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Ø AF triggers are mostly localized in 
the Pulmonary Vein ostia (94%)

Haissaguerre, NEJM 1998.

Purkinje-
type cells

AF Catheter Ablation: PV focci



Focal VP Ablation

M. Haissaguerre (1998)

PV electrical isolation

Haissaguerre, Kuck, Natale, Paponne 

Segmentar, Circunferencial, Antral 

Substrate modification

Nadamanee, Haissaguerre, Morady

Linear ablation, CAFE, SNA ganglia

AF Ablation: Technique evolution



AF ablation: PVI results

Electrogram guided circunferential 
pulmonary  vein isolation (2004)

Ø Carto/Navex reconstruction
Ø Single / Double circular mapping
Ø Encircling lesions in both ispilateral PV
Ø End-point of electrical PVI
Ø 95% accute success in PAF
Ø 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



Success Rates Relative to Follow-Up 
Duration
Range of Follow-
Up Duration, mo

No. of Patients
(N=8,586) Overall Success

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 69.8%

>24 1619 69.5%

Cappato R. Circulation 2005;111:1100-05

Worldwide	Survey	of	Catheter	Ablation
for	Human	Atrial	Fibrillation

1	year 3	year

Single	ablation 68,6%	(58,9-
77,0)

61,1%
(49,8-71,2)

Multi-ablation 85,7%
(81,9-88,7)

79,0%
(67,6-87,1)

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

Ganesan A. J Am Heart Assoc. 2013;2:e004549.

AF ABLATION: METANALYSIS

Ablation success in Paroxysmal AF



Ablation success in Persistent AF

1	ano 3	anos

Persistent	AF 50,8%
(34,3-67,2)

41,6%
(24,7-60,8)

Metanalysis (19studies)

Ganesan A. J Am Heart Assoc. 2013;2:e004549.

Ablation strategies were designed trying to produce wide substract
modification in patients with lower probability of success (ie. long-

term perssitent AF)

AF ABLATION: METANALYSIS



Persistent	AF:	long-term	results

international normalized ratio of 2 to 3. Where the LAA
was isolated, lifelong OAC therapy was recommended.
In all other patients, OAC therapy was continued for at
least 3 months. Thereafter, indication for anticoagulation
therapy was solely based on the patient’s CHADS2
(congestive heart failure, hypertension, age !75 years,
diabetes mellitus, and prior stroke or transient ischemic
attack) score (9). Before discharge, a 24-h Holter record-
ing and echocardiographic evaluation was performed.
Discontinuation of AADs was recommended 3 months
after ablation. A transthoracic echocardiogram, 12-lead
electrocardiogram, and 24-h Holter recording were ob-
tained at our outpatient clinic or by the referring physi-
cian 1, 3, and 6 months after ablation and thereafter at
6-month intervals.

Recurrence was defined as episodes of AF or AT lasting
!30 s as documented by 12-lead electrocardiogram or

Holter monitoring. This study did not adhere to a pre-
defined blanking period. Clinical success was defined as
freedom from recurrence during the entire follow-up period.
Regression of persistent AF was defined as change from
LS-AF to PAF or maintenance of SR on AAD after
arrhythmia recurrence.
Statistical analysis. Categorical variables are expressed as
absolute and relative frequencies. Continuous variables are
expressed as mean " SD or median and interquartile range
as appropriate. Group mean differences were examined by
the Student’s t test for independent samples. Differences in
categorical variables between groups were compared by the
chi-square test of significance. Event-free survival were
estimated by the method of Kaplan-Meier and compared by
the log-rank test. Predictors of arrhythmia recurrence were
performed using Cox proportional hazards regression
models.

Figure 1 Ablation Study Protocol

Ablation study protocol at (A) the first ablation procedure and (B) the repeat ablation procedure. AF # atrial fibrillation; AT # atrial tachycardia;
CFAE # complex fractionated atrial electrogram; DC # direct current; PV # pulmonary vein; PVI # pulmonary vein isolation; SR # sinus rhythm.
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may have resulted in an increased complication rate per
patient, although it did not reach statistical significance.
Comparison with previous studies. Our study evaluated a
sequential approach to AF ablation while reserving addi-
tional ablative strategies for PVI nonresponders. That
makes this study unique and comparison with other studies
difficult. In all other studies, either PVI or additional
ablative strategies were performed, and DC cardioversion
after PVI was not attempted.

A recently published systematic review of the literature
evaluated the impact of ablation strategies on the outcomes
of LS-AF ablation (17). A total of 32 studies, including 4
randomized controlled trials, were analyzed. The meta-
analysis found that with respect to single-procedure and
drug-free success: 1) PVI is a superior approach compared
to PV ablation alone; 2) CFAE ablation alone is an inferior
strategy compared to PV ablation plus linear ablation at the
roof and mitral isthmus; and 3) CFAE ablation may or may
not provide incremental benefit when added to PVI (17).
The researchers concluded that, because of variation in
success within and between techniques, the optimal ablation
technique for LS-AF remains unclear.

A recent meta-analysis evaluated the efficacy of PVI
versus PVI plus CFAE ablation after a single procedure
without AADs (18); a total of 660 patients enrolled in 7
controlled trials were analyzed. The investigators found that
CFAE ablation in addition to PVI increases the rate of SR
maintenance in nonparoxysmal AF after a single procedure

(relative risk: 1.35 [95% CI: 1.04 to 1.75]; p ! 0.022), but
does not provide additional clinical benefit in PAF patients.
However, direct comparison of studies evaluating LS-AF
ablation is difficult, not only because of the different ablative
approaches but also because of heterogeneous patient pop-
ulations. For example, in several studies, patients with a
continuous AF duration of "12 months were included and
terms like “nonparoxysmal AF” or “chronic AF” used (17).

Despite the relatively conservative ablation strategy used
in this study, the single-procedure outcomes concur with
prior reports utilizing a more aggressive ablation protocol
(19), and at first procedure, PVI as the sole ablative strategy
was associated with a lower risk for arrhythmia recurrence.
Termination of AF at the first procedure as well as at the
last procedure did not influence outcomes. In this study, AF
termination was only attempted in acute PVI nonre-
sponders; these patients may, therefore, represent a sub-
group of patients with a more diseased LA, and thus explain
why, in contrast to other studies, AF termination did not
influence outcomes.

A recent study demonstrated that the LAA can be trigger
site of AF, and that LAA isolation may improve clinical
outcomes (20). However, the clinical impact and long-term
thromboembolic risk after LAA isolation is uncertain, and it
is important to balance the risks and benefits of additional
ablation as they may increase the incidence of potential
complications and adverse events such as LAA isolation and
the occurrence of iatrogenic AT (2,19,21).

Figure 4 Multiple Procedure Success for Patients With Total AF Duration <2 Years Versus >2 Years

Kaplan-Meier event-free survival curves for patients with total atrial fibrillation (AF) duration of "2 years (blue line) versus !2 years (red line) after the last procedure.
Plus sign (!) indicates censored. Arrhythmia-free survival was significantly higher among patients with AF duration "2 years (77% vs. 42% in sinus rhythm, p ! 0.033).
ATa ! atrial tachyarrhythmia.
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events as stated above. Thromboembolic events occurred in 2
patients without ATa recurrence and in 1 patient with his first
ATa episode after ablation. The latter 3 patients had
CHADS2 scores of 1, 2, and 3, respectively, and were not
receiving OAC therapy at the time of the event.

Five deaths occurred during follow-up due to myocardial
infarction (n ! 1), leukemia (n ! 1), non-Hodgkin’s
lymphoma (n ! 1), gallbladder cancer (n ! 1), and
unknown cause (n ! 1).
PVI as the sole ablative strategy. At the first procedure,
165 of 202 (81.7%) patients were acute PVI responders
(Tables 2, 3), and therefore received PVI as the sole ablation
strategy. Arrhythmia recurrence occurred in 132 of 165
(80.0%) patients. By the last procedure, PVI was the sole
ablation strategy in 105 of 202 (52.0%) patients (acute PVI
responder).

In the overall population, PVI alone was able to establish
long-term SR in 24.3% (49 of 202) of the patients and in
46.7% (49 of 105) of acute PVI responders. Regression of
AF was noted in another 27 of 105 (25.7%) acute PVI
responders (SR after readministration of AADs in 21 and
change to PAF in 6 patients).

The only significant difference between patients who
maintained SR after PVI alone and the remaining patients
was the mean duration of persistent AF (35.2 " 22.5
months vs. 53.5 " 48.5 months; p ! 0.045).

Acute PVI responders at the first procedure had a
significantly lower risk for arrhythmia recurrence (HR:
0.54 [95% CI: 0.39 to 0.74]; p # 0.001) than acute PVI
nonresponders. Patients undergoing PVI plus additional
ablation had a nonsignificantly higher risk for procedural
complications compared to patients undergoing PVI

Figure 3 Single and Multiple Procedure Outcomes

Kaplan-Meier event-free survival curve after the first procedure (blue line) and after the last procedure (red line).
Plus sign (!) indicates censored. Numbers at bottom indicate patients at risk. ATa ! atrial tachyarrhythmia.

Summary of Ablation ProceduresTable 2 Summary of Ablation Procedures

Procedure PVI Only Until This Procedure

PVI and Additional Ablation

CFAE LA Line SVC/AES

First procedure (n ! 202) 165 (165) 29 (29) 12 (12) 7 (7)

Second procedure (n ! 126) 0 (60) 15 (21) 24 (26) 13 (0)

Third procedure (n ! 42) 0 (5) 15 (20) 21 (26) 1 (0)

Fourth procedure (n ! 11) 0 (0) 1 (2) 3 (6) 0 (0)

Fifth procedure (n ! 2) 0 (0) 0 (0) 0 (2) 0 (0)

Ablation summary (last procedure) 105 60 60 21

Bold values indicate patients in whom this ablation strategy was performed for the first time. Values in parentheses indicate patients in whom this ablation strategy was performed either for the first time
or in whom it was repeated.

AES ! atrial extrasystoles; CFAE ! complex fractionated atrial electrogram; LA ! left atrial; PVI ! pulmonary vein isolation; SVC ! superior caval vein.
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Paroxysmal AF                            Permanent AF

Electrical Electro-Structural

Ø Pulmonary veins Focal Triggers
Ø Rotors (micro-reentry circuits) in 

PV antrum
Ø No atrial fibrosis

AF: Natural history

ØExtensive atrial fibrosis, LA dilatation
ØComplex substrate
ØFocal Triggers (PV, Post LA, SVC, CS)
ØRotors in PV antrum and post LA antrum
ØDrivers to perpetuate AF



What to do when PVI fails?

• 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



ØTriggers in 94% localized in PV ostium 
in paroxysmal AF 

ØAditional Triggers Often localized in PV 
antrum

ØRotors Often localized in PV antrum

ØAutononic  ganglionic plexus Localized 
around PV ostium

Pulmonary Vein Ostium: importance 

Purkinje-type cells



FINDINGS AFTER 2ND PVI ABLATION

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)

Ø N=2886 initial PVI
Ø 181 (6%) > 2 PVI; > 4 PVI in 35
Ø 69 (41%) had all 4 PV reconnected  
Ø Only 13 (8%) had all the veins isolated
Ø 72% had non-pulmonary triggers



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 “Single-Shot” Ablation

Contact-monitoring

Crioablation Kuck KH. N Engl J Med. 2016

PVAC
Pulmonary Vein 

Ablation Catheter

3D – CartoTM, NavXTM



HOW TO ACHIEVE EFFECTIVE PVI?

Improve lesion “quality” 
to obtain sustained PV 
isolation

Ø Steerable sheet
Ø Contact-monitoring 

technology
Ø RF application monitoring 

(VisitagTM, AutomarkTM)
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Nakamura K. J Interv Card 
Electrophysiol  2015;44:235-45  
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Neuzil P. Circ Arrythm 
Electrophysiol 2013AutomarkTM



Ø Irrigated conventional 
catheter

ØNon-steerable sheath
ØEGM guided-ablation  

Targets:
ØForce: 20 g (min: 10g; max: 30g)
ØFTI: >400gs for any ablation point
Ø Jump index <6.0

HOW TO IMPROVE PVI QUALITY?

Conventional
AF ablation

Contact Force-guided & 
Continuity-guided ablation

LSI -guided ablation

N=102 N=91

Target: 550 at anterior wall
400 at posterior wall

Ablation Index-guided ablation

M Duytschaever, Bruges, Not published 
Contiguous lesions. Settings: Stability: 8 sec, 3 mm; FTI: >3g, >30%; Target CF: 10-40g, Target Power: 35-40 W 



WHAT BEYOND PVI?

1. Atrial Compartmentalization: Linear lesion

Multiple wavelet 
reentry theory

“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.”

Gordon Moe

Cox-Maze Surgery 

Linear LA Ablation

• LA posterior Box
• RA linear ablation
• Roof line
• Mitral isthmus line

Ø Reduced success 
(difficult to produce 
trans-mural linear 
lesions)

Ø Acute 
complications 
(stroke, AE fistulae)

Ø Iatrogenic atrial 
macro-reentry



WHAT BEYOND PVI??

2.  Ablation of non-PV focal triggers

Present in 11% of patients:

Ø Crista terminalis/Eustaquien valve  – 36%
Ø CS / mitral annulus/ lig. of Marshall – 15%
Ø Superior vena cava– 14%
Ø LA posterior wall – 5%
Ø LA appendage

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

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% 

N=2.168

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

• Utility of systematic non-PV focal triggers search is 
not well demonstrated  

• Benefít of empyrical LAA ablation is debatable 
(BELIEF-AT trial)



WHAT BEYOND PVI?

3.  Autonomic ganglionic ablation

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

Ø Ganglionic plexus are located in epicardial fat pads, 
close to PV ostium

• 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:  
Ø 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

AFACT Study: randomized controlled trial
evaluating the efficacy and safety of additional
ganglionic plexus ablation in pts undergoing
thoracoscopic AF surgery

Driessen A. J Am Coll Cardiol 2016;68:1155-65 

Ganglionic ablation had no effect on the 
ablation success, but increased the risk 

of serious post-op complications



WHAT BEYOND PVI?

4. Modification of electric substrate

Complex fractionated atrial electrogram map

Complex fractionated atrial electrograms (CFAEs) 
(1) Low-voltage EGMs (0.06-0.25 mV)

(2) ≥2 deflexions, continuous activity or cycle <120ms

(3) Stable in time and space

To eliminate critical factors that precipitate or 
maintain AF

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

Ø N =121 refractory AF (64 persistent)
Ø Electroanatomic mapping (CARTO) - CFAE were found 

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

Ø Ablation resulted in termination of AF in 115 of the 121 
patients (95%) 

Ø 1-year follow-up, 110 (91%) pts were free of arrhythmia, 
92 after one ablation and 18 after two



WHAT BEYOND PVI?

4.  Modification of electric substrate

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

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

o 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%)

Complex fractionated atrial electrograms (CFAEs) 



WHAT BEYOND PVI?
4.  Modification of electrical substrate

Ø Rotors – unstable circular reentry activation that 
behavior as drivers to maintain AF 

Ø Rotors have prefered anchor localization areas in each 
particular patient 

Ø Rotor ablation can increase sinus rhythm maintenance

To eliminate critical factors that precipitate / 
maintain AF

structural heterogeneities hypothesis



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

mias using implanted continuous electrocardiography
(ECG) monitors whenever possible, using Reveal XT
(Medtronic, Minneapolis, Minnesota) after its U.S. ap-

proval in 2009 (Fig. 1B), or clinically indicated pacemaker/
defibrillators with AF detection algorithms. Continuous
monitors were interrogated at scheduled visits and at in-

Figure 1 Computational Mapping of “Electrical Rotor” During Atrial Fibrillation

(A) Electrocardiogram (ECG) and intracardiac signals in an 85-year-old man during paroxysmal atrial fibrillation (AF). (B) Fluoroscopy shows a 64-pole catheter in each
atrium, an implanted continuous electrocardiography (ECG) monitor, diagnostic catheters in the coronary sinus and left atrium, and an esophageal temperature probe at
the inferior left atrium. (C) Left atrial rotor during AF, showing clockwise revolution (coded red to blue based on activation time scale) around a precessing center for 3
cycles (AF1 to AF3; Online Video 1). The right atrium depicts the superior and inferior vena cavae above and below, and lateral and medial tricuspid annuli at left and
right. The left atrium depicts superior and inferior mitral annuli above and below, and pulmonary vein pairs. Electrodes are labeled A to H (Online Video 1). The right
atrium depicts the superior and inferior vena cavae above and below, and lateral and medial tricuspid annuli at left and right. The left atrium depicts superior and inferior
mitral annuli above and below, and pulmonary vein pairs. Electrodes are labeled A to H1 to 8, respectively. (D) Computationally processed and filtered intracardiac sig-
nals show sequential activation over the rotor path for cycles AF1 to AF3 (arrowed). The focal impulse and rotor modulation (FIRM) ablation at this rotor terminated AF to
sinus rhythm in !1 min (Online Videos 2 and 3).

Figure 2 Acute Termination of AF to Sinus Rhythm By FIRM Ablation

(A) Left atrial rotor with counterclockwise activation (red to blue) and disorganized right atrium during atrial fibrillation (AF) in a 60-year-old man. (B) Focal impulse and
rotor modulation (FIRM) ablation at left atrial rotor terminated AF to sinus rhythm in !1 min, with ablation artifact recorded at rotor center. The patient is AF-free on
implanted cardiac monitor at "1 year. Scale bars 1 cm, 1 s. Atrial orientations as in Figure 1. CS # coronary sinus electrogram.
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Narayan et al: JACC 2012; 60 (14); 628-636
Narayan et al: JACC 2014; 63 (17):,1761–8 
Extended Follow-up



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

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

Arrhythmogenic driver-density maps

ROTORS MAPPING



WHAT BEYOND PVI?

5.  Modification of the anatomy substrate

Ø Atrial fibrosis degree identified by 
delayed-enhancement – MR in a 
good  predictor of the ablation result

DECAAF Study; N=272

Marrouche N. JAMA 2014;311(5):498-506

What is the role of atrial fibrosis in 
AF progression?
Ø Anatomy barrier to reentry
Ø Areas of slow conduction 
Ø Anchor of rotors

…still no evidence!



WHAT BEYOND PVI?

5.  Modification of anatomy substrate

Ø 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

Rolf S. Circ Arrhythm Electrophysiol. 2014;7:825-833  

Verma A. J Am Coll Cardiol. 2005;45:285–292.



WHAT BEYOND PVI?

5.  Modification of anatomy substrate

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

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

Persistent AF (N=31) or Paroxysmal AF redo with isolated PV  (N=10)
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WHAT BEYOND PVI?

5.  Modification of anatomy substrate

Ø Isolation of  low voltage area

1st Ablation Paroxysmal / Persistent AF

Rolf S. Circ Arrhythm Electrophysiol. 2014;7:825-833  

Anatomy Map

CV

PVI

Voltage Map

Substrate 
Modification

(encircling lines, scar 
homogenization)

Validation (mapping, 
diferential pacing)

Inducibility check

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

Validation 



WHAT BEYOND PVI?

5.  Modification of anatomy substrate

Ø Isolation of  low voltage area

1st Ablation Paroxysmal / Persistent AF

Rolf S. Circ Arrhythm Electrophysiol. 2014;7:825-833  

Anatomy Map

CV

PVI

Voltage Map

Substrate 
Modification

(encircling lines, scar 
homogenization)

Validation (mapping, 
diferential pacing)

Inducibility check

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



WHAT BEYOND PVI?

Selective voltage-guided AF ablation

– N= 85 pts with persistent AF
– High-density atrial voltage mapping, PVI,

and ablation at low-voltage areas (LVA<0.5
mV in AF) associated with electric activity
lasting >70% AF cycle length, or rapid local
activity (group I) compared to PVI only
(Group II in 66 pts).

– Procedural end point: AF termination.
– Termination of AF occurred in 45 (73%)

after 11±9 minutes RF delivery.
– AF-termination sites localized within LVA

(80%) and at border zones (20%).
– Single procedural arrhythmia freedom at 13

months f/u: 69% in Group I

Jadidi A: Circ Arrhythm Electrophysiol. 2016;9:



AF: MECHANISMS AND ABLATION STRATEGIES

Single stable focal or 
reentrant source
(Focal ablation, PVI)

Multiple focal or 
reentrant sources

(PVI, non-PV triggers, CFAEs, 
rotors)

Multiple wavelets
(Surgical MAZE, linear LA 

ablation)

Unstable drivers at structural 
heterogeneities 

(Substrate modification guided by voltage 
mapping
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Ablation of Persistent AF

PVI (Pulmonary vein 
isolation)

PVI + CFAEs 

PVI + Linear LA lesions
(Roof, posterior wall, mitral isthmus)PVI + encircling low 

voltage area (fibrosis)

PVI + Rotor ablation
(endoc. / surface mapping)

STRATEGIES FOR AF ABLATION



Star-II Study: Persistent AF Ablation 

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



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

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 

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

OASIS Trial (N = 113 pts persistent AF)
Follow-up: 12±7 months
Success: 
- Group I (FIRM)– 14% 
- Group II (FIRM+PVI)– 52,4%
- Group III (PVI+Triggers+Posterior LA) - 76% 



Ablation of Persistent AF

PVI (Pulmonary vein 
isolation)

PVI + CFAEs 

PVI + Linear LA lesions
(Roof, posterior wall, mitral isthmus)PVI + encircling low 

voltage area (fibrosis)

PVI + Rotor ablation
(endoc. / surface mapping)

STRATEGIES FOR AF ABLATION

Pro-arrhythmic	LA	scar
(spontaneous	 +	iatrogenic)

Atypical	LA	flutter





WHAT BEYOND PVI? - CONCLUSION

AF episodes

Atypical Atrial 
Arrhythmia

Initial Ablation Strategy Mechanism

PVI only

PVI + linear lesions

PVI + CFAEs

• PV reconduction

• Micro-macro-reentry 
around VPI

• Peri-mitral flutter
• Roof Flutter

• Micro-macro-reentry 
somewhere… 
(everywhere)

Arrhythmia recurrence



AF Ablation: Decision algorithm

Benefits                        Complications: short/long term

Individual patient
Ø AF type
Ø Extent of structural heart disease
Ø Co-morbidities
Ø Technique considerations
Ø Cost-effectiveness

Symptoms / QOL
Morbidity
Mortality



Star-II AF Trial

Isolamento das 
Veias Pulmonares

IVP + CFAEs
(pot fraccionados)

IVP + Lesões lineares AE
(tecto, parede post, istmo mitral)

IVP + encircling de áreas 
de baixa voltagem (fibrose)

IVP + ablação de rotores
(map endocárdico/superfície)

Ablação de FA: Estratégias

Verma et al: NEJM 2015



WHAT BEYOND PVI?

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

Complex fractionated atrial electrogram map

Comparison of CFAE and non-contact map

Ø Complexos fraccionados (CFAEs)
(1) EGMs de baixa voltagem (0.04-0.25 mV)
(2) ≥2 deflexões, actividade contínua ou ciclo <120ms
(3) Estáveis em termos temporais e espaciais

Eliminar factores críticos para precipitação/manutenção da FA

o Estudos experimentais sugerem que apesar de poderem 
traduzir ancoragens/rentrada de rotores (38%) e 
atividade trigger (1%), são maioritariamente 
bystanders resultantes da colisão de ondas (47%)

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



QUE FAZER SE ISOLAMENTO DAS VPS FOR INSUFICIENTE?

4.  Modificação do Substrato Eléctrico

Dominant frequency maps depicting high-frequency source ablation targets   

Ø Complexos fraccionados seleccionados pela análise da 
frequência dominante (elevada) 

Eliminar factores críticos para precipitação/manutenção da FA

o Nos doentes com FA paroxística, as áreas com high-frequency
activity localizam-se nas VPs

o Nos doentes com FA persistente, a ablação das áreas com 
high-frequency activity não aumentou a taxa de sucesso

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



Tratamento com 
potencial curativo

Sucesso a longo prazo:  60-65%
(80-85% com 2 procedimentos)

Doença puramente eléctrica Doença estrutural da aurícula com 
repercussão sobre a função eléctrica

Atraso da história natural da 
doença em 5-10 anos

… progressão para FA permanente

ABLAÇÃO DE FIBRILHAÇÃO AURICULAR

Ø Universo de doentes em que a ablação pode ser útil expandiu-se…



PVI + Isolamento áreas fibrose

Isolamento das 
Veias Pulmonares

IVP + CFAEs
(pot fraccionados)

IVP + Lesões lineares AE
(tecto, parede post, istmo mitral)

IVP + encircling de áreas 
de baixa voltagem (fibrose?)

IVP + ablação de rotores
(map endocárdico/superfície)

Ablação de FA: Estratégias

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

(N=47)

Patients with low-voltage areas not submitted 
to substrate modification

PVI only (N=26)

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

Rolf S. Circ Arrhythm Electrophysiol. 2014;7:825-833  



Rotor Guided Ablation (FIRM)

Isolamento das 
Veias Pulmonares

IVP + CFAEs
(pot fraccionados)

IVP + Lesões lineares AE
(tecto, parede post, istmo mitral)

IVP + encircling de áreas 
de baixa voltagem (fibrose?)

IVP + ablação de rotores
(map endocárdico/superfície)

Ablação de FA: Estratégias

OASIS	Trial:
113	pts,	persistent	AF

Ø FIRM	(n=29)	

Ø FIRM+IVP (n=42)		

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

Natale et al, OASIS, HRS 2016



Metanalysis: CFAE and linear lesions

CFAE Ablation

Linear Ablation

Scott P et al: EUROPACE 2016;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 6167 patients undergoing AF ablation. Single-
procedure freedom from atrial arrhythmia at long-term follow-up was 53.1% (95% CI 46.2% to 60.0%) overall, 54.1% (95% CI 44.4%
to 63.4%) in paroxysmal AF, and 41.8% (95% CI 25.2% to 60.5%) in nonparoxysmal AF. Substantial heterogeneity (I2>50%) was
noted for single-procedure outcomes. With multiple procedures, the long-term success rate was 79.8% (95% CI 75.0% to 83.8%)
overall, with significant heterogeneity (I2>50%).The average number of procedures per patient was 1.51 (95% CI 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. ( J Am Heart Assoc. 2013;2:e004549 doi: 10.1161/JAHA.112.004549)

Key Words: ablation • arrhythmia • atrial fibrillation • long-term outcomes

C atheter ablation of atrial fibrillation (AF) has become an
established therapeutic modality for the treatment of

patients with symptomatic AF.1 To date, studies reporting
outcomes of AF ablation have predominantly limited follow-up
to 1 to 2 years after the index ablation procedure.2–4

Although the long-term efficacy of AF ablation is less precisely
defined, it is of critical relevance to individual patient
prognosis, clinical decision making, and reimbursement
policies for the procedure. Until recently, few series have
presented the long-term outcomes of AF ablation at ≥3 years

of follow-up. In the current study, we systematically reviewed
the medical literature to evaluate the long-term single- and
multiple-procedure efficacy of AF ablation.

Methods
The study was conducted in accordance with principles estab-
lished for meta-analyses of observational studies.5 We searched
PubMed, Embase, Web of Science, and Cochrane Database for
published articles describing long-term outcomes in patients
undergoing catheter ablation of AF. The search design was
conducted with the assistance of a research librarian, and the
detailed search methodology is presented in Appendix S1. This
search was supplemented by hand-searching bibliographies of
published studies and relevant review articles. Citations were
included if they involved an evaluation of percutaneous catheter
ablation outcomes at ≥3 years after the index ablation proce-
dure, with a mean/median follow-up of ≥24 months. Random-
ized controlled trials, case–control studies, cohort studies, and
case series were included. Individual case reports, editorials,
review articles, and meeting abstracts were excluded. Studies
published in languagesother thanEnglishwereexcluded. Studies
involving surgical AF ablation and AV nodal ablation, or exclusive

From the Centre for Heart Rhythm Disorders (CHRD), University of Adelaide and
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Accompanying Appendices S1 through S3 are available at http://jaha.
ahajournals.org/content/2/2/e000040.full
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ROTORS MAPPING

Endocardial bipolar mapping
Ø 64-pole basket catheter (Topera) recording 5 segs periods
Ø Dificult map interpretation (low reproducibiliy)
Ø No contact with all the poles, unstable  catheter 

positioning

Utility not confirmed in multicenter study 
(OASIS)


