, NPV 37%, sensitivity 50% and specificity 70%. P = 0.06.

Borgquist R et al., EHJ-CV Imaging :



ARVC: diagnostika - MRI

Proposed Modification of the Task Force Criteria
- regionalni akineze / dyskineze / aneuryzma PK (! ne hypokineze)

Obrazovy archiv VFN

- dilatace PK, snizena FAC PK
- neni zahrnuto LGE (tkanova charakteristika) !

Velké kritérium
By MRI:
® Regional RV akinesia or dyskinesia or dyssynchronous RV contraction

® and 1 of the following:
— Ratio of RV end-diastolic volume to BSA =110 mL/m? (male) or

=100 mL/m? (female)
— or RV ejection fraction =40%
Malé kritérium
® Regional RV akinesia or dyskinesia or dyssynchronous RV contraction

e and 1 of the following:
— Ratio of RV end-diastolic volume to BSA =100 to <110 mL/m?

(male) or =90 to <100 mL/m? (female)
— or RV ejection fraction >40% to =45%

Marcus Fl et al., Circulation 2
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ARVC: diagnostika — Padovska kriteria ACM

rpho-functional
ntricular abnormalities

ructural myocardial
normalities

epolarization
normalities

Minor

Major

kritéria pro ARVC

Major IV. Depolarization Minor
« Regional RV akinesia, dyskinesia, or bulging abnormalities  Epsilon wave (reproducible low-amplitude
plus one of the following: signals between end of QRS complex to onset
- Global RV dilatation (increase of RV EDV of the Twave) in the right precordial leads
according to the imaging test specific (V1 to Vs)
nomograms for age and sex) « Terminal activation duration of QRS >55 ms
- Global RV systolic dysfunction (reduction measured from t.he nadir of the S wave to the

ding R’, in V4, Vo, or V3

of RV EF according to the imaging test
mplete RBBB)

specific nomograms for age and sex)

« Regional RV akinesia, dyskinesia, or aneurysm
1l

extrasystoles (>500 per
or sustained ventricular
orphology

o Transmural LGE (stria pattern) of >1 RV
region(s) (inlet, outlet, and apex in two
orthogonal views)

extrasystoles (>500 per
or sustained ventricular

Major

Major

Minor

orphology with inferior

« Fibrous replacement of the myocardium in >1
sample, with or without fatty tissue

« Inverted T waves in right precordial leads
(V4, V2, and V3) or beyond in individuals with
complete pubertal development (in the
absence of complete RBBB)

hAtive who meets diagnostic criteria
topsy or surgery in a first-degree relative
ely pathogenetic ACM mutation in the patient under

tive in whom it is not possible or practical to determ
C criteria

b of age) due to suspected ACM in a first-degree relat
» ACM confirmed pathologically or by diagnostic criteria in second-degree relative

 Inverted Twaves in leads V; and V; in
individuals with completed pubertal
development (in the absence of complete
RBBB)

« Inverted Twaves in V4, V5, V3, and V4 in
individuals with completed pubertal

development in the presence of complete RBBB Obrazovy archiv VFN Corrado D et al., Int J Cardiology 2
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ARVC: diagnhostika — vyznam EKG !

nejcasneéjsi manifestace ~ obvykle EKG zmeény

U

strukturalni abnormality ~ echokg, MRI

diagndza zalozena jen na zobrazovacich metodach, s
kompletné normalnim EKG
— podezrelé...

Haugaa KA et al., EHJ-CV Imag
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ARVC: management
v’ zabranit progresi choroby
v'ovlivnit symptomy

v’ zabranit komplikacim ~ prevence SCD (sekundarni, primarni)

ARVC ~ jedna z nejCastejsich pricin SCD
u mladych jedincu, zvlasté sportovcu

2023 ESC Guidelines for the management of cardiomyo
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ARVC: prevence progrese choroby

restrikce sportovni zatéze ! ~ redukce progrese jiz diagnostikované choroby
(KT, srdeCni selhani)

~ oddaleni fenotypické exprese u G+/P- jedincu

g_ )

< 650 MET hodin/rok ~ 30 minut svizné chuze denné

& I TFC = 4 points 3 Bl vivE
1.0 B vFC < 4 points B o v
2 ~INon-athlete
w ~Athlete 9 3
E 0.8+
]
2 g 8 ]
® 0.6 5
7] b =
3 =
- g e 24
= 0.4+ &
= 3
g g
2 Z e 2
5 07
2
> o .l
w
0.0 Log-rank (Mantel Cox) 6.2, p=0.01
| I I [ I I I I | [ I
0 10 20 30 40 50 60 70 80 90 100
. <650  650-1500 1500-3300  >3300 <650°  650-1500 1500-3300  >3300
Age In years Average MET-Hours/year Average MET-Hours/year

James CA et al., JACC 2013;62 Wang W et al., Europace 2020;22
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ARVC: ovlivhéni symptomu - antiarytmika

li? EiSafety and efficacy of flecainide associated ~ Mias Recommendations Class® | Le
A with beta-blockers in arrhythmogenic right y

A ventrlcular cardlomyopathy Beta-blocker therapy is recommended in ARVC -

tarsdaMe patients with VE, NSVT, and VT.77%
Mal ebb) FuA6j6a260R)32;24 C195% p-value Amiodarone should be considered when regular

B _ beta-blocker therapy fails to control
W Negative PVS
u Positive PVS arrhythmia-related symptoms in patients with

ARVC.921 90

i Flecainide in addition to beta-blockers should be

lla

100%
90%

80%
CTMOIAR; Ta7250400) considered when single agent treatment has failed to ™
70%

control arrhythmia-related symptoms in patients
with ARVC.7#37%4

Catheter ablation with availability for epicardial

60%
50%

40%
TS approach guided by 3D electroanatomical mapping

of VT should be considered in ARVC patients with
incessant VT or frequent appropriate ICD

30%

20%
i i 0%

PVC at baseline PVC with flecainide Baseline With flecainide therapy Wlth beta—blockers

P < 0.0001 P <0.001

lla

interventions for VT despite pharmacological
925,929-934

2023 ESC Guidelines for the management of cardiomyo
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ARVC: prevence SCD (~ implantace ICD)

v' Znamky vysokého rizika:
- synkopa (arytmicka)
- nesetrvala KT
- EF pravé komory < 40%
- EF levé komory < 45%

- indukovatelna setrvala
monomorfni KT pfi EFS

Recommendations Class? Level®

Secondary prevention

An ICD is recommended to reduce the risk of
sudden death and all-cause mortality in patients with
ARVC who have survived a cardiac arrest or have |

recovered from a ventricular arrhythmia causing
939,943,944,948,949

haemodynamic instability.
An ICD should be considered in ARVC patients who

have suffered a haemodynamically tolerated lla B
\/T 522.939,943-945,948-950

Primary prevention

High-risk features® should be considered to aid
individualized decision-making for ICD implantation lla B
in patients with ARVC.>?%73?

The updated 2019 ARVC risk calculator should be
considered to aid individualized decision-making for

ICD implantation in patients with ARVC.4>2%226:23¢
539

lla B

2023 ESC Guidelines for the management of cardiomyo
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A new prediction model for ventricular
arrhythmias in arrhythmogenic right
ventricular cardiomyopathy

528 jedincu s definitivni dg. ARVC, bez anamnézy setrvalé KT ¢i SCD, 5 registri v EU a USA

Prediction of sustained ventricular arrhythmia in ARVC
5-year event-free survival (n = 528) Model for 5-year risk prediction 5-year event-free survival
Overall Per predicted risk group
Sex X 0.49 - g% — §-15% 1539 — 2580 — 0N
1m \
= Age x -0.022 %‘
- e Recent syncope x 0.66 2
§ Non-sustainedVT  x 0.1 3
¢ Ln(2sh PVCcount)  x  0.17 ;
- Leads with T-wave inv. x 0.1 5;:
§ RVEF x 0025 | |3 y
L) l T ‘ 8 e v v v
0 1 L q 5 1- 0.8396exD( )= 5 year risk . ' T:no M:‘) . .

Cadrin-Tourigny J et al., EHJ -



ARVC: kalkulétor rizika
i

‘ Number of inverted T-waves

at diagnosis

“which the patient fulfilled ARVC diagnaosis as per 2010 Task Force
ia (Marcus et al. 2010)

le OFemale

liac syncope (<6 months)
3 ONo

pe suspected to be caused by cardiac arrhythmia within 6 months prior to
IS/S,

0

Total number of precordial and inferior leads with inverted T-waves on
standard 12-lead ECG.

‘ Maximum 24 hours PVC count

Maximum number of PVCs in 24 hours registered by continuous ECG
monitoring (e.g. Holter)

‘ History of non-sustained VT
OvYes ONo

Specified as a recorded ventricular tachycardia (>100bpm) ending
spontaneously within 30 seconds.

‘ Right ventricular ejection fraction (%)

50
As measured by cardiac MRI.

‘ OPTIONAL: programmed ventricular stimulatior
@N/A OPositive ONegative

Positive if induction of sustained monomorphic VT lasting >30s or with
hemodynamic compromise
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ARVC: kalkulator rizika
https://arvcrisk.com

PATIENTS WITHOUT PRIOR ALL PATIENTS WITH DEFINITE ARVC
SU_S-r AI N ED VA l.e. regardiess of prior sustained VA

Risk of first sustained VA (any type), within: Risk of fast VT(>250bpm)/VF/SCA, within:

@5 years O2years O1year @5 years O2years O1year

consider the following: in those patients who have
Adjusted by PVS result (if available): >15% 5-year risk, an ICD should be considered; in
those patients with a 5% to 15% 5-year risk, an ICD
may be considered; and in those with <5% 5-year
risk, an ICD should generally be avoided. These risk

Krahn AD et al., JACCEP



ARVC: kalkulator rizika — genotyp ?

Importance of genotype for risk stratification
in arrhythmogenic right ventricular
cardiomyopathy using the 2019 ARVC risk

calculator

ARVC risk score performance varies by genotype

Gene positive ——
PKP-2 ——
DSP ¢

Other &

Gene negative ——

0.5

0.6

0.7 08 0.9
Uno corcondance index

10

554 jedincu s definitivni dg. ARVC,
bez anamnézy setrvalé KT ¢&i SCD, 17 center ze 7 zemi

Age at baseline (years) -..

Sex (male) —..u HR>1
Recent syncope (<6 months) —.- . p<0.05

Proband status—.. .

Non-sustained VT—..
Max (log) PVC -l HR>1
Number of TWis-JJi| " [ I p>0.05
Limb-lead voltages- . =010
Precordial-lead voltages- ’

Mild+ RV dilatation (ECHO) -l I

Moderate+ RV dilatation (ECHO)-|Jjll p>0.10
Severe RV dilatation (ECHO) - Il
RVOT-PLAX diameter (ECHO) -]
LVEDD (ECHO)- HR<T
LVEF (ECHO)- B 5>0.05
RVEDV CMR)- [ p<0.10
RVer CMR) -

wv e -
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Protonotarios A et al.,
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Zaver
> Je obtizné hovorit o samotne A™ , ... kdyz vime, ze existuje ACM !

O ACM vs. NDLVC na
XXVII. vyroéni konferenci CASS,
ktera se uskutecni ve dnech 8.11.-9.11.2024
v hotelu Orea Resort Santon v Brné

ACM
? (ARVC, ALVC,

4 | :> biventrikularni
ACM)

DCM ARVC

RCM NDLVC
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Dekuji za pozornost !
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POZOR: , Pitfalls“ u MRl hodnoceni ARVC

Apikolateralni bulging

v miste uponu moderator-band

Dle autor citace: Izolovana porucha kinetiky hrotu PK neni typicka pro ARVC
Rastegar N et al., Radiographics 2014;:
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POZOR: , Pitfalls“ u MRl hodnoceni ARVC

Butterfly apex
_

normalni nalez Butterfly apex
(varianta normy)

Rastegar N et al., Radiographics 2014;
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POZOR: , Pitfalls“ u MRl hodnoceni ARVC

Tethering volné stény PK

Perikardialni vazivo mezi stéenou PK a sternem

-

= Ell_ |

Rastegar N et al., Radiographics 2014;:



