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MAPPAGGIO ELETTROFISIOLOGICO CONVENZIONALE

- 16 ms




MAPPAGGIO ELETTROANATOMICO

MAPPA ANATOMICA 3D

Realizzabile tramite sistemi computerizzati di mappaggio EF, non fluoroscopico, che
consentono di creare una ricostruzione 3D della camera cardiaca esplorata




MAPPAGGIO ELETTROANATOMICO

3D ACTIVATION 3D ANATOMICAL 3D VOLTAGE MAP

Ad ogni singolo punto inserito nel guscio anatomico 3D il sistema associa informazioni elettriche
relative ai potenziali registrati:

a) Ampiezza del potenziale locale registrato

b) Tempo di attivazione del potenziale locale rispetto ad un segnale elettrico intracardiaco o ECG,
scelto come riferimento temporale.



Sistema CARTO (Biosense Webster)

RF Generator

Filtered Body
Surface Signals

SG workstation

CARTO




Sistema CARTO (Biosense Webster)

Il sistema utilizza un campo magnetico per la localizzazione 3D di un sensore
collocato nella punta di un elettrocatetere per mappaggio ed ablazione con

radiofrequenza.

La tecnologia di localizzazione magnetica viene poi utilizzata per la ricostruzione

elettroanatomica della camera esplorata.




Sistema EnSite (St. Jude Medical/Abbott)
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Sistema EnSite (St. Jude Medical/Abbott)

Il sistema analizza le wvariazioni di

impedenza elettrica registrate tra
singoli elettrodi di cateteri endocavitari
convenzionali ed un set di tre coppie di
clettrodi cutanei posizionati a livello
toracico ed addominale.

Le informazioni elettriche raccolte
vengono poi utilizzate dal sistema per
visualizzare gli elettrocateteri utilizzati

e per la  ricostruzione 3D

elettroanatomica della camera cardiaca
esplorata.



Sistema EnSite (St. Jude Medical/Abbott)




RHYTHMIA™ Mapping System (Boston Scientific)




RHYTHMIA™ Mapping System (Boston Scientific)

IntellaMap Orion™ High-Resolution Mapping Catheter
N

EGM Clarity
64 low-noise electrodes
« 2.5 mm inter-electrode spacing D ———

Mapping Versatility
« 8.5F (2.8 mm) bi-directional

steerability

«  Variable diameter (3-22mm) j
for use in various anatomical f@-
structures

Safety in Design
« 8 smooth, flexible splines

«  Flushing port designed to prevent
clot formation



Pre ablation mapping of the RSPV
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Post-ablation mapping of the RSPV

00 mmis =

Ieian el
v B LA pei

P C5 3:10% - I . —

s Wik — - L

W: £S5 7-B# broeo—
BR: 5 2.3 -y o e
1

A-BLF —l

Case performed by Dr. Vias Markides
Royal Brompton and Harefield NHS Foundation Trust



MAPPAGGIO ELETTROANATOMICO

Principali Applicazioni

Identificazione di aree patologiche (area cicatriziale, zona di confine)
Identificazione di possibili circuiti di rientro (canali intra/inter-cicatriziali)

Identificazione del sito bersaglio (epicentro aritmico, segmento critico di circuito di
rientro, ostio di vena polmonare...)

Stima della distanza tra sito bersaglio e strutture vulnerabili (giunzione AV)

Controllo dell’accuratezza con cui si applica I’energia ablativa (lesioni focali, lineari
o circonferenziali)

Validazione post-ablazione del risultato ottenuto



Ablazione di Fibrillazione Atriale (deconnessione delle vene polmonari) + Ablazione di
Flutter Atriale tipico (blocco dell’istmo cavo-tricuspidale)
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Aritmogenesi delle Tachicardie Ventricolari

Le TV sono piu frequentemente
riscontrabili nelle cardiopatie

strutturali, spesso caratterizzate da
substrati aritmogeni complessi

Reguirements for induction of recntry,

(non e

trigger unidirectional block excitable gap




Potenziali circuiti di rientro riscontrabili nelle

TV post-infartuali

SCHEMATIC VT CIRCUIT IN
STRUCTURAL HEART DISEASE
1. Exit 2. Central Zone
3. Entrance 4. Bystander Zone

5. Outer Loop 6. Inner Loop Esiti di infarto miocardico anteriore

(modificato da Wroblesky et al. J Cardiovasc
Electrophysiol 2003;14:524-529)




ELECTRO-ANATOMICAL ACTIVATION MAPPING OF VT
IN STRUCTURAL HEART DISEASE

SCHEMATIC VT CIRCUIT IN
STRUCTURAL HEART DISEASE

1. Exit 2. Central Zone

3. Entrance 4. Bystander Zone
5. Outer Loop 6. Inner Loop
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Focus aritmico situato nella cuspide coronarica sinistra
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Focus aritmico 1n parete settale di RVOT
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ESC GUIDELINES

2020 ESC Guidelines on sports cardiology and
exercise in patients with cardiovascular disease

The Task Force on sports cardiology and exercise in patients with
cardiovascular disease of the European Society of Cardiology (ESC)

Premature ventricular complexes and sport eligibility

Although PVCs can be considered a benign feature of the athlete’s heart adaptive

phenotype, they may also be the only clinical manifestation of a concealed

cardiomyopathy, potentially heralding SCD during sports activity.



Battiti ectopici ventricolar1 (BEV)
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BEV FREQUENTI IN ASSENZA DI
CARDIOPATIA STRUTTURALE

U

ARITMIA BENIGNA PRIVA DI
SIGNIFICATIVO IMPATTO
PROGNOSTICO

BEV FREQUENTI IN PRESENZA DI
CARDIOPATIA STRUTTURALE
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Recommendations for exercise in individuals with premature @ ESC

Euroaean Society

ventricular contractions or non-sustained ventricular tachycardia of Cardiology

Recommendations Class Level

In exercising individuals with 22 PVCs on a baseline ECG (or 21 PVCin the case
of high-endurance athletes) thorough evaluation (including a detailed family
history) to exclude underlying structural or arrhythmogenic conditions is
recommended.

Among individuals with frequent PVCs and non-sustained VT a thorough
investigation with Holter monitoring, 12-lead ECG, exercise test and suitable
imaging is recommended.

It is recommended that all competitive and leisure-time sports activities are
permitted, with periodic re-evaluation in individuals without familial or
structural underlying disease.

2020 ESC Guidelines on sports cardiology and exercise in panents with carrhwascular E|I5EE|5E




Aritmie ventricolari in presenza di cardiopatia strutturale




ARITMOGENESI
VENTRICOLARE NELLE
CARDIOPATIE STRUTTURALI




Profilo aritmico nella Miocardite/CMP-Infiammatoria

Meccanismi aritmogeni prevalenti

! !

Fase Acuta Fase Cronica

Aumentato Automatismo
Attivita Triggerata

Rientro




Aritmie ventricolari in assenza di cardiopatia strutturale




Aritmie ventricolari non associate a cardiopatia strutturale
(Idiopatiche)

¢ Considerate generalmente benigne in termini prognostici

*» Imputabili a diversi meccanismi aritmogeni focali: attivita triggerata, esaltato
automatismo, microrientro

¢ Spesso innescate dall’esercizio fisico o da stress emotivo

¢ Variabilmente sensibili a Betabloccanti e Ca-antagonisti non diidropiridinici



SPECTRUM OF IDIOPATHIC VA
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Outflow tract arrhythmias: Clinical presentations
I. Repetit. momomorph. nonsust. VT
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ELECTRO-ANATOMICAL VOLTAGE MAPPING

IN STRUCTURAL HEART DISEASE

Normal RV voltage map Abnormal RV voltage map
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RV bipolar voltage mapping performed with a 0.5-1.5 mV colour range setting of voltage display:
- red colour => signal amplitudes < 0.5 mV (electroanatomic scar)

- purple colour => signal amplitudes > 1.5 mV (normal myocardium)
- gradient of colours => signal amplitudes ranging between 0.5 mV and 1.5 mV (border zone)
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Studio con cardio-imaging in un paziente con BEV frequenti : esito non conclusivo.

Il dubbio di una cardiopatia strutturale rimane.....



EMB guided by electroanatomic voltage mapping: Rationale

In order to improve EMB sensitivity for ARVD/C, we hypothesized that RV
sampling focused on selected pathological areas, identified by electroanatomic
voltage mapping, should provide a greater diagnostic sensitivity.
In order to limitate the risk of perforation, specimens were preferably obtained

from the border zone of low-voltage areas
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Endomyocardial Biopsy Guided by Electroanatomic Voltage
Mapping in Arrhythmogenic Right Ventricular
Cardiomyopathy: A Case Report

ANDREA AVELLA, M.D..* AUGUSTO PAPPALARDO, M.D..* GIULIA d’ AMATL M.D.. PH.D .t
ANTONIC DELTO RUSSO. MDD, PH.DT FRANCESCO LATTRENZL M.D*

MASSIMILIANO MANCINI, M.D..+ FEDERICA RE, M.D.* ELISABETTA ZACHARA, M.D.*
PACLO ZECCHI, M.D..f and CLAUDID TONDO, M.D., Pi1.D.*

From fhe *Cardiciogy Division, Cardiac Arrhyihmia Cznter and Hear! Failure Unit, St. Camillo-Forlanini Hospital, Rome, Ttaly;
fPatholopy and Experimental Medicine Deparment, La Sapiznza University, Rome, Itely; and fCardiology Ceparomeant, Sacred Heart
Culpolic Uiversivy, Eoe, Daly

Journal of Cardiovascular Electrophysiology Vol. 18, No. 9, September 2007

20-year-old man with frequent RV ectopy, apparently not associated with structural heart disease.
Practice of competitive sport (skating) until two years before.
Late potentials on signal-averaged ECG but not evidence of intramyocardial pathological signals on cardiac MRI.




Diagnostic Value of Endomyocardial Biopsy Guided
by Electroanatomic Voltage Mapping in Arrhythmogenic
Right Ventricular Cardiomyopathy/Dysplasia

ANDREA AVELLA, M.D..,” GIULIA D'AMATI, M.D., PH.D..t AUGUSTO PAPPALARDO, M.D..*
['EDERICA RE, M.D..;* PAOLA I'RANCESCA SILENZI, M.D..7 FRANCESCO LAURENZI. M.D. *
PIERGIUSEPPE DE GIROLAMO, M.D..;* GEMMA PELARGONIO, M.D.*

ANTONIO DELLO RUSSO, M.D., PH.D..” PASQUALE BARATTA, M.D..”

GIUSEPPE MESSINA, M.D.," PAOLO ZECCHI, M.D.,” ELISABETTA ZACHARA, M.D..*
and CLAUDIO TONDO, M.D., Pi1.D.*

From ths "Cardiology Division, Cardiac Arrhythmia and Heart Failure Research Institute, St. Camillo-Forlanini Hospital/Catholic
[Iniversity of Sacred Heart, Rome, Ttaly: and TDepartment of Experimental Madicine, Sapienza University, Rome, Ttaly

Voltage Mapping-Guided Biopsy in ARVC/D. Infraduction: To improve the endomyocar-
dial biopsy (EMB) diagnostic sensitivity for arrhythmogenic right ventricular cardiomyopathy /dysplasia
(ARYU/D), we hypothesized a biopsy sampling focused on selected right ventricle (RV) low-voltage areas
identified by electroanatomic voltage mapping.

Methods and Results: The study population (22 patients, 10 men; mean age 34 1 10 years) included 11
patients with overt ARVC/D (group A) and 11 patients with suspected ARVC/D igroup B). according to
both arrhythmic profile and standardized noninvasive diagnostic criteria. In all 22 patients, an RV bipolar
voltage mapping was performed with CARTO™ system sampling multiple endocardial sites (262 £ 61),
during sinus rhythm. with a 0.5-1.5 mV color range setting of voltage display. All 11 (100%) group A
patients and 8 of the 11 (73%) group B patients (P = nonsignificant [NS]) presented RV low-voliage areas
(<0.5mV). In 8 group A patients and in all 8 group B patients with a pathological RY voltage map, an
EMB focused on the low-voltage areas was performed. In 6 (75%) group A patients and in 7 (87%) group B
patients (P = NS), voltage mapping-guided EMB was diagnostic for ARVC/D. In the remaining 3 patients,
only nonspecific histological findings were observed.

Conclusions: The results of our study (1) confirm the high diagnostic sensitivity of RV voltage mapping in
patients with overt ARVC/D, (2) document a high prevalence of RV low-voltage areas even in patients with
suspected ARVC/D, and (3) demonstrate that in patients with clinical evidence or suspicion for ARVC/D,
presenting RV low-voltage areas. EMB guided by voltage mapping may provide ARVC/D diagnosis confir-
mation. (J Cardiovasc Elecirophysiol, Vol. 19, pp. 1127-1134. November 2008)
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> Heart Rhythm

Concealed cardiomyopathies in competitive athletes
with ventricular arrhythmias and an apparently
normal heart: role of cardiac electroanatomical
mapping and biopsy

Stefano Bartoletti, hela Casella,

o, Luigi Di Biase, Fulvio Bellc

Affiliations + expand
PMID: 21782775 DOIL: 10.1016/]

Abstract

Background: The diagnosis of subtle structural heart disease in competitive athletes with ventricular
arrhythmias (VAs) and an apparently normal heart is challenging. Three-dimensional electroanatomic
mapping (EAM) has been demonstrated to reliably identify low-voltage areas that correspond to

different cardiomyopathic substrates.

Objective: The purpose of this study was to test whether EAM may help in the diagn of concealed
cardiomyopathies in athletes with VAs and an apparently normal heart.

Methods: We studied 13 consecutive competitive athletes (12 males, age 30 £ 13 years) who had
documentation of VAs within the previous 6 months on 12-lead electrocardiogram (ECG), 24-hour
Holter ECG, or ECG exercise testing and who were judged as having a structurally normal heart after a
thorough noninvasive evaluation, in ng signal-averaged ECG, transthoracic echocardiogram, and
cardiac magnetic resonance imaging. Depending on the presumed site of VA origin according to 12-
lead ECG criteria, patients underwent right or left ventricular EAM and EAM-guided endomyocardial

biopsy.

Results: Presenting arrhythmias included sustained ventricular tachycardia (n = 3), multiple episodes
of nonsustained ventricular tachycardia (n = 7), and frequent ventricular ectopic beats (>1,000 during
24 hours; n = 3). Three patients had a history of syncope. Twelve (92%) patients had at least one low-
voltage region at EAM, which corresponded at EAM-guided endomyocardial biopsy to the histological
diagno: f active myocarditis in seven patients and of arrhythmogenic right ven ar

ical evidence of contraction band necrosis allowed

cardiomyopathy in five. In one patient the histc
the unmasking of caffeine and ephedrine abuse.

Conclusions: Electroanatomical substrate mapping may help diagnose concealed myocardial diseases
i hlet resenting with recent-onset VAs and an a ntly normal heart. Further

studies are warranted to assess the prognostic implications of such subtle myocardial abnormalities.

Copyright © 2011 Heart Rhythm Society. Published by Elsevier Inc. All rights reserved.




Original Article

Feasibility of Combined Unipolar and Bipolar Voltage
Maps to Improve Sensitivity of Endomyocardial Biopsy
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ESC GUIDELINES

2022 ESC Guidelines for the management of
patients with ventricular arrhythmias and the
prevention of sudden cardiac death

Developed by the task force for the management of patients with
ventricular arrhythmias and the prevention of sudden cardiac
death of the European Society of Cardiology (ESC)

Endorsed by the Association for European Paediatric and
Congenital Cardiology (AEPC)

Table 3 New sections and concepts

MNew sections and concepts

Provocative diagnostic tests

Genetic testing

Diagnostic evaluation at first presentation with VA in

patients without known cardiac disease
Management of patients with electrical storm

Special aspects of device therapy




5.2. Diagnostic evaluation at first
presentation with ventricular
arrhythmia in patients without known
cardiac disease

Recommendation Table 4 — Recommendations for
evaluation of patients presenting with a first episode
of sustained monomorphic ventricular tachycardia

Recommendations Class® Level®

In patients presenting with a first SMVT episode,
eledrophysiological study, electroamatomical
mapping, and mapping-guided biopsies may be

' e a7_1993m
corsidered for aetiological evaluation ' ¥ =%

162. Avella A, d’Amati G, Pappalardo A, Re F, Silenzi PF,
Laurenzi F, et al. Diagnostic value of endomyocardial biopsy
guided by electroanatomic voltage mapping in arrhythmogenic
right ventricular cardiomyopathy/dysplasia. J Cardiovasc
Electrophysiol 2008;19:1127-1134.

5.2.2. Scenario 2: First presentation of sustained

meonomorphic ventricular tachycardia

Patient with first SMVT episade

|

VT |2-lead ECG Persanal history

Family history

(Cycle length, morphology,  (Cardiovascular risk factors, (SCD; primary electrical

exercise inducad)
(Chss 1) medication)

12-}ead ECG Echocardiogram
(Class ) (Class 1)

Suggestive of idiopathic origin® Suggestive of CAD?

!

Go to section Idiopathic PVCIVT

Go to section CAD

-
v

Suggestive of other cardiomyopathy'

symptoms, co-morbidides, e o )

Labaratory
5,
(MT-)proBME, TSHIT4)

-
¥

Suggestive of SHD other than CAD*

{Class lla)

{

Suggestive of inflammatory disease®

-
w

¥
EP study and RY
electro-amatomical mapping
(+ mapping-guided biopsy)
(Class 1Ib)

negative
r B
Further evaluation
according to most likely
diagnosis

I

PET-CT
Cardiacitissue biopsy
Autoimmune seralogy

Mapping-guided biopsy
(if regional ventricular

imvolvement)
(Class lib)
L

-
¥




CONCLUSIONI
 Le tecniche di mappaggio EA svolgono ormai da tempo un ruolo fondamentale nei

laboratori di elettrofisiologia.

« L’accuratezza della ricostruzione anatomica 3D, 1l mappaggio di attivazione e 1’analisi

del voltaggio appaiono di estrema utilita soprattutto negli scenari aritmici piu complessi.

 Nell’ambito della cardiologia dello sport, in particolare, quando un profilo aritmico
ventricolare appare di difficile interpretazione con le metodiche non invasive, I’analisi EA
del substrato puo facilitare 1l riconoscimento precoce di alterazioni strutturali in fase

iniziale, associate ad aritmie ventricolari solo apparentemente idiopatiche.



