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Subgroups

Risk markers

Recommendations

Follow-up

Stratifikace a léecba ARVC

ICD
indication

Definite ARVD
High risk

Definite ARVD
Moderate risk

Definite ARVD
Low risk

Asymptomatic
mutation carriers

ARVD: Arrhythmogenic right ventricular dysplasia; CMR: Cardiac magnetic resonance; LF: left ventricle; RV: right

Aborted SCD
Sustained VT
Unexplained syncope

Extensive disease
(severe RV dysfunction,
large LV involvement)
Nonsustained VT

Remaining patients with

definite diagnosis of
ARVD

Asymptomatic
mutation-carrying
relatives of ARVD

Reduce physical
exercise

Avoid competitive
sport

B-blockers

Reduce physical
exercise

Avoid competitive
sport

B-blockers

Reduce physical
exercise

Avoid competitive
sport

B-blockers

Reduce physical
exercise

Avoid competitive
sport

ventricle; SCD: Sudden cardiac death; VT: ventricular tachycardia

Brugada J et al. ESC 2012

Annually including:
Electrocardiography
Cardiac imaging

(echocardiography vs.

CMR)
Holter
Exercise stress testing

Annually including:
Electrocardiography
Cardiac imaging

(echocardiography vs.

CMR)
Holter
Exercise stress testing

Annually including:
Electrocardiography
Cardiac imaging

(echocardiography vs.

CMR)
Holter
Exercise stress testing

Annually including:
Electrocardiography
Cardiac imaging

(echocardiography vs.

CMR)
Holter
Exercise stress testing

Recommended

Consider

Not
recommended

Not
recommended



Omezeni sportovnich aktivit

* Pri zatézi dochazi diky defektu desmosomu k
oddéleni jednotlivych myocytu a bunééné smrti
— zanet a nahrazeni fibrozou

« Sportovani aktivity u pacientu s ARVC
— Zvyseni rizika NSS (5x)
— Progresi onemocneni

« Zakaz zavodnich sportu

 Omezeni v rekreacCnich sportech:
— Kuzelky, golf, jizda na koni, brusleni, chuze, fitness

KLINIKA KARDIOLOGIE n II&F

Maron B Circulation 2004



Antiarytmicka léecba

Adjuvantni k prevenci terapii ICD
Betablokatory, sotalol, amiodaron

Ve starsich studiich sotalol vysoce ucCinny v
prevenci arytmii (testovani AA PSK)#

« GM Marcus JACC 2009;54(7):6009.

— Srovnani efektivity AA medikace u 95 pacientu s
prokazanou ARVC

— Pouze |écba amiodaronem snizila intervence ICD,
— Sotalol zvysil (prumérna davka 240mg/den)

KLINIKA KARDIOLOGIE n Hﬂﬂ
#Wichter T Circulation 1992



Indikace k implantaci ICD

Flow chart for ICD implantation

Intermediate risk

>1 major risk factors*:

-Aborted SCD due to FV - Synco : ] -No risk fact
Sustaincd VT TNSVT IR Healthy goiercuisiacs
-Severe dysfunction of - Moderate dysfunction

RV, LV, or both of RV, LV or both

ICD should be
considered
(Class Ila)

ICD may be —
considered ICD non indicated
(Class IIb) (Class III)

ICD indicated
(Class I)

INSTITUT KLINICKE A EXPERIMENTALNI MEDICINY -
KLINIKA KARDIOLOGIE n III%,F

Corrado EH.J 2015



Rizikova stratifikace

ARVC

Risk factor Definition Patients, n Study end point HR/OR
Cardiac arrest Aborted SCD due to VF 132 ICD interventions on rapid VT/VF 79
Unstable Sustained (>30 s) VT causing syncope ICD interventions on rapid VT/VF 14
sustained VT or haemodynamic collapse
Sustained VT or VF - VT lasting >30 s or VF 108  Any appropriate ICD intervention N/A
VT lasting >30 s or VF 50  Cardiac death (SCD in 67% and 2297
heart failure in 33%)
Syncope Syncopal episodes unrelated to 132 ICD interventions on rapid VI/VF 75
extracardiac causes and occurring in
the absence of documented ventricular
arrhythmias and/or circumstances
clearly leading to reflex-mediated
changes in vascular tone or heart rate
Idem 106  Any appropriate ICD intervention 2.94
ICD interventions on rapid VT/VF 3.16
N/A 50  Cardiac death (SCD in 67% and 10.73
heart failure in 33%)
Non-sustained VT >3 consecutive ventricular beats with 84 Any appropriate ICD intervention 10.5
a rate >100 beats/min, lasting <30 s,
documented during exercise testing or
24-h Holter
Idem 106  Any appropriate ICD intervention 1.62
LV dysfunction Angiographic LV EF <55% 132 ICD interventions on rapid VIVF 0.94
Angiographic LV EF <40% 130 Cardiac death (SCD in 33% and 10.9
heart failure in 67%)
Angiographic LV EF <55% 60  Any appropriate ICD intervention 1.94
Echocardiographic LV EF <50% 61  Cardiac death and heart N/A
transplantation (SCD in 53%,
heart failure death in 13%, heart
transplantation in 34%)
Angiographic LV EF <55% 313  Sudden cardiac death 14.8
RV dysfunction Angiographic RV EF <45% 60  Any appropriate ICD intervention 2.09
FAC % per unit decrease 70  Composite (death in 0%, heart 1.08
transplantation in 7%, ventricular
fibrillation in 10%, sustained
ventricular tachycardia in 36%,
arrhythmic syncope in 4%).
RV dilation RV end-diastolic area, cm?, per unit 70  Asabove 1.05
increase
Right-atrial Right atrium, short axis, mm, per unit 70  Asabove 1.03
dilation increase

Corrado EHJ 2015

Biventricular
dysfunction

Heart failure

Young age

Male gender

Complex genotype

Proband status

Inducible VIVF

Extent of
electroanatomic scar
on RV endocardial
voltage mapping
Fragmented
electrograms on RV
endocardial voltage
mapping

T-wave inversion in
inferior leads

Extent of T-wave
inversion

Echocardiographic RV and LV
dysfunction (EF <50%)

Clinical signs of RV heart failure

Clinical signs or symptoms of
congestive heart failure

Per 5 yrincrement

Per 1 yrincrement

Compound or digenic heterozygosisity

First family member affected by the
genetic defect who seeks medical
attention because of the occurrence of
clinical manifestations

VT or VF that lasted >30 s or required
termination because of haemodynamic
compromise

N/A

N/A

VT that lasted >30 s or required
termination because of haemodynamic
compromise. Induction of VF not
considered

low-voltage (<0.5 mV) areas on bipolar
electroanatomic voltage mapping. Per
5% increment.

Multiple (>3) discrete deflections,
amplitude <1.5 mV, and duration
>100 ms

Negative T-waves in leads I, Ill, aVF
Inverted T waves in 2 of 3 inferior

leads

Inverted T waves in 23 precordial
leads

96

130

61

132

108

215

134

134

215

84

60

62

69

108

m

215

Cardiac death and heart
transplantation (SCD in 30%,
heart failure death in 30%, death
of unknown cause in 5%, heart
transplantation in 35%)

Cardiac death (SCD in 33% and
heart failure in 67%)

Cardiac death and heart
transplantation (SCD in 53%,
heart failure death in 13%, heart
transplantation in 34%)

ICD interventions on rapid VT/VF

ICD interventions on rapid VT/VF

Composite (cardiac arrest in 9%,
ICD intervention in 22%, sustained
VT in 69%)

Composite (SCD in 5%, cardiac
arrest 27%, sustained VT 64%,
ICD shock 5%)

Composite (SCD in 5%, cardiac
arrest 27%, sustained VT 64%,
ICD shock 5%)

Composite (cardiac arrest in 9%,
ICD intervention in 22%, sustained
VT in 69%)

Any appropriate ICD intervention

Any appropriate ICD intervention

ICD intervention on fast VT/VF
Composite (cardiac death in 13%,
heart transplantation in 10%,
unstable VTAVF in 70%, syncope
in 7%).

Composite arrhythmic (SCD in 5%,
ICD intervention in 37%, sustained
VT in 58%)

Any appropriate ICD intervention

Any appropriate ICD intervention

Composite (6% cardiac death; 8%
heart transplantation; 16% VF;
67% sustained VT; 3% arrhythmic
syncope)

Composite arrhythmic (cardiac
arrest in 9%, ICD intervention in
22%, sustained VT in 69%)

6.3

137

N/A

0.77

N/A

1.8

2.76

77

45

2.16

N/A
2.5

1.6

212

N/A

24

42



ICD u pacientu s ARVC

* Doporucovany 1D ICD (Subkutanni-ICD?)

* Riziko komplikaci ICD

— Neprimerene terapie 4.4%/rok (sin. tachy,
SVT)

— Porucha elektrody 3.7%/rok

* U 4% pacient s ARVC je tfeba pro
poruchu sensingu RV eletrody implantace
dalsi elektrody na RV septum

KLINIKA KARDIOLOGIE n Hﬂi

Corrado EHJ 2015



Nefarmakologicka lecba
KT u ARVC

INSTITUT KLINICKE A EXPERIMENTALNI MEDICINY -
KLINIKA KARDIOLOGIE n III%/F‘J



Total Disconnection of the Right Ventricular Free Wall:
Surgical Treatment of Right Ventricular Tachycardia
Associated with Right Ventricular Dysplasia

L mEgEMamslms. ANERCENTMA ESwEStenl mic
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Report on two patients 2 24 L
Follow up 3 and 4 months ARG

INSTITUT KLINICKE A EXPERIMENTALNI MEDICINY IKE
c . . KLINIKA KARDIOL IE
Guiraudon GM, Circulation 1983 OLOG n M



Katetrizacni ablace KT
Charakteristické postizeni
RAO ' RAO jfliy

21 ARVD pts, 55 of 66 VTs originated in perivalvular region
no VT recurred after ablation in 17 pts (89%) during 27+22 months

Marchlinski FE, et al. Circulation 2004;110:2293-98 _nsrrur st a exesmensausi wepiins n IKE
KLINIKA KARDIOLOGIE M



Catheter ablation of ARVC

Long Term Outcome...

100-
24 pts (age 3619 y)

o T e Total success John HopKi

Q : — - -- Partial success 0 n_ op IftlS

g 75 —  Failure ablation registry

5 FU 32+36 months

'S 50-

@ 48 RF procedures

; L (10 w. EAN mapping)

‘:; 25' ! maessissasnaesnans s s s g e sy P =ns

o i) A N o 85 % recurrence rate

04 : "
0 1 2 3 4 12
Time since procedure (years)
Events/At risk

Total success 13/22 317 0/2 112 0/1
Partial success 10/15 3/4 1M1 - -
Failure 6/10 2/4 1/2 oM oM

Calkins H, et al. JACC 2007:50:432-40

INSTITUT KLINICKE A EXPERIMENTALNI MEDICINY

KLINIKA KARDIOLOGIE

n IKE
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Reasons for Recurrences?

» Disease progression

 Difficult substrate for ablation —
fissures, trabeculae...

* Predominant epicardial location (at
least In earlier stages — ie In young
patients)

KLINIKA KARDIOLOGIE n II&F






Technique of ablation matters...

Monitoring catheter in microaneurysms by
Intracardiac echocardiography

w1

KLINIKA KARDIOLOGIE n Hﬂﬂ




Predominant Epi Location

>1.5 mV

Endocardial
. Bipolar

<0.5 mV

Epicardial
Bipolar

Polin GM, et al. Heart Rhythm 2011;8:76-83 KLINIKA KARDIOLOGIE n H§/IE



Epicardial approach

KLINIKA KARDIOLOGIE




Epicardial approach

KLINIKA KARDIOLOGIE n Hﬁ;




Mapovani substratu
Pozdni potenmaly
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Mapovani substratu
Odstranéni pozdnich potencialu ablaci
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Zpomaleni vedeni pomalym kanalem do jizvy po
katetrizaCni ablaci

Na konci vykonu doslo k uplnému vymizeni
pozdnich potencialu v oblasti RVOT
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Ablation of substrate in ARVC

Role of epicardial ablation

« 49 pts with ARVC and
ICD
— Group 1 (23pts) — only
endocardial ablation
— Group 2 (26pts) — endo-
epi ablation
* Lower recurrence rate of
ICD therapy for
epicardial ablation.

Bai R, Circ EP 2011,4:478-485
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Group 2. Endo-Epicardial Ablation

Logrank p=0.0293

Group 1: Endocardial-along Ablation
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INSTITUT KLINICKE A EXPERIMENTALNI MEDICINY e
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Ablation for ARVC

IKEM experience

« 2001-2016
33 ARVC pts, 8F, mean age 45138y

« 1.8+1.3 ablations/patient (range 1-5)
— 13 endo-epicardial (repeated epi Iin 2pts)
— 20 only endocardial ablation

KLINIKA KARDIOLOGIE n Hﬂz



Ablation for ARVC

IKEM experience

VT free survival after last ablation

=t F-NAO
==t « Epi+endo

P=n.s.

ent survival

The main difference between groups was in mean age!!
Endo - 53+15y vs Endo+epi - 33+16y, p<0.005

-
0 1000 2000 3000 4000
Days

KLINIKA KARDIOLOGIE ﬂ II&F



Zavery
Omezeni sportovnich aktivit plati pro vSechny

pacienty s ARVC

Implantace ICD je indikovana v sekundarni
prevenci NSS, kritéria primarne preventivni
indikace nejsou jednoznacne stanovena

Z antiarytmik je nejucinnéjsi amiodaron
Katetrizacni ablace endo/epi je pritupem volby,
predevsSim v mladém véku

cinvika karoiotocrt [ IKF
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Pokrocila ARVC

nalez pri Tx srdce

INSTITUT KLINICKE A EXPERIMENTALNI MEDICINY e
KLINIKA KARDIOLOGIE n III%/F




Long Term Outcome?

1004
Conventional mapping
] - - =~ 3D electroanatomic mapping
=
o 754
b
3
(8]
2
‘6 50-
Q
QD
A=
b= 1
5 % :
& N P
0- [
0 1 2 3 4 12
~ Time since procedure (years)
Events/At risk
Conventional 21/28 8/15 2/5 0/2 0/1
3D 8/9 on - - -

Calkins H, et al. JACC 2007:50:432-40
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NonContact Mapping
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32 ARVD pts (6F,
37.2+13.8 y)

67 VTs, EnSite mapping
of earliest V activation
site, regional ablation

Acute success 84.4%
Significant improvement
in 15.6%

FU 28.6116 months,
81.3 % free of VT and
AA incl delayed success
In some pts (3)

KLINIKA KARDIOLOGIE

Yao Y, et al- PACE 2007;30:526-33 INSTITUT KLINICKE A EXPERIMENTALNI MEDICINY n II(ME



Why There Are Such
Differences?

INSTITUT KLINICKE A EXPERIMENTALNI MEDICINY -
KLINIKA KARDIOLOGIE n III%/F‘J



Predominant Epi Location

TOZLOVT O3 T OD0TPL

100%

90%

B0% ~

70%

10%

T

0%

1

L] Endo Bipolar

. Endo Unipolar

|| Epi Bipolar

2

3

4

5 6 rd 8 9 10
Patient Number

Polin GM, et al. Heart Rhythm 2011;8:76-83

INSTITUT KLINICKE A EXPERIMENTALNI MEDICINY -
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Flssures and Trabeculae
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Monitoring of Catheter Position
and Contact

KLINIK;—.‘; KARDi()LOGlE n II&F



Komentar

Nase pripady-ICE guidance k posouzeni presné
lokalizace katetru, zejména u trikuspidalniho usti
nebo v oblasti trabekul

Epikardialni ablace je je nutna u mladych pacientu
s relativne malo vyvinutym substratem, kdy
prevaha zmen vzdy epikardialne

U starSich pacientu s rozsahlym postizenim pravé
komory a hemodynamicky tolerovanymi
tachykardiemi Ize provest ablaci uspesne z
endokardialniho pristupu

U vetsiny nemocnych je nutna opakovana ablace,
ktera dokaze zabranit dalsim recidivam KT

cinvika karoiotocrt [ IKF



23-lety pacient
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Anamneza

23-lety pacient
2007 KPCR pro KT

Dle echo dysfunkce PK, MRI s nalezem susp. z
arytmogenni kardiomyopathie prave komory

Pri EFV vyvolatelna pouze nskKT
Implantace 1D ICD

Chronicka medikace: Sotalol 80 1-1-1
Nasledné opakované adekvatni vyboje ICD
04/2014 reimplantace ICD

KLINIKA KARDIOLOGIE n Hﬂi



ECHO




Anamneza

* 6.11.2014 arytmicka boure pro KT 200/min —
44 vyboju z toho 42 neucinnych
—Zevni EKV vedouci k resetu ICD

* Incesantni KT | pres max. farmakoterapii
(BB+amio+mesocain), nasledne UPV

* Pri pokusu o odtlumeni cetna komorova
ektopie
* Nizky sensing na PK elektrode

cinvika karoiotocrt [ IKF



Jaky dalsi postup?

A. PokracCovat v extubaci

B. Syceni amiodaronem

C. Provedeni katetrizacni ablace

D. Revize ICD systemu

E. Jina/lkombinace vyse uvedeneho

KLINIKA KARDIOLOGIE n Hﬁi



Elektroanatomicke
mapovani povrcu srdce

* V oblasti vytokoveho traktu PK a
inferolateralné rozsahlé oblasti
jizevnaté tkane
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ICD?

Jak dale s




Jak dale s ICD?

* Ponechani puvodniho ICD?

« Zachovani/extrakce puvodni defibrilacni
elektrody ?

* Ponechani septalni polohy
elektrody/umisteni do hrotu ?

KLINIKA KARDIOLOGIE n Hﬁ;



Revize ICD systemu

« Extrakce defibrilacni elektrody (system
Evolution)

* Implantace noveho DDD ICD
— Defibrilacni elektroda umisténa do hrotu PK

* Testovani ICD — 15J prerusuje
Indukovanou FIK

KLINIKA KARDIOLOGIE n II&F






Follow up

Od ablace/revize bez recidivy arytmie
Posledni kontrola 05/2015
Terapie: Sotalol 80 1-1-1

Parametry PK elektrody:
— Senzing 9.3mV, prah 0.6V/0.4ms, imp 5190hm

cinvika karoiotocrt [ IKF



Katetrizacni ablace 11.6.2014

* Nelze vyvolat zadnou setrvalou KT pri programované
stimulaci komor

* Provedena modifikace arytmogenniho substratu
epikardialnim pristupem




Komentar ARVC

Rozdil v uspesnosti ablaci (nekteri jako Calkins
tvrdi, ze nema cenu ablaci delat pro vysoké
rekurence)

Existuje nekolik duvodu pro rozdily — vétsinou se
to svadi na progresi, ale Penn group ukazala, ze
progrese substratu neni moc velka v Case

Dale epi lokalizace — u nas vzdy u mladych
(nebylo popsano)

Dale substrat v PK je horsi nez v LK, vyzaduje
zobrazeni (ICE)

Technika ablace vyzaduje optimalne EA mapping
systém a kontrolu ICE

KLINIKA KARDIOLOGIE n Hﬂi



Ouicomes of Radiofrequency Catheter Ablation of VT in ARVD

Mumber  Mumber

of of Acuie T Faollow-Up Evenis at
Anthar Patients V1= Success Complications  Implanted imanihs; Faollow-Up
Ellison ef af 3% 5 19 &8 VTs 205 pis* Mome | 17010 ko 24) Mo episodes (3 pls on

amindaronsy

Reithman et ol 71 5 - 475 pis MNome 4 T+13 Noo of FCID therapies reduced
(3 pis on amiodarone)
3 pis no PO therapy

1 pt wio ICD recurred

Van der Burg et gl 1% 32 - 28 pis 3 pis - M1 5 pis had VT recumrence
(1-5T) (4 with a different WT 0
. maphology)
Wicther et al. & 30 - poops Noae - 2417 2 suddea cardiac armests O f R FA I n
16 pis VT recamence
2 pis syncope
Marchlinski «f al = 192 &6 14719 pi=g Mome - m+1n 2 pis had VT recamrence
(2 o &T) (=] ¥T episode / 3 ma)
Fou e al 3 5 33 pis None - B.6 None .
5/5 V=1 (6t 12)
Miljoen &f i 3 11 12 VIZVTs Mo 4 3h 1 death (mon cardiac)
Mo ICD events
(5 e 500) Mon-inducibde VT im 57 pls
without 1CT
Verma ef al ™ e ILIVT! 1822 pisf Cardine tamponade e 37 & pts with VT recurrence®*
pl
(1 pt (25 i 44) (6 pls on amiodarone, 11 pis

on sotxlol. 3 pts on
mexiletine and 4 on

flecainide)
Satomi &1 al 2 17 26 2326 Vs - 2 o o 2 pis had VT recumrencet
15017 pis (6 o J6) (0 pis on AADY)
Dalal e @l ™ 244 - 3748 procedunes Death (| pogE 10 R+ V48 procedures recunred
(I day to 12 years) (14 pis onclass 1or 01 AAD
and 7 pis on beta-blockers)
Yao ef al # 32 &7 172 pt0 None 1 M6+ 16 4 pls had VT recamence
(012} (9 pis on ADD)
Marchlinski f al & 30 - 2030 pi=qY - - M 428 9 pis had VT recamrence
(13 pes om class Do 11 AADD
Garcia ef al.™ 135 27 W13 pis - - 183+ 127 1 pt transplantation (after
acube failwre)
1 pis with a single VT episode
(3 pts on AAD—nons with
afmicdarome

AAD = aniixrrhwthmic drug. ATP = antitchycardia pacing; VT = veniricular tachycardia; pt = patient. *Faster VT induced at the end of the procedure in
one patient; TP <005; FSecond procedure meeded in 13 patients; §Polymorphic or rapid {300 ms) VT was induced in the other 5 patients and were not
tarpeded; O & non-clinical VT was induced in | patient that was not targeted; JPericardiocentesis was performed and no surgery was needed; ¥ A sacond
suecesiul procedure was perfomed in 3 of 4 patients with nitial Failere; “* Sscond procedure in 3 patients that were initially sucoessful 2nd had recurrence
of 1 pt at follow-up; FResponsive to previously failed antisrchythamic therapy, *A totsl of 48 procedures were needed; $2A highly unstable ¥T was
induced during a third procedure for incessant VT, Hypolension developed and sargery was performed for fear of perforation., with unfavoursble owicome
(postoperative pulmonary complications); P Second procedure performed in 10 patients. 99Second procedure pecformed in 21 pts. ® Consecutive patients
with prics failed endocardial abiation.

Arbelo E’ Josephson ME JCE 2010’21473-86 INSTITUT KLINICKE A EXPERIMENTALNI MEDICINY IK.E
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Endocardium Epicardium

Epicardial
Ablation in
ARVC

13 pts (17-70 years)
failed endo VT
ablation

epi sites opposite
ineffective endo sites
In 11 pts (85 %)

77% VT free in 1813
mths

Garcia FT, et al. Circulation 2009:120:366-375 INSTITUT KLINICKE A EXPERIMENTALNI MEDICINY. n IKE
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Technigue of Ablation

Bipolar

Aapa pred RFA > 302 Points




Mapovani substratu
Dlouhy stimulus-to-ORS interval
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