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Cycle Length Mapping: Unanuova metodica per iltrattamento della fibrilalzioneatriale persistente
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❑ 5-fold increased risk of stroke 1

❑ Increased risk of heart failure
❑ Impared QoL3,4
❑ Icreased health care costs6

THE CHALLENGE:
Adequate AF management aiming at reduction of

stroke risk and QoL improvement 7



• NYHA II, III, or IV• EF < 35%• ICD

Primary end point



Early Rhythm-control therapy

Early rhythm-control therapy, primarilywith AADs (<20% of patients had receivedablation at 2-year follow-up), wasassociated with a lower risk ofcardiovascular outcomes



Atrial Fibrillation Evolution

Time

Paroxysmal AF Persistent AF Long-standingpersistent AF



Non-Paroxysmal AF ablation
• Rates of success for persistent and long-standing persistentAF remain limited after single procedure

- Oral, Pappone et al. NEJM 2006- Jones et al. JACC 2013- Hummel et al. Heart Rhythm 2014- Mont et al. Eur Heart J 2014- Hunter et al. Heart Rhythm 2014- Di Biase et al. Circulation 2016

After 1 procedure After more than 1procedure
Paroxysmal 70 % to 80% roughly 90%
Persistent 40% to 60% 40% to 70%
Long-Standing 20% to 50% 35% to 60%



Global symptomaticAF prevalence>33 million

AF IS UNDERTREATED

Calkins H, et al. Heart Rhythm, 2012



Pers-AF: fewer data available but….

Lower recurrence rates after CA
ESC Guidleines 2016



Circulation 2016



Atrial FibrillationRadiofrequency Catheter AblationAtrial FibrillationRadiofrequency Catheter Ablation

Verma A, et al. STAR AF II Trial. NEJM 2015



Atrial FibrillationStrategies for Catheter Ablation

- Knecht S, Eur heart J 2008- Nademanee K, et al JACC 2004- Nagakawa H, et al. Heart Rhythm 2009- Narayan S, et al. JACC 2014





Limitations in Current Atrial FibrillationTreatment
• Incomplete understanding regarding arrhythmogenic mechanism
• Different mechanisms in paroxysmal and persistent AF remainunknown
• Absence of real-time three-dimensional AF substrate mapping,current AF ablation therapy remains an anatomical approach NOT amechanism targeted therapy
• Current standard of care – One treatment for ALL, not patient-specific (PVI)!!!!!!



Ciconte G, ….. Pappone C. Europace 2019

• Consecutive 83 pts with non-PAF (Pers and LSPers)
• All undergoing blinded high-density AF mapping (dedicated CL EnSitesoftware and 20 poles circular mapping catheter)
• RFCA with standard lesion set (mCPVA): PVI, mitral line and posteriorbox isolation
• High density AF mapping repeated if AF persisted after ablation



Fastest

SlowestScar areas

Cycle Lenght Mapping

Repetitive-regular EGMsshow mean CL <250 msand a SD of CL range 0-30ms.Slower activities (>250 ms)were not considered inthis analysis to excludepotential bystander areas
The software allows toadjust this cut-off,according to each patientspecific characteristics.

Mean CL(150~250 ms)) Stdev of CL(1~40 ms)



Regular CL map and Example ofElectrograms

16



Mean CL(150~250 ms)) Stdev of CL(1~40 ms)
Software algorithm

SCAR AreasFastest driver Slowest driver Fragmented



AF Integrated Substrate Map: Roof RotorDetailed Dynamic View

Rotational Electrograms on the roofclose to LSPV matches the rotationalpattern shown by the conductionvelocity vectors



Ciconte G, ….. Pappone C. Europace 2019

AF SOURCESdistribution

• Regions with RepReg-EGMs were 376.• 174/376 (46%) were identified in the PVs antrum• 202/376 (54%) in non-PV regions.• Integrated substrate map showed that 75% Rep-Reg regions were surrounded byfragmented activities.



Ciconte G, ….. Pappone C. Europace 2019

AF SOURCES characteristichs

• PersAF patients showed faster RepReg EGM regions as compared toLSPersAF.

p=0.002



Ciconte G, ….. Pappone C. Europace 2019

AF SOURCES characteristichs

PersAF patients had faster mean RepReg-EGMs, while LSPersAF showed alarger surface area exhibiting fragmentation



Atrial fibrillation termination by CPVA
• Radiofrequency catheter ablation terminated AF in 33 patients: 19 inPersAF group (19/33, 58%), 14 in LSPersAF group (14/33, 42%;P= 0.50).
• Atrial fibrillation termination occurred during ablation in regionsexhibiting RR-EGMs in 31/33 cases (94%).
• Patients converting to SR during ablation had more RR-EGMs ablatedthan those remaining in AF (4.00 ± 2.06 vs. 2.81 ± 1.45; P =0.003).
• Patients experiencing SR conversion during ablation showed a 63% AFfreedom, although not significantly different as compared to thosewho did not (21/33, 63% vs. 23/50 46%, P=0.12).



CLINICAL OUTCOME

Ciconte G, ….. Pappone C. Europace 2019

At the latest follow-up, arrhythmia freedom was higher among patients receivingablation >75% of Rep-Reg sites (Q4 82.6%, Q3 63.1%, Q2 35.1%, and Q1 0%; P< 0.001).



Clinical Trial Registration:
URL: https://www.clinicaltrials.gov. Unique identifierNCT02571218 Pappone C, Ciconte G et al. Circ Arrhythmia Electrophysiol 2018



METHODS
Patient enrollment
Randomization

High Density AF MapCollected(Operator Blinded)
High Density AF MapCollected

mCPVA

AF Substrate ablation

mCPVA

Discharge Discharge

Mapping-guidedN = 41ControlN = 40

3 Month Follow Up – Clinicalevaluation & ICM implant 3 Month Follow Up – Clinicalevaluation & ICM implant

6 & 12 Month Follow Up – ICMreading, 24 hr. Holter or TTmonitoring & clinical evaluation
6 & 12 Month Follow Up – ICMreading, 24 hr. Holter or TTmonitoring & clinical evaluation

Study workflow



Anatomical distribution of AF drivers
Control group
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Mapping-guided group
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6.7 ± 2.5 and 6.1 ± 2.3 fast/regular sites were identified per patient in the control andsubstrate group, respectively (p = 0.30)There were 247 fast/regular sites identified in the Control group and 232 in the substratearm (p=0.11), 38% and 41% of which located in the PVs in the control and substrate arm,respectively.
Circ Arrhythmia Electrophysiol 2018



ACUTE PROCEDURAL OUTCOME
Control group (N=40) Mapping group (N=41) P-value

AF termination 12 (30%) 25 (61%) 0.007
Cardioversion 28 (70%) 16 (39%) 0.007
AF re-inducible by pacing 8/26 (31%) 3/33 (9%) 0.05
Procedure time [min] 125 ± 25 141 ± 29 0.02
Mapping time [min] 23.1 ± 7.8 25.2 ± 8.0 0.46
RRa RF time [min] NA 17.7 ± 9.8 NA
Complete RF time 33.0 ± 10.9 35.4 ± 13.3 0.38

• Mapping-guided ablation resulted in intraprocedural arrhythmia termination in 25 patients (25/41, 61%), whereas theremaining 16 (39%) experienced a significant AFCL prolongation.• In Control group, 12/40 (30%) individuals converted to sinus rhythm during ablation, whereas in the remaining 28 ptsshowed AFCL prolongation (188.6±45.6 versus 213.5±56.2 ms; p<0.001).



Example of Driver Ablation
• 75 yo female
• 1st time ablation
• LV EF 55%
• LA area 31.3 cm2



Driver map (movie)



Sinus rhythm after 3.5 minutes of substrateablation (movie)
Total Lesion set on roof before AF termination



RESULTS-AF Freedom rate at 12-month follow-up
• At 6 and 12 month follow up patients were monitored forsymptomatic AF episodes by ICM, 24-hr Holter, TT recordings orclinical evaluation

Subject monitoring method Control arm(N=40) Substrate arm(N=41)
ICM 29 (73%) 28 (68%)
24-hr Holter 5 (13%) 2 (5%)
Transtelephonic monitoring 1 (3%) 0 (0%)
Clinical evaluation 5 (13%) 11 (27%)

• Table 3. Distribution of subject monitoring method



1-year CLINICAL OUTCOME

• All 81 patients completed the 1-year follow-up.• Among 81 patients, 57 (70.3%) received an ICM (72% in control versus 68% in mapping group; p=0.80), whereas the• remaining 24 subjects (29.6%) received event transtelephonic and 24-hour ECG Holter monitors.



Cycle Length Mapping
Long standing Persistent AF Cases



Cycle Length Mapping - SETTINGS
• Initial Standard Preferences, to bechanged in relation with thespecific clinical case



METHODS
• LA Anatomical recontruction with PentaRay® Catheter
• Manual Mapping, acquiring points after 3-5 seconds of stability
• Automatically identification of triggering targets (shortest mediumcycle lenghts points)
• Targeting the ablation using propagation tool and focusing on first 2milliseconds
• Identify fragmented areas and Scar Areas



PATIENT HISTORY – Case 2
• 65 years old, Female
• Persistent AF since 4 years
• Resistent to external cardioversion and multiple AADs trials (class I and III)
• Dilated LA (125 ml),
• EF 45% in CAD treated with previous CABG





CLM vs BIP



CLM – Driver, LIPV



CLM – Driver, LSPV



CLM – Driver, RIPV



CLM – Fragmented Area 1



CLM – Fragmented Area 2



CLM Propagation



Ablation Target



SR Restoration during RF



PATIENT HISTORY
• 63 years old, Male
• Long-standing Persistent AF since 3 years
• April 2018 first RF Ablation Procedure
• Recurrences in fup resistent to electrical cardioversion
• LA 115 ml, EF 56%
Mapping Data:Area = 135,2 cm2Volume = 128,2 ccAcquired Points = 2243





CLM vs BIP



CLM vs BIP



CLM –Target, LIPV



CLM –Target, Roof



CLM – Fragmented Area 1



CLM – Fragmented Area 2



CLM Propagation



Ablation Targeting 1



Ablation Targeting 2



Ablation Targeting 2



SR restoration



CONCLUSIONS
• This novel AF mapping approach allows identification and characterization of multiple substrates,including fast and regular drivers, wave fronts with consistent propagation directions,fractionated activities, and low-voltage areas in real time
• The Integrated Substrate Map might facilitate identification of patient-specific features of AF andmight help understand the underlying mechanisms
• AF Ablation treatment might be tailored according to the underlying mechanism in each patient
• Single or multiple mechanisms can be identified and the burden of the lesions might be reducedor increased according to the complexity of the Substrate and Dynamic mechanisms
• Future prospective studies will further clarify the role of AF substrate mapping


