ﬁ SANTAMAR A

Ablation of persistent atrial fibrillation:
What is beyond pulmonary vein isolation?

Joao de Sousa

Faculdade de Medicina de Lisboa
Hospital de Santa Maria, CHLN




DISCLOSURE

R SANTAL

— Proctoring activities
» Boston Scientific, Medtronic
— Investigator
* Boston Scientific, Medtronic, St. Jude, Biotronik, Livanova

— Advisory Board
« St. Jude, Bayer

— Speaker honorarium
* Livanova, Biosense-Webster, St. Jude



ﬁ AT AF Catheter Ablation: PV focci
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» AF triggers are mostly localized in
the Pulmonary Vein ostia (94%)
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ﬁﬁ AF Ablation: Technigque evolution

PV electrical isolation Substrate modification

Segmentar, Circunferencial, Antral @ Linear ablation, CAFE, SNA ganglia
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Extensive antral ablation

M. Haissaguerre (1998) Haissaguerre, Kuck, Natale, PaponneNadamanee, Haissaguerre, Morady



ﬁs,\m LARIA AF ablation: PVI results

Electrogram guided circunferential
pulmonary vein isolation (2004)

» Carto/Navex reconstruction
» Single / Double circular mapping

» Encircling lesions in both ispilateral PV
» End-point of electrical PVI
» 95% accute success in PAF

» 22% pts needed two ablation
procedures

Ouyang F, Bansch D, Ernst S et al: Complete isolation of left atrium surronding the pulmonary veins:
new insights from the double-Lasso technique in paroxismal atrial fibrillation. Circulation 2004;110:2090-6




AF ABLATION: METANALYSIS

Ablation success in Paroxysmal AF

Metanalysis (19 studies; 6.167 pts)
o Diverse ablation strategies for PVI

o
)

2 G- —
S 0.6 ey ——g
Vc'b |
o
T-‘; 0.4
=
<
0.2
-5 PAF
0 T T T
1 2 3 4 5
Years After Ablation
1year 3 year
0 _ [
Single ablation 68,6% (58,9 61,1%
77,0) (49,8-71,2)
. . 85,7% 79,0%
Multi-ablation ’ 2
(81,9-88,7) (67,6-87,1)

Worldwide Survey of Catheter Ablation
for Human Atrial Fibrillation

Success Rates Relative to Follow-Up
Duration

Range of Follow- No. of Patients

Up Duration, mo (N=8,586) Overall Success

Ganesan A. | Am Heart Assoc. 201 3;2:e¢004549.

0-3 179 68.2%
4-6 906 67.8%
7-9 1271 73.9%
10-12 1537 89.9%
13-18 2607 78.1%
19-24 467  698% |
24 1619 895%
Cappato R. Circulation 2005;1 I1:1 100-05



AF ABLATION: METANALYSIS

Ablation success in Persistent AF

Late ablation success by AF type
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Metanalysis (|9studies)
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Persistent AF 50,8% ik 2% i T T
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Ganesan A. | Am Heart Assoc. 201 3;2:¢004549. 0
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Ablation strategies were designed trying to produce wide substract
modification in patients with lower probability of success (ie. long-
term perssitent AF)
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Persistent AF: long-term results

A Ablation protocol a5
Catheter Ablation of
- - - - - -
Long-Standing Persistent Atrial Fibrillation
‘ DC cardioversion |—)| SR: Acute PVI responder
- . .
5-Year Outcomes of the Hamburg Sequential Ablation Strategy
’ 0Ongoing AF (DC cardioversion failed): |
Acute PVI non-responder
Roland Richard Tilz, MD, Andreas Rillig, MD, Anna-Maria Thum, Anita Arya, MD, Peter Wohlmuth, l
Andreas Metzner, MD, Shibu Mathew, MD, Yasuhiro Yoshiga, MD, Erik Wissner, MD, LA
Karl-Heinz Kuck, MD, Feifan Ouyang, MD AlF
Hamburg, Germany l
Mapping and ablation ] [ DC cardioversion
Objectives This study describes the S-year efficacy of catheter ablation for long-standing persistent atrial fibrillation (LS-AF). l l
SR SR
Background Long-term outcome data after catheter ablation for LS-AF are limited.
B Ablation protocol Recurrent AF
R d
Methods Long-term follow-up of 56 months (range 49 to 67 months) was performed In 202 patients (age 61 * 9 years) gl
who underwent the sequential ablation strategy for symptomatic LS-AF. Initial ablation strategy was circumfer- o e o S
t 1 1(
ential pulmonary vein isolation (PV1). Additional ablation was performed only in acute PVl nonresponder, if direct 81108 sone iR
current cardioversion falled after PVI.
m Ablation of CFAES
Results After the first ablation procedure, sinus rhythm was documented In 41 of 202 (20.3%) patients. After multiple
procedures, sinus rhythm was maintained in 91 of 202 (45.0%) patients, including 24 patients recelving antiar- hd B 4 i o B 4 r
rhythmic drugs. In 105 patients, PVl was the sole ablative therapy, 49 (46.7%) of those patients remained in l I l 1
sinus rhythm during follow-up. Patients with a total AF duration of <=2 years had a significantly higher ablation
success rate than patients whose AF duration was =2 years (76.5% vs. 42.2%, respectively; p = 0.033). Persis- Mapping and ablation ] - [ DG cardioversion ] [ Mapping ana abiation
tent AF duration (hazard ratio: 1.09 [95% confidence interval: 1.04 to 1.13); p < 0.001) independently predicted l l
arrhythmia recurrences, and acute PVl responders had a reduced risk of relapse (hazard ratlo: 0.57 [95% confi- SR SR SR
dence Intervak 0.41 to 0.78]; p < 0.001) after the first ablation.
Conclusions During 5-year follow-up, single- and multiple ablation procedure success was 20% and 45%, respeftively, for
tients with LS-AF. For patients with a total AF duration of <2 years, the outcomes were favorable.| (J Am Col 2
|
08 )
L
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AU Summary of Ablation Procedures 08 ﬁ\
“'th
PVI and Additional Ablation e
0.4 - w
Procedure PVI Only Until This Procedure CFAE LA Line SVC/AES Lt —HE
First procedure (n = 202) 165 (165) 29 (29) 12 (12) 7(7)
Second procedure (n = 126) 0 (60) 15(21) 24 (26) 13 (0) 0.2
Third procedure (n = 42) 0(5) 15 (20) 21 (26) 1(0)
Fourth procedure (n = 11) 0(0) 1(2) 3(6) 0(0)
—————— OO, 0@, 0@ @ 00 + Censored 1: AFTOTAL<=24 — —— 2. AFTOTAL>24
Ablation summary (last procedure) 105 60 60 21 0 1 2 3 4 5 6

Years




ﬁ SANTAMAR]/ AF: Natural history

AL
\

Hypertension
CHF

§
Start atrial

ECY ECV

Electrical Electro-Structural
Paroxysmal AF Permanent AF
» Extensive atrial fibrosis, LA dilatation

» Pulmonary veins Focal Triggers

» Rotors (micro-reentry circuits) in
PV antrum
»> No atrial fibrosis

» Complex substrate

» Focal Triggers (PV, Post LA, SVC, CS)

» Rotors in PV antrum and post LA antrum
» Drivers to perpetuate AF
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What to do when PVI fails?

e Re-Confirm PVI

 Electric substrate:
— Trigger ablation

— Ganglionic plexus
ablation

— CFAE ablation
— Rotor ablation
* Anatomy substrate

— Linear lesions
— “Fibrosis” ablation

« Surgery

» Rate control
— Drugs
— Ablate & pace

I )
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Triggers in 94% localizedin PV ostium
. in paroxysmal AF
@y N o N Aditional Triggers Often localized in PV
atrium -t 0 " ™~ y y BV o
LSPV )i} B F), 0 antrum
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FINDINGS AFTER 2ND PV| ABLATION

4reconnected PV

N=2886 initial PVI 69
181 (6%) > 2 PVI; >4 PVl in 35 e — 27
69 (41%) had all 4 PV reconnected i
Only 13 (8%) had all the veins isolated swomeceary
72% had non-pulmonary triggers R————
I 13

= number of pts

50 non PV triggers causing AF or AT in 36 pts
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Lin et al. Electrophysiologic Findings and Long-Term Outcomes in Patients
Undergoing Third or More Catheter Ablation Procedures for Atrial Fibrillation.
J Cardiovasc Electrophysiol, Vol. 26, pp. 371-377, 2015)



PVI IS THE CORNERSTONE IN AF ABLATION

PVI is the central element in AF ablation and is the only efficacy-tested

technology

Point-by-point ablation

3D — Carto™ NavxX™

'

Contact-monitoring

“Single-Shot” Ablation

100
-. 20 i Hazare ratio, 0.96 (95% C), 0.76-1.22)
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PVAC

Pulmonary Vein
Ablation Catheter




Improve lesion “quality”
to obtain sustained PV
isolation

Steerable sheet

Contact-monitoring
technology

RF application monitoring
(Visitag™, Automark™)

Duration

(segs)

Force Time Integral
FTI™

Lesion Index

VisiTaG

Jump Index <6

100%

Isolated

Proportion of Veins
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N
X

80%
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X
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98%

EFFICAS | EFFICAS I
»

[ I

CF group Blind group

PV acute reconnection

Nakamura K. J Interv Card
Electrophysiol 2015;44:235-45

Relationship between Min FTl and
% of gap In PV segments

ns

p <0.,001

Min FT1 < 400 gs Min FTI > 400 gs
N=224 N-94

. No gapin PV segment [}

Neuzil P. Circ Arrythm
Electrophysiol 2013



How TO IMPROVE PVI QUALITY?

Conventional Contact Force-guided & > LSI -guided ablation
AF ablation Continuity-guided ablation
- Irrigated conventional Targets: = Ablation Index-guided ablation
catheter » Force: 20 g (min: 10g; max: 30g) _
. Non-steerable sheath ~ FTI: >400gs for any ablation point | . Target: 550 at anterlqr wall
» EGM guided-ablation ~Jump index <6.0 400 at posterior wall
5 100% 5 100% 100% 96%
g 2 85% e
S 80% 72% S 80% g%
(7] (72} )]
2 2 2
= 60% = 60% 9 60%
Z : 7
o o
40% 40% 0 40%
S S £
£ £
o 0 (o} o o 0
2 20% 2 20% £ 20%
a a ©
0% 0% 0%
EFFICAS-I EFFICAS-II Duytschaever
N=102 N=91

M Duytschaever, Bruges, Not published
Contiguous lesions. Settings: Stability: 8 sec, 3 mm; FTI: >3g, >30%; Target CF: 10-40g, Target Power: 3540 W



WHAT BEYOND PVI?

1. Atrial Compartmentalization: Linear lesion

Multiple wavelet Cox-Maze Surgery
reentry theory

A 4

» Reduced success

(difficult to produce
trans-mural linear
lesions)

> Acute
complications
(stroke, AE fistulae)

“Persistence of fibrillation
depends on a critical mass of
tissue large enough to
support multiple reentrant
waves that prevent
simultaneous termination of
all underlying re-entrant
activity.” LA posterior Box

» latrogenic atrial
macro-reentry

v

RA linear ablation
Gordon Moe Roof line
Mitral isthmus line




WHAT BEYOND PVI?

2. Ablation of non-PV focal triggers

Present in 11% of patients:

» Crista terminalis/Eustaquien valve — 36%
» CS / mitral annulus/ lig. of Marshall — 15%

» Superior vena cava— 14%
» LA posterior wall — 5%
» LA appendage

« Ultility of systematic non-PV focal triggers search is
not well demonstrated

» Benefit of empyrical LAA ablation is debatable
(BELIEF-AT trial)

N=2.168

Sustained PV triggers were
identified in 70% of pts with PAF
and in 50% of pts with non-PAF.
Prevalence of non-PV triggers was
similar : 11%

P=0.99

12
1

o

Prevalence (%)

(= S 2«

Paroxysmal Persistent Longstanding
Persistent

Provocative manoevers:
» Isoprenaline infusion (up to 20 pug/min)
» Premature beats after CV / Overdrive pacing

Santangeli P. Heart Rhythm 2016;13: 374-82.



WHAT BEYOND PVI?

‘ SANTA
3. Autonomic ganglionic ablation

Autonomic system has relevant role in AF initiation (AF
episodes during sleep, related to sleep-apnea, post-

. LSPV >
prandial)
Ganglionic plexus are located in epicardial fat pads, —
close to PV ostium LIPV &

vein and L)) NN
ligament of Marshall \—=

« Utility of selective mapping and ablation of
ganglionic plexus is not demonstrated

« Concomitant ganglionic plexus ablation is usual
during antrum of PV ablation

« Autonomic re-enervation occurs in the long-tem

Gangionic plexus are mapped with stimulation manoevers: soseromedil (AP
Vagal response (bradycardia, pause or AVB) during high
frequency pacing (5 secs at 20 Hz, with 30 mA and

10msecs impulses) Kurotobi T. Heart Rhythm 2015;12: 470-76.



WHAT BEYOND PVI?

3. Ablation of ganglionic plexus

No GP Ablation GP Ablation
(n =123) (n=117) p Value
. . Baseline
AFACT Study: randomized controlled trial Age, yrs =T PR
evaluating the efficacy and safety of additional LA diameter, mm 42355 421£56 0740
. . . . . LAVI, ml/m? 40.3 +£13.0 383+104 0.198
ganglionic plexus ablation in pts undergoing LVEF % 519+ o1 oi18 0o
thoracoscopic AF surgery AF characteristics
Duration, yrs 5 (2-10) 4 (2-6) 0.063
Paroxysmal AF 55 (45) 43 (37) 0.238
Persistent AF 68 (55) 74 (63) 0.238
100 CHA,DS,-VASc (range) 1.4 +13(0-7) 14+12(0-6) 0.770
p = 0.696
& 80- —c
3 ol
- -
= 07 p-002
§ °07 I No GP Ablation
(4 B GP Ablation
<
E 40 154
o —~
& L
E N
§ No GP Ablation :>: 10 —
e GP Ablation 9
0- g
T | I T T T 3
0 2 4 6 8 10 12 5
Follow-up (Months)
Ganglionic ablation had no effect on the 0 Mor Procellurs | Mince Brocedine o Waor vinor
H £ 0 Related Related on-procedure  Non-procedure
ablation success, but increased the risk Related Related
Of Serious pOSt-Op Compllcatlons Driessen A.J Am Coll Cardiol 2016;68:1155-65




WHAT BEYOND PVI?

4. Modification of electric substrate A A~
v, J\J’J\’Wr"/\/—f\
CS7-8 MNH‘N“\M"W/“W‘MA/—

maintain AF
CSs5-6 W—«?\WW

Complex fractionated atrial electrograms (CFAEs) o | | +

(1) Low-voltage EGMs (0.06-0.25 mV/) S S S S L A e o

Posterior

(2) 22 deflexions, continuous activity or cycle <120ms septum 1-2

To eliminate critical factors that precipitate or

(3) Stablein time and space Complex fractionated atrial electrogram map
LSPV RSPV RIPV
» N =121 refractory AF (64 persistent) A’ & iy
» Electroanatomic mapping (CARTO) - CFAE were found / e % :

in interatrial septum, PV, roof of LA, and left
posteroseptal MA and CS ostia

» Ablation resulted in termination of AF in 115 ofthe 121

patients (95%)
» l-year follow-up, 110 (91%) pts were free of arrhythmia, o0 SRS
92 after one ablation and 18 after two S T
& JG g

Nademanee et al. JAm Coll Cardiol2004; 43:2044-53



WHAT BEYOND PVI?

4. Modification of electric substrate

Non-DE tissue Delayed enhanced
1 tissue

+2SD +3SD +4SD

Complex fractionated atrial electrograms (CFAEs)

There is no correspondence between areas of CFAEs
and the distribution of atrial fibrosis (delayed
enhancement or low voltage)

CFAE as Percentage of DE Region
80%

[ P<0.01 |

[ P=0.01 |
60% X CFAE Map (‘\ N
A

50% \' > 'l"| HI“‘H I
f’ ; ‘éi | -

70%

40% \r

30% W -y f

(Y
20%

10%

0%
Perc gedense Perc ge patchy Percentage non-
DE areas with DE areas with CFAE  DE areas with
CFAE CFAE

= C— P R R T=F
Wil

kL
lI lI‘

Experimental studies suggest that CFAEs could represent
anchors or reentry rotors (38%) and triggered activity
(1%), but they are in the majority bystander complexes
resulting from multiple wave collision (47%)

Jadidi A. J Am Coll Cardiol 2013; 62:802-12.



WHAT BEYOND PVI?

SANTAM
4. Modification of electrical substrate

To eliminate critical factors that precipitate /
maintain AF

» Rotors —unstable circular reentry activation that
behavior as drivers to maintain AF

> Rotors have prefered anchor localization areas in each
particular patient

> Rotor ablation can increase sinus rhythm maintenance




ﬁmm' .= AF Ablation: focal and rotor ablation

* “Focal impulse and Rotors modulation” (FIRM) in
addition to conventional ablation:
— Rotor (stable microreentrant rotational
activity) or focal sources in 86 (97,7%) with
1,9 rotors/patient, 67% in LA and 33% in RA

Right Atrial
Basket

A Left Atrial Rotor in AF B FIRM: Sinus Rhythm in < 1minute

Right Atrium Left Atrium F Sinus
1 JM

|

L i
..

. Rotor

(FIRM

Site)

PO VPV | l

Oms Ccs o frt r ’

Multiprocedure, p=0.007

1.0 ™1 Conventional
™Y FIRM

0.8
©
2
£ 0.6
3
wn
v
4
o 0.4+
™
<

0.24

0.01

T T T T T T T
0 200 400 600 800 1000 1200
Days
Number atrisk 27 24 23 22 18 6 2
65 a4 36 i3 30 26 23

Freedom From the Primary Endpoint

Freedom from the primary endpoint (atrial fibrillation [AF]) for focal impulse and
rotor modulation (FIRM)-guided ablation (blue) and conventional ablation (red)
(p = 0.003).

Narayan et al: JACC 2012; 60 (14); 628-636
Narayan et al: JACC2014; 63 (17):,1761-8
Extended Follow-up



ROTORS MAPPING

Surface ECG Mapping (Haissaguere)

Rotors are unstable and self-limited but tend to reappear |
spacially in the same spot, have preferencial anchor |
locations in each patient .

Number of drivers increased with the AF type and
duration, atrium dimension and fibrosis area.

- Rotors anchor zones were mostly localized in the scar
borders

Arrhythmogenic driver-density maps

Yellow trajectories indicate sites of anchoring; Red trajectories indicate transit paths
White indicates late gadolinium enhancement focal fibrosis MRI




WHAT BEYOND PVI?

5. Modification of the anatomy substrate DECAAF Study; N=272

Atrial ﬁbrosis degree identiﬁed by mstagel(ﬂo%ofatrilalt . — LStageZ(alU%—QO%ftrilwll) —
delayed-enhancement — MR in a
good predictor of the ablation result

What is the role of atrial fibrosisin
AF progression?

Anatomy barrier to reentry 1o-
Areas of slow conduction £ 0sl
Anchor of rotors P Staged
% Stage 3
‘% 0.41 Stage 2
:
£ 0.2
. . £ » ' Stage 1
...still no evidence! E 4'_,_,_:—f‘ e
0 T T T T T 1
0 90 180 270 360 450 540

Marrouche N. JAMA 2014;311(5):498-506 Days Since End of Blanking Period



WHAT BEYOND PVI?

5. Modification of anatomy substrate

Bipolar Bipolar
1-Map > 126 Points » 1-Map > 12fPoints

» Extension of low voltage area (dense scar
<0,2 mV; diseased myocardium 0,2-0,5 mV;
healthy myocardium >0,5 mV) is a good
predictor of unfavorable ablation result

LVA Distribution
W|th|n LA

septal
61

§ 54 posterlor a.p.
(]
o '__' "Healthy” low voltage area (LVA)
3 . .
3 . i{ Left Atrium %eft M
© ~ root With Substrate
T8 - Paroxysmal AF 90%:
< Scar » &, .\l Paroxysmal AF | 10%
o 3+ “ N Persistent AF | 65% i -
g infelibr Persistent AF 35%
()] \ s
% 2 e /-\ postero- P J ‘-
c - Iateral "~
= - —— / Q ‘ - p
- - - - <) f\ .
A = —-— J"-
- # ! NO Scar “JJ anterior /g‘
0.0 . ‘f
60 140 220 g low voltage area (LVA)

Follow-up Time (days
P (days) RolfS. Circ Arrhythm Electrophysiol. 2014;7:825-833



WHAT BEYOND PVI?

5. Modification of anatomy substrate

> Isolation of low voltage area (BIFA: Box Isolation of Fibrotic Area)

Persistent AF (N=31) or Paroxysmal AF redo with isolated PV (N=10)

: Cardioversion
Anatomical map

+
+ :
PV Bipolarvoltage
map

Individualized
substrate
L e— modification
Encircling conecting to
antrum ablation

Validation of
encircling
ablation

Kottkamp H. J Cardiovasc Electrophysiol, 2016; 27:22-30



WHAT BEYOND PVI?

5. Modificat
100ee 4
» Isolation of 1d
BG4
) 659.2%
{ .
Persi 7 51 10)
%
$
0%
eI
. Multiple proc. Soldy PYI{FACK 0-1) T
Anatomlca Multiple proc. BIFA {+M1) (FACK 2-3) L
+ 2P <
PVI Single proc. BIRL |49 [FACM 2-3) r, - el B4 (logrank]
Single proc. Solely PVI{FACM 0-1) i * el 747 {logrank]
|_'ﬁ.;,_ -
0 3 & 3 12
ooy -iaD e (montine)
Validation Of Patients at risk 1] 1a]+] 3 ma B imo 12 ma
encircling Total n=31 a1 21 26 23
ablation Solely PV n=13 13 13 11 10
PVH-BIFA n= 18 18 18 15 13

Kottkamp H. J Cardiovasc Electrophysiol, 2016; 27:22-30



WHAT BEYOND PVI?

5. Modification of anatomy substrate

» Isolation of low voltage area

1st Ablation Paroxysmal / Persistent AF

Low voltage area in 10% of Paroxysmal and in 35% of Persistent AF

Anaton;y Map Validation
Cv - ‘ Loss of Local
* - Pace Capture
PVI ‘ During Ablation
\j
Voltage Map
v
Substrate
Modification
(encircling lines, scar "
homogenization) X ’ Absent Pace Capture in Areas
* “ , 3 Excluded by RF Ablation

Validation (mapping,
diferential pacing)

Inducibiltty check

RoIfS. Circ Arrhythm Electrophysiol. 2014;7:825-833



WHAT BEYOND PVI?

5. Modification of anatomy substrate

» Isolation of low voltage area

Anatomy Map
¥
Cv

¥
PVI1

\
Voltage Map

\
Substrate
Modification

(encircling lines, scar
homogenization)

\
Validation (mapping,
diferential pacing)

Inducibiltty check

1st Ablation Paroxysmal / Persistent AF

Ablation success rate
among patients with
fibrosis submitted to
substrate modification was
similar to those without
low voltage area

AT/AF free Survival

0.8

0,64

0.49

0.2

0,04

Patients with low-voltage areas
submitted to PVI + substrate
modification

b ¥ (N=47)

Patients without low-voltage
areas PVI only (N=131)

Patients with low-voltage areas not
submitted to substrate modification
PVI only (N=26)

T T T
200 300 400

Follow-up duration (days)

RoIfS. Circ Arrhythm Electrophysiol. 2014;7:825-833



WHAT BEYOND PVI?

Total persistent AF patients: 85
AA-Drug therapy and electrical CV 10 weeks prior to

Selective voltage-guided AF ablation

/

@

18 pts (22%) in Sinus rhythm [ 67/85 pts (79%) in atrial fibrillation
: : TN
— N= 85 pts with persistent AF /‘? Pl loed o A5t 5 vt
SR/ CS-pacing Arrh mgsgz;l:sA:tﬁal 5/85 pts (7%)
— High-density atrial voltage mapping, PVI, R e2sis 75
. “PVi-only” as ablation
and ablation at low-voltage areas (LVA<0.5 A,,,mﬁ,m ‘\‘1‘““‘::::;"'"7:;"'
. . . . .o ablation at low voltage PVI+ at.
mV in AF) associated with electric activity stes: 45/62(73%) | | woltagesites: 17/62127%)
lasting >70% AF cycle length, or rapid local artemintst s p———

. . by PVI +.ablatlon at low voltage tachycardia / flutter by
activity (group 1) compared to PVI only e " pensisien
(Group Il in 66 pts). ____ V4 % |

— Procedural end point: AF termination. 1 el I Wi
— Termination of AF occurred in 45 (73%) A
after 119 minutes RF delivery. _ | Median FU: 13months
— AF-termination sites localized within LVA ‘;" o]
(80%) and at border zones (20%). 3
. . L S Log-rank
— Single procedural arrhythmia freedom at 13 o o M. p<0.001
. . -
months f/u: 69% in Group | © e
£ 044 L
£ :
Z
i 929 __ PVI + Selective Voltage-guided Ablation
<
-- Conventional PVI-only
00 T T T T T 1

0 100 200 300 400 Time (days)

. qe . . 85 84 76 73 68 66 46 31 27 PatientsatRisk
Jadidi A: Circ Arrthythm Electrophysiol. 2016;9: 66 57 42 38 31 24 21 20 15 PatientsatRisk




®... AF: MECHANISMS AND ABLATION STRATEGIES

Single stable focal or Multiple focal or
reentrant source reentrant sources
(Focal ablation, PVI) (PVI, non-PV triggers, CFAEs,
rotors)

i Y =
;—> f | ~ ——%
T ¥ e R4

/

Multiple wavelets
(Surgical MAZE, linear LA
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STRATEGIES FOR AF ABLATION €3,

Ablation of Persistent AF

PVI (Pulmonary vein

isolation)
PVI + encircling low PVl + Linear LAlesions
) (Roof, posterior wall, mitral isthmus)
voltage area (fibrosis)
PVI + Rotor ablation PVI + CFAEs

(endoc./ surface mapping)
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Table 1. Characteristics of the Patients at Baseline.®

Isolation Isolation Isolation
Alone plus Blectrograms plus Lines
Characteristic (N=67) (N=263) (N=259)
Age —yr 58=10 60+9 61:9
Male sex — mo. (%) 52(78) 213 (81) 19¢ (7¢)
Ejection fraction — % 55211 57«10 57«10
Left atrial diameter — mm 44=6 4416 4626
Time from first diagnosis of atrial fibrillation — yr 43263 4.2+50 36242
Burden of atrial fibrillation at baseline — he/mof 83236 85+33 80+37
Constant atrial fibrillation for 6 mo — no. (%) 52 (78) 207 (79) 185 (72)
100y
\* P 0.15 fior the overall compartson,
90 ty the log-rank test
£
=
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- Puimonary-wain isclation
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- - * Isclation plus clectrograms
T ow e Y
< e
5 4 1solation plus knes
E 304
i 204
-
104
W T T T T T T T T T T T T T T T T T 1
0 2 3 4 & 7 &8 9 M 11 12 13 M4 15 16 17 18 15
Months since First Ablation
No. at Risk
Pulmonayy vein isolation 61 0 41 36 2 DICINE
Isclation plus clectrograms 244 242 161 137 124 72
Isclation plus lines 244 240 152 133 115 57 :”

Verma et al: NEJM; 2015:372:1812-22

Approaches to Catheter Ablation
for Persistent Atrial Fibrillation

M.D..

7 Jiang. M.D.. Timothy R. Betts, M.D.. M.B.. Ch.B




ﬁg,\N%A' Yy What is FIRM success?

N =43 pts (Persistent in 44%)
« 2,6 rotors/patient (77% in LA)
» Acute complications: 9%
« Acute success in 47%:
— AF termination: 4 (9%)
— AF organization: 7 (16%)
— >10% CL slowing : 9
* Long-term success:
— Follow-up: 18%+7 months

— 37% without AF recurrence
— 21% without AA drugs

OASIS Trial (N = 113 pts persistent AF)
Follow-up: 12+7 months

Success:

- Group | (FIRM)- 14%

- Group Il (FIRM+PVI)- 52,4%

- Group Il (PVI+Triggers+Posterior LA) - 76%

Buch E et al: Long-term clinical outcomes of focal impulse and
rotor modulationfor treatment of atrial fibrillation: A multicenter
experience. Heart Rhythm 2016; 13(3): 636-641

A 1.0 4

PVAI + PW + non-PV Trigger Ablation

o
o

o
o

PVAI + FIRM Ablation

Freedom from AF/AT
Py
1

o
(S}

PVAI + FIRM PVAI + PW + non-PV Trigger
(Group II) (Group II1)

FIRM-only

I N

Mohanty S, Natale A et al: JACC 2016: RETRACTED




STRATEGIES FOR AF ABLATION €3,

Ablation of Persistent AF

PVI (Pulmonary vein
isolation)

et PN edtion

PVI + LinearLAlesions

PVI + encircling low
9 (Roof, posterior wall, mitral isthmus)

voltage area (fibrosis) Pro-arrhythmic LA scar

(spontaneous + iatrogenic)

Atypical LA flutter

PVI + Rotor ablation PVI + CFAEs
(endoc./ surface mapping)
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WHAT BEYOND PVI? - CONCLUSION

R SANTAL

Initial Ablation Strategy Arrhythmia recurrence Mechanism

PVI only AF episodes

PV reconduction

Micro-macro-reentry
around VPI

Peri-mitral flutter

) ) Roof Flutter
PVI + linear lesions

* Micro-macro-reentry

Atypical Atrial somewhere. ..
PVI + CFAEs Arrhythmia

(everywhere)




ﬁm'—m* AF Ablation: Decision algorithm

Individual patient

AF type

Extent of structural heart disease
Co-morbidities

Technique considerations
Cost-effectiveness

Benefits -« ~Complications: short/long term

Symptoms/ QOL
Morbidity

Mortality (L\




Ablacao de FA: Estratégias

Star-ll AF Trial

Verma et al: NEJM 2015
100+
P 0.15 fior the overall comparison,
90 ty the log-rank test
& s
=
2 70
E - N S— D.:rr’c:mrynin;sd:bon
& - »
- S . Isolation plus clectrograms
T 5 T a —
< TN —
5 40+ Isolation plus knes
-
'! E 30+
| i 20
-
104
c ) ) ] ) ] ) ) ) ) ] ) ] ) ] ) ) ] ) |}
o 1 2 3 4 S & 7 &8 9 ¥ 11 12 13 14 1% 16 17 13 1S
Months since First Ablation
No. at Risk
Pulmorary vein isolation 6l &0 50 41 36 i
Isclation plus clectrograms 244 242 1681 137 124 72
Isclation plus lines 244 240 152 133 115 57
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WHAT BEYOND

4. Modification of electrical substact Estudo experimental em modelo canino, comparando
mapeamento de CFAEs por NavX e por Ensite Array

Eliminar factores criticos para precipitacio/manutencao da FA

> Complexos fraccionados (CFAEs)
(1) EGMs de baixa voltagem (0.04-0.25 mV)
(2) >2 deflexdes, actividade continua ou ciclo <120ms
(3) Estavels em termos temporais € espaciais

Estudos experimentais sugerem que apesar de poderem
traduzir ancoragens/rentrada de rotores (38%) e
atividade trigger (1%), sao maioritariamente
bystanders resultantes da colisdo de ondas (47%) & .

i LsPvega
\ [IEN po Map cath

Complex fractionated atrial electrogram map

Nademanee et al. | Am Coll Cardiol 2004; 43:2044-53



SANTAM /

CFAEs
4. Modificacao do Substrato Eléctrico ‘,‘»{-A.',nf»;:’,,f,t,.,.;(J’14'».ll,J,.ﬂ,‘{/,--.{-ﬂ ~‘u.w,-'-_,,w."-..,l‘ b i J\Ju'.w',‘,.~~'||1:7,J‘,¢~,Y.*I}.u,; Wl
’ bl |y ' ! e
.« e rLe . e ~ ~ ! 500 ms
Eliminar factores criticos para precipitacio/manutencao da FA |

» Complexos fraccionados seleccionados pela analise da
frequéncia dominante (elevada)

Nos doentes com FA paroxistica, as areas com high-frequency
activity localizam-se nas VPs

Nos doentes com FA persistente, a ablagdo das areas com
high-frequency activity nao aumentou a taxa de sucesso

Paroxysmal AF (one HFS area) Persistent AF (multiple HFS areas)

Dominant frequency maps depicting high-frequency source ablation targets
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Universo de doentes em que a ablagao pode ser util expandiu-se...

Doenca puramente eléctrica

FA Paroxistica

FA Persistente

Curta Duragao

Tratamento com
potencial curativo

Sucesso a longo prazo: 60-65%

(80-85% com 2 procedimentos)

Doenca estrutural da auricula com
repercussdo sobre a funcao eléctrica

FA no Idoso
(e muito idoso...)

FAe
comorbilidades

FA em contexto de
card estrutural

FA Persistente
Longa Duragdo

Atraso da historia natural da
doencaem 5-10 anos

... progressao para FA permanente



y-ols-elo Ablacao de FA: Estrategias
SANTA

PVI1 + Isolamento areas fibrose

1,04 Patients with low-voltage areas submitted to PVI +
€ substrate modification
(N=47)
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Patients with low-voltage areas not submitted
to substrate modification
PVI only (N=26)

T 1 | 1 1 )
100 200 300 400

Follow-up duration (days
Rolf S. Clrc Arr )g‘hm E. ectro(ph));lgl 2014;7:825-833
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Ablacao de FA: Estratégias

Rotor Guided Ablation (FIRM)

OASIS Trial:

113 pts, persistent AF
FIRM (n=29) =
FIRM+IVP (n=42) /— =

IVP+Posterior wall+Non-PV trigger (n=42)

IVP + ablacao
(map endocardico 1.0 —-
08 T L‘ 4 _ PVAKPW4non-PV Trigger AbAlononr |
é 0.8 “ - PVAKFIRM Ablation
§
E 04
g 4
= Log-rank p <0.0001 + FIRM Only Ablation
IVP + eng 0.2 S
de baixa v -

3 6 g 12 15 18
Time to Recurrence (month)

Natalle et al, OASIS,IHRS 2016
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- Metanalysis: CFAE and linear lesions

CFAE Ablation

Linear Ablation

Risk ratio Risk ratio
Study or subgroup Weight M-H, random, 95% CI Year M-H, random, 95% CI
Verma 2007 8.3% 0.64 [0.27, 1.47] 2007 — =
Elayi 16.3% 0.64 [0.42, 0.98] 2008 —
Lin 11.8% 0.50 [0.27, 0.93] 2009 —
Oral 19.4% 1.03 [0.76, 1.39] 2009 ——
Verma 2010 41% 0.26 [0.07, 1.00] 2010 4+
Dixit 19.0% 1.39[1.01, 1.90] 2012 .
Verma 2015 21.1% 1.13[0.90, 1.42] 2015
Total (95% Cl) 100.0% 0.86 [0.64, 1.16]
Total events

Heterogeneity: t2=0.10; x2=20.15, df=6 (P=0.003); 12=70%
Test for overall effect: Z=1.00 (P=0.32)

0.2 05 1 2 5
CFAE+PVI PVI

Figure 2 Summary of the RR of recurrent AF/AT after a single procedure with adjunctive CFAE ablation compared with PVl alone.

Risk ratio Risk ratio
Study or subgroup Weight M-H, random, 95% CI Year M-H, random, 95% CI
Fassini 20.7% 0.38[0.20,0.74] 2005 ——
Willems 23.0% 0.39 [0.23, 0.67] 2006 —a—
Gaita 27.6% 0.72[0.54, 0.97] 2008 ——
Verma 2015 28.6% 1.20[0.96,1.50] 2015 HE—
Total (95% Cl) 100.0% 0.64 [0.37, 1.09] -
Total events
Heterogeneity: t2=0.25; y2=24.23, df =3 (P<0.0001); /2=88% f t f }
0.2 05 1 2 5

Test for overall effect: Z=1.66 (P=0.10)

LALA+PVI PVI

Figure 4 Summary of the RR of recurrent AF/AT after a single procedure with adjunctive LALA compared with PVI alone.

Scott P et al: EUROPACE2016;18:359-367



AF ablation: Metanalysis

Long-term Outcomes of Catheter Ablation of Atrial Fibrillation:

A Systematic Review and Meta-analysis

Anand N. Ganesan, MBBS, PhD; Nicholas J. Shipp, PhD; Anthony G. Brooks, PhD; Pawel Kuklik, PhD; Dennis H. Lau, MBBS, PhD;
Han S. Lim, MBBS, PhD; Thomas Sullivan, BMa, CompSc; Kurt C. Roberts-Thomson, MBBS, PhD; Prashanthan Sanders, MBBS, PhD

Background—In the past decade, catheter ablation has become an established therapy for symptomatic atrial fibrillation (AF).
Until very recently, few data have been available to guide the clinical community on the outcomes of AF ablation at >3 years of
follow-up. We aimed to systematically review the medical literature to evaluate the long-term outcomes of AF ablation.

Methods and Results—A structured electronic database search (PubMed, Embase, Web of Science, Cochrane) of the scientific
literature was performed for studies describing outcomes at >3 years after AF ablation, with a mean follow-up of >24 months after
the index procedure. The following data were extracted: (1) single-procedure success, (2) multiple-procedure success, and (3)
requirement for repeat procedures. Data were extracted from 19 studies, including|6 167 patients undergoing AF ablation. Single-
procedure freedom from atrial arrhythmia at long-term follow-up was 53.1% (95% Cl 46.2% to 60.0%) overall, 54.1% (95% Cl 44.4%
to 63.4%) in paroxysmal AF, and 41.8% (95% Cl| 25.2% to 60.5%) in nonparoxysmal AF. Substantial heterogeneity (I”>50%) was
noted for single-procedure outcomes. With multiple procedures, the long-term success rate was 79.8% (95% Cl 75.0% to 83.8%)
overall, with significant heterogeneity (1°>50%).The average number of procedures per patient was 151 (95% Cl 1.36 to 1.67).

Conclusions—Catheter ablation is an effective and durable long-term therapeutic strategy for some AF patients. Although
significant heterogeneity is seen with single procedures, long-term freedom from atrial arrhythmia can be achieved in some
patients, but multiple procedures may be required. (/ Am Heart Assoc. 2013;2:e004549 doi: 10.1161/JAHA.112.004549)




®... ROTORS MAPPING

Endocardial bipolar mapping
» 64-pole basket catheter (Topera) recording 5 segs periods
» Dificult map interpretation (low reproducibiliy)

» No contact with all the poles, unstable catheter
positioning

Utility not confirmed in multicenter study
(OASIS)
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