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A Case- A 70 y.0. man with a few months
h/o of fatigue, decreased effort tolerance

- h/o hypertension- Rx: Bisoprolol 5 mg
- Echo- LVEF 55%

- LA mildly enlarged

- 24hr holter- AF 90 (60 -140)

- Started on a NOAC, Flecainide

-DC CVN > NSR

- AF recurrence- 2 months. What now?
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A 70 y.o. with recurrent persistent AF

What will you do?
1. Send for a repeat CVN

2. Change the anti-arrhythmic drug (+/-
repeat CVN)

3. Send for PVI
4. Stop Flecainide and follow up only



Pathophysiology: A complex interaction
between triggers and tissue.

- Current mechanisms A
to sustain AF:

- Asingle focus firing ata  *
short CL

- A single, stable re- e 7o
entrant circuit of short
CL

- Multiple, unstable re-
entrant circuits of short
CL
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Natural History of AF
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PVI Better than Drugs
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Table |8 Randomized clinical trials of catheter ablation vs. antiarrhythmic drugs or no treatment in AF
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Study Reference | Patients | Age, years Type Previous Ablation Repeat Crossed at
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ablation the AAD
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L
Meta-Analysis of PVI vs. AADs

Review: Catheter ablation for paroxysmal and persistent atrial fibrillation
Comparisan: 1 Recurrence of AF in comparing CAwith Medicines (rhythm contral)
Cutcame: 1 recurrence of AF

Study or subgroup Experimental Contral Risk Ratio
niM niM M-H,Random,35% CI
Forleo 2009 7135 20/35 ——
lai= 2008 7I53 4659 ——
Erittayaphong 2003 315 /15 =
Oral 2006 (1) 14077 33/69 —i—
Pappone 2006 14799 75/99 ——
Stabile 2006 30/68 B3/69 -
Wazni 2005 4732 22035 —
Total (95% CI) 379 381 -

Total events: 79 (Experimental), 288 (Contral)
Heterageneity: Tau® = 0.21; Chiz = 21 .34, df = 6 (P = 0.002); F =72%
Test for overall effect: £ = 6.16 (P < 0.00001)
Test for subgroup differences: Mot applicable

0.05 a2 1 5 2
Favours experimental Favours contral

(1) Patients in the control group received amiodarone and transthoracic cardioversion.

Chen HS, Cochrane Database Syst Rev. 2012



Ablation Improves
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Meta-Analysis of PVI Efficacy
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PVI Long Term Success

- 36% persistent AF
- Single Procedure

Arrhythmia-free survival (%)
cEeo oo oo
S b L LA SN ) 00D —
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Follow-up (years)
Numberateisk | 100 | 36 | 3 | am | 20 [ w |

m Single Procedure Success

Kaplan-Meier event-free survival curve after a single catheter ablation attempt.

Weerasooriya R ..., Jais P. JACC 2011
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PVI for Persistent AF
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Tilts RR, et al. JACC 2012
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Back to the case- decided on PVI.
Patient arrives in AF
- All vein are isolated- patient is still in AF.
- What will be your next step?

1. ldentify and ablate complex atrial
electrograms (CFAESs) until AF converts
InNto NSR

2. Perform a roof line and/ or mitral isthmus
line

3. Ablate and Isolate the SVC

4. Shock the patient into NSR
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Different Strategies for Persistent AF

Group 1 CPVA n = 47 Group 2 PYAL n = 48 Group 3 CFAE + PVAL n = 48 P value

Mean follow-up (mao) ' :

Patients free of AF/AT after a single 5 (11% 19 (40% 30 (61% <.001
procedure (primary endpoint)

Patients free of AF/AT after 2 8 (17%) 27 (56%) 39 (80%) <.001
procedures and no AADs
{secondary endpoint)

Patients free of AF/AT after 1 or 2 13 (28% 41 (83% 46 (94% <.001
procedures and AADs (secondary
endpoint)

Elayi CS et al, Heart Rhythm 2008



Substrate and Trigger Ablation for
Reduction of Atrial Fibrillation (STAR AF)

101 Patients enrolled
e First Ablation ;}

« Failed > 1 AAD n=34 n= n=34
PVI+CFE PVI CFE
« 1/3 persistent |

—

|

E=MNEME-R

7

Verma A et al, Eur Heart J 2010



CFAE

Automated algorithm displays "lsooms 1go0 ' foo ' oo e Complex

Peak-td-peak-sze-néiﬁvit}f (minimum detection 003-005mV
threshold, avoids detecting noise)

EGM refractory period (avoids double-counting a 35—45 ms
single EGM with multiple components)

) EGM width (avoids detection of broader, 15—-20 ms
far-field EGMs)

EGM segment length (total recording duration at 5s
each point, obtains a mean CL for that point)

Interpolation (maximum distance between points 4—6 mm
which will be used to assign average values for
a vertex)

Internal/external projection (avoids collection of 4—6 mm
EGMs from electrodes that are not in good
contact with map shell)
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Substrate and Trigger Ablation for

FP=0.003

H 3 § 5 i 7 £ ] i i i1
Months Post-Ablation

FWI+CFE 34 dadl 28 25 25
Pl 32 32 20 14
OFE 34 J4 15 0 B

Verma A et al, Eur Heart J 2010



Substrate and Trigger Ablation for
Reduction of Atrial Fibrillation (STAR AF)
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Verma A et al, Eur Heart J 2010
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PVI/CFEA In Pers. AF Meta-Analysis

Risk Ratio, 95% CI
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STAR-AF I

To compare the efficacy of three different AF ablation
strategies in patients with persistent AF:

(1) Pulmonary vein isolation (PVI) alone

(2) PVI plus complex fractionated electrograms
(PVI+CFE)

(3) PVI plus linear ablation (PVI+Lines).

Verma A et al, ESC 2014
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STAR-AF |I: Methods - Patients

- 589 patients were recruited from 48 experienced ablation
centers in 12 countries

- Inclusion: symptomatic persistent AF (a sustained episode > 7
days and < 3 years) refractory to at least one antiarrhythmic
drug undergoing first-time ablation

- Exclusion: paroxysmal AF, sustained AF episode > 3 years,
left atrial diameter > 60 mm

Verma A et al, ESC 2014
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STAR-AF |I: Methods — Ablation Strategy

- Patients were randomized 1:4:4 to the three strategies:
- PVI, PVI+CFE, PVI+Lines

- PVI = PV antral isolation with endpoint of entrance and exit
block by a circular mapping catheter

- PVI+CFE = PVI followed by mapping and ablation of complex
fractionated electrograms during AF identified by validated
software in the 3D mapping system (Ensite Velocity)

- PVI+Lines = PVI followed by a left atrial roof line and a line
along the mitral valve isthmus with endpoint of bidirectional
block confirmed by pre-specified pacing maneuvers
Verma Aet al, ESC 2014
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STAR-AF II: Results

- 79% of patients presented to EP lab in spontaneous AF

- Successful PV isolation obtained in 97% of all patients (all
groups)
- CFEs were eliminated in 80% of patients

- 11% not ablated because AF non-inducible after PVI
- 9% all CFE could not be eliminated

- Both lines with block achieved in 74% of patients
- Roof line only 93%
- Mitral line only 75%

Verma A et al, ESC 2014



STAR-AF |I: Results — Procedural
Characteristics

mean time PVI+CFE PVI+LINES | p value
(min)
Procedure
<0.0001

Mapping

14 18 14 <0.0001
Fluoroscopy

29 42 41 0.0003

Verma A et al, ESC 2014
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STAR-AF Il: Results - Primary Outcome

Documented AF > 30 seconds after one procedure with or without AAD
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STAR-AF |I: Results - Secondary

Outcomes
PVI PVI+CFE PVI+LINES | p value
Freedom from
ARIAFLIAT 49 % 41 % 37 % 0.15
after 1
procedure
Freedom 1iuim
AF after 2 72 % 60 % 58 % 0.18

procedures

Freedom from

AF/AFL/AT after 60 % 50 % 48 % 0.24

2 procedures

Percentage of

patients still on 11 % 12 % 12 % 0.35
AAD at 18 mo

* AAD = antiarrhythmic drug

Verma A et al, ESC 2014
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STAR-AF Il: Results - Subgroups

Subgroup ':;:,':: PVI  PVHCFE PVILINES Hazard ratio (95% CI) p for interaction Hazard ratio (95% CI) mfn';m

Age <80 yr 264 B457 4716 5255 —-— o _..__ a8
>80 yr 285 5185 4838 3787 { B : -

Gender Male 430 595 502 4115 . ol —— o
Fernale 119 5714 3716 3438 s .

BMI s0kgm® 32 6903 5085 4600 —-— o _._ o
>Wkgmt 227 4091 4349 4214 - _—

CHADS; score o 1 455 80.72 5048 44.11 S g —— i
51 94 500 3233 4480 . .

Constantly inAF . 416 5301 4594 1.3 — o5 —— o
No 133 7857 8452 5163 » : ' - '

LVEF < 65% 201 4815 4013 4151 . i —— ia
> 55% 326 8861 5376 4725 — ——

[Asize < 45mm 302 673 5083 4742 —-—— o ——-— o
> 45mm 242 5000 4354 4023 "~ —_—

AAD at last OFF an 6888 5112 4971 — - e

follow up 0.21 069
oN 178 B84 4001 3424 . .

Overal 549 5892 4175 4447 N ——

__ Isolation Better _ Isolation + Electrograms Better Isolation + Lines Better _lsolation + Electrograms Better
0 0.5 1 15 2 25 0 05 1 15 2
PVl vs. PVI+CFE PVI+Lines vs. PVI+CFE

Verma A et al, ESC 2014
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STAR-AF |I: Conclusions

- Largest randomized trial to examine outcomes of catheter
ablation in persistent AF

- Additional CFE or Lines ablation increased procedural time
(may increase risk)

- No benefit in AF reduction when additional substrate
ablation (CFE or Lines) was performed in addition to PVI

- PVI alone achieved freedom from recurrence in about 50%
of patients — comparable to published success rates from
randomized, multicenter trials in paroxysmal AF

- Where do we go from here?



New Ablation Tools

Figure 1. Pulmonary Vein Ablation Catheter (PVAC).



Contact Force Guided Ablation
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Andrade JC et al Heart Rhythm 2014
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Atrial Scarring by MRI and AF Recurrence

10% of atri-)l wiall
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Freedom from recurrent atrial arrhythmia (%)

Ventricular T, > 380ms
Ventricular T, < 380ms
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McLellan A J et al. Circ Arrhythm Electrophysiol. 2014




Focal Impulse and
Rotor Modulation (FIRM)

AF Despite WACA/Roof Line, Mapped by FIRM
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Narayan S, JACC 2014



Ablation of Rotor and Focal Sources Reduces
Late Recurrence of Atrial Fibrillation Compared
w.ltl'l Tﬁm Ahliuﬂnn Alarn

All patients, single procedure, p=0.005 No prior RF, p=0.004
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am | 1 (e
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2 .........................................
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% R 00000000000008000000808 .}T
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Right Atrial
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A Instrumental
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Safety of Catheter Ablation to AADs

Catheter Ablation  Anti-arrhythmic Drugs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
2.2.1 Early Studies (Before 2009)
Krittayaphong 2003 2 15 0 15 43% 5.00[0.26,96.13] 2003
Wazni 2005 4 33 1 37 8.3% 4.48[0.53,38.14] 2005 1
Jais 2008 5 53 0 59 46% 12.22(0.69, 215.91] 2006
Pappone 2006 1 99 0 99 37% 3.00[012,72.76) 2006
Oral 2006 0 77 0 69 . Not estimable 2006
Stahile 2006 3 68 2 69 12.3% 1.52[0.26,8.83] 2006 — TS
Subtotal (95% Cl) 345 348 33.2% 3.35[1.15, 9.75] <=
Total events 15 3
Heterogeneity: Tau*= 0.00; Chi*=1.77, df=4 {(P=0.78), F= 0%
Test for overall effect Z= 222 (P=0.03)
2.2.2 Later Studies (After 2009)
Forleo 2009 2 35 2 22 106% 0.63[0.10,4.14] 2009 S— T —
Wilber 2010 1 103 2 56 B.7% 0.27 [0.03, 2.93] 2010
Nielsen 2012 11 138 6 148 40.4% 1.97[0.75,517] 2012 T —
Mont 2014 4 a8 0 48 45% 445(0.24,81.09] 2014
Morillo 2014 5 66 0 61 46% 1018[0.57,180.32] 2014
Subtotal (95% CI) 440 335 66.8% 1.51 [0.55, 4.15] B
Total events 23 10
Heterogeneity: Tau®= 036, Chi*=544 df=4 (P=024), F=27%
Test for overall effect Z=080(P=0.42)
Total (5% Cl) 785 683 100.0% 2.04 [1.10, 3.77] R
Total events 38 13
Heterogeneity: Tau®= 0.00; Chi*= 8.50, df= 9 (P = 0.48); F= 0% ’53 005 051 150 20&
Test for overall effect Z= 227 (P=0.02) . i " R
Test for subaroun differences: Chi*=1.13.df=1 (P=0.29.F=11.2% SRRSO Enmn Madieatoo

Khan AR, Circ Arrhythm Electrophysiol 2014



Amiodarone vs other AADS

Days of Follow-up

55 % Persistent AF
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SAFE-T

- All Pers. AF | A Al Patients _
1.0- Amiodarone vs. sotalol, P<0.001
0 Amiodarone vs. placebo, P<0.001
° 22 /0 >1 yr - 0.9+ Sotalol vs. placebo, P<0.001
=
E e 0.3
E _£= ﬂ.?—
& é‘ 0.6
5 w054
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ﬂ.ﬂ T T T T T T T T T [ 1
0 200 400 600 200 1000
Days
MNo. at Risk
Amiodarone 206 131 08 60 38 128
Sotalol 195 o7 6l 38 21 13
Placebo 00 21 11 i 5 i

Singh BN, NEJM 2005



The NEW ENGLAND JOURNAL of MEDICINE

STUDY OUTCOMES —
E The primary study outcome was the first hospi- ]

talization due to cardiovascular events or death

E from any cause. Any unplanned hospitalization

~ (1.e., admission with an overnight stay in the hos-

pital) was classified by the investigator as a hospi-

stefar talization due to either cardiovascular or noncar- |

Christ diovascular causes.'* Deaths were categorized by /1.D,
means of blinded adjudication, according to a mod-
ified Hinkle and Thaler classification,? into four
categories: death from cardiac arrhythmia, death
from nonarrhythmic cardiac causes, death from
noncardiac vascular causes, and death from non-
cardiovascular causes. This classification scheme




ATHENA
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Conclusions

- Ablation for Persistent. AF- LESS IS BETTER.
- No obvious advantage for anything more than PVI

- Better patient selection:
- Incorporating MRI, other markers

- Understand the pathophysiology:

- Rotor identification and ablation
- Accept limitations of ablating non-paroxysmal AF:
- Rethink AAD- mainly Amiodarone

- Paradigm Shift:

- Focus on symptoms/ QOL / Hospital admissions and not upon
AT/AF recurrence
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Thank you



