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In a patient undergoing AF ablation with long-standing

persistent AF, which of the following reflects your first

procedure ablation strategy?

• PV isolation only

• PV isolation + more line

• PV isolation + more line + CFAEs

• PV isolation + CFAEs

• CFAEs only



Boston AF Symposium 2012

In a patient undergoing AF ablation with long-standing

persistent AF, which of the following reflects your first

procedure ablation strategy?

• 9% PV isolation only

• 34% PV isolation + more line

• 34% PV isolation + more line + CFAEs

• 19% PV isolation + CFAEs

• 3% CFAEs only



The Stepwise Ablation Approach        

for Chronic AF

Michel Haïssaguerre, J Interv Card Electrophysiol (2006) 

16:153–167

SR: confirm PVI

SR: verify PVI & roof line

SR: verify PV1 & roof line

SR: verify PV1, roof, mitral

STEP 1 : Lasso-guided pulmonary vein 

isolation

STEP 2 :         Roof line ablation

STEP 3 : Ablation of CS region and 

complex LA activities

STEP 4 :       Mitral isthmus ablation

OPTIONAL:      Right atrial / SVC ablation

AT : Mapping and ablation

AT : Mapping and ablation

Simultaneous measurement of AFCL in LAA and RAA

Ongoing AF

AFCL in LAA and RAA

Ongoing AF

AFCL in LAA and RAA

Ongoing AF / perimitral macroreentry

AFCL in LAA and RAA

Ongoing AF

AFCL in LAA and RAA

Ongoing AF : Electrical/Chemical cardioversion and verification of conduction block at roof, mitral isthmus and PVI

Fig. 1 Alogarithm for stepwise ablation in chronic AF



The Stepwise Ablation Approach for 
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PVI only
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• N=40 persistent AF (for 7d-1y)

• Complete PV isolation with double Lasso

 AF termination to SR in 12, conversion to 

macroreentrant AT/AFL in 10 (55%)

• Repeat ablation in 14

 recovered PV conduction in 13 

: only re-PVI in 10, macro-AT ablation in 4 

 AF free : 38 (95%) after 8±2m F/U

1. PVI ablation in persistent AF

F. Ouyang et al. Circulation (2005) 112:3038



• 340 procedures in 205 pts with L-S persistent AF

– CPVI alone in 165 procedure in 124 pts (60.5%)

– Additional CFAE ablation in 45 pts

– Left linear lesions in 44 pts

– SVC isolation in 15 pts

• After 1.7±0.8 procedure, F/U of 19±11 

months, 135/199 pts (67.8%) in SR

• 86 pts (43.2%) in SR following CPVI alone

PVI ablation in L-S persistent AF

R.R. Tilz et al. J Cardiov Electrophysiol (2010) 21:1085



PVI ablation in L-S persistent AF

Mapping and ablation

CT flutter n=3, LAMRT n=2

PV Isolation n=205

DC cardioversion n=197

Ablation of CFAEs n=29

Mapping and ablation n=10 DC cardioversion n=10

Result

First ablation

procedure

Ongoing AF (n=29)

(DC cardioversion failed)

AF (n=205)

AT

(n=5)

SR

(n=3)

AT

(n=10)

SR

(n=168)

SR

(n=9)

AF (n=10)

SR (n=10) SR (n=10)

SR (n=5)

PVI Only Until 

This Proc. (n) CFAE

CT

Isthmus (n)

LA

Line (n) SVC (n) AES (n)

LAA

Isolation (n)

First procedure (N=205) 168 (82%) 29 (14%) 16 (8%) 12 (6%) 6 (3%) 1 (0.5%) 0

Second procedure (n=101) 53 (52%) 13 (13%) 14 (14%) 17 (17%) 8 (8%) 5 (5%) 4 (4%)

Third procedure (n=26) 3 (12%) 12 (26%) 3 (12%) 12 (46%) 1 (4%) 0 2 (8%)

Fourth procedure (n=7) 0 1 (14%) 3 (42%) 5 (71%) 0 0 3 (42%)



PVI ablation in L-S persistent AF
-5 year outcome, Sequential Ablation Strategy -

PV Isolation

DC cardioversion SR: Acute PVI responder

Ongoing AF (DC cardioversion failed):

Acute PVI non-responder

Ablation of CFAEs

Mapping and ablation DC cardioversion

PV Re-Isolation Ablation of CFAEs

Mapping and ablation DC cardioversion Mapping and ablation

AT SR

AF

SR SR

Recurrent  AF

PVs not isolated PVs isolated

AT SR AF AF SR AT

SR SR SR

AT

A

B

Ablation protocol
First procedure

Ablation protocol
Repeat procedure

Ablation Study Protocol

R.R. Tilz et al 

J Am Coll Cardiol 2012;60:1921–9



• Long-term F/U of 56 months in 202 pts

• Initial ablation strategy of CPVI and additional 

ablation only in acute PVI non-responder, if DC 

cardioversion failed after PVI

• Only CPVI therapy in 105 pts  49 (46.7%) of 

those pts remained in SR during F/U

• Acute PVI responders had a reduced risk of relapse 

(HR: 0.57, p<0.001) after the first ablation

R.R. Tilz et al. J Am Coll Cardiol 2012;60:1921–9

PVI ablation in L-S persistent AF
-5 year outcome, Sequential Ablation Strategy -
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PVI
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2. Beneficial effects of CFAE/Line?
- STAR AF II -

Sx Persistent AF (7d-3years)

N Engl J Med 2015;372:1812-22



• No benefit in AF reduction when additional 

substrate ablation (CFAE or Lines) was 

performed in addition to PVI in persistent AF

• PVI alone achieved freedom from recurrence in 

about 50% of patients

• No longer need to use additional strategies

- Empiric lines, CFAE, etc

• Other strategies should be further investigated if 

we can improve outcomes
– Rotors, non-PV foci, ablation of scar regions, etc

Conclusions of STAR AF II

N Engl J Med 2015;372:1812-22



• In persistent AF group after PVI, no further ablation and CV 

(N=50) or CFAEs ablation up to 2 additional hours (N=50)

• 36% vs 34% in SR without antiarrhythmic drugs (p=0.84) 

after 10±3 months

• Additional CFAEs ablation does not improve clinical 

outcomes in patients with long-lasting persistent AF

Beneficial effects of CFAE?
- Michigan random study in L-S PeAF -

J Am Coll Cardiol 2009;53:782–9



Beneficial effects of CFAE?
- RASTA study in persistent AF -

Circ Arrhythm Electrophysiol. 2012;5:287-294



• Overall, CFAE ablation showed no additional 

benefit in PeAF/L-S PeAF
(OR, 0.64; 95% CI, 0.35–1.18; P =0.15)

Beneficial effects of CFAE?
- meta-analysis of additional CFAE -

Circ Arrhythm Electrophysiol. 2014;7:841

Study name Procedures

Odds

ratio

Lower

limit

Upper

limit Z-Value p-Value

Verma, 2007 Single 0.559 0.192 1.632 -1.064 0.287

Lin, 2009 Single 0.289 0.100 0.837 -2.288 0.022

Oral, 2009 Single 0.916 0.103 2.084 -0.210 0.834

Oral, 2008 Single 0.737 0.247 2.196 -0.548 0.584

Verma, 2010 Single 0.167 0.024 1.145 -1.822 0.068

Elayi, 2008 Single 0.415 0.184 0.938 -2.114 0.034

Dixit, 2012 Single 2.314 1.038 5.158 2.052 0.040

0.640 0.347 1.182 -1.426 0.154

0.01 0.1 1 10 100

CFAE Control

7 / 40 11 / 40

10 / 30 19 / 30

17 / 50 18 / 50

23 / 33 25 / 33

2 / 12 6 / 11

19 / 49 29 / 48

36 / 51 28 / 55

Meta analysis of the impact of additional CFAE ablation on single procedure efficacy

Odds ratio and 95% CIStatistics for each study



Beneficial effects of CFAE?
- Benefit of Complex Ablation Study -

• Additional CFAE ablation did not improve procedural success at 

12 months in symptomatic persistent or long-lasting persistent AF

Circ Arrhythm Electrophysiol. 2015;8:1316-1324

Months after procedure

0 3 96

100

12

80

60

40

20

A
rr

h
y
th

m
ia

 f
re

e
 s

u
rv

iv
a

l,
 % CFAE + PVI + Line

PVI + Line (Roof + MI)

Freedom from AF/AT after first ablation procedure

p =0.20

N=130

(median AF duration 2y)

No. at risk
CFAE 65 53 42 33 30

Control 65 59 45 37 37



• Pooled analysis of 5 persistent AF trials : addition of LL (linear lesion)

following PVI does not lead to a significant reduction in recurrent atrial

tachyarrhythmias compared with PVI alone

• No additional benefit of LL following PVI to sinus rhythm maintenance in

patients with PeAF

Beneficial effects of Line?
-Meta analysis of Linear ablation following PVI-

Pacing Clin Electrophysiol. 2016 March

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI

Fassini 2005 8 32 19 29 17.6% 0.38 [0.20, 0.74]

Willems 2006 10 32 24 30 19.5% 0.39 [0.32, 0.67]

Gaita 2008 29 53 19 26 22.7% 0.75 [0.53, 1.05]

Verma 2015 132 244 25 61 22.9% 1.32 [0.96, 1.82]

Wynn 2015 14 39 10 36 17.3% 1.29 [0.66, 2.53]

Total (95% CI) 400 182 100.0% 0.73 [0.44, 1.21]

Total events 193 97

0.01 0.1 1 10 100

Forest plot comparing PVI plus additional LL with PVI alone in PeAF patients

PVI + LL PVI alone Risk Ratio Risk Ratio

M-H, Random, 95% CI

Heterogeneity: Tau2 = 0.26; Chi2 = 22.76, df = 4 (P =0.0001); I2 = 82%

Test for overall effect: Z = 1.22 (P =0.22)

Favours PVI+LL Favours PVI alone



3. Increased Complications with additional 

Linear /CFAE ablation in STAR AF II 

N Engl J Med 2015;372:1812-22

Isolation            Isolation Isolation

Adverse Event              Alone            plus Electrograms      plus Lines        Total

(N=64)              (N=254)                   (N=250)         (N=568)

Procedural Adverse Events

Number of events

Hematoma at access site            2                        0                             3                      5

Atriovenous fistula or pseudo- 0                        3                             3                      6

aneurysm at access site                

Pericarditis                                        0                        1                             2                   3

Fluid overload 0                        1                             3                      4

Sedation-related complication             0                        3                             5                      8

Skin burn                                                 1                        0                             0           1

Cardiac tamponade                                 1                        0                             2                   3

Transient ischemic attack or stroke        0                        2                             1                      3

Death due to atrioesophageal fistula      0                        1                             0                      1 



• Segmental PVI vs Circumferential PVI+additional Linear lesion

in PAF (N=66)

Increased Incidence of Left Atrial 
Flutter with Additional Linear Ablation 

Circ Arrhythm Electrophysiol. 2010;3:243
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Increased organised AT/AFL with additional 

CFAE ablation in Complex Ablation Study

• There was a significantly higher incidence of gap-related AFL in the 

CFAE  group

 Inability to obtain bidirectional block in LA linear lesion greatly 

increased the incidence of left atrial flutter

Circ Arrhythm Electrophysiol. 2015;8:1316-1324 Eur Heart J. 2008;29(19):2359-66

CFAE ; CFAE + PVI + Line

Control ; PVI + Line
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B. Patients presenting with organized AT/flutter
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D. Patients with gap-related macroreentrant flutter



Increased stroke and thrombi          
with LAA electrical isolation

• In a cohort of 40 patients with 

electrical isolation of the LAA

• Thromboembolic complications  

documented in 8% 

• Thrombus formation demonstrated in 

LAA in another 5% despite 

anticoagulation

Clin Res Cardiol 2013; 102(Suppl 1): V16734



Complications in worldwide surveys

Previous Survey Current Survey

0.05

1.22

0.02

0.53

0.42

0.01

0.15

1.31

0.09

0.93

0.54

0.07

R. Cappato et al. Circulation. 2005;111:1100-1105, Circ Arrhythm Electrophysiol. 2010;3:32-38

Period Investigated                                       1995-2002                 2003-2006

Periprocedural death (%)

Tamponade

Pneumothorax

Femoral pseudoaneurysm

A-V fistulae

Valve damage

Iatrogenic flutter                                           3.9                         8.6

Paroxysmal AF                                               100                           100

Proportion of centers (%) performing 
ablation of 

Overall complication rate, %                        4.0                         4.5

Persistent AF                                                   53.4                          85.9
Long-lasting AF                                                20                            47.1

Complications in worldwide surveys



• Benefit of complex ablation study

Procedural Characteristics

• Meta-analysis of linear ablation after PVI

CFAE (n=65)     Non-CFAE (n=65)     P value

Total procedure time, min                     201±35              152±45                 <0.0001

Total ablation time, min 70±20                55±17                   0.0003

Total fluroscopy time, min                      47±22                39±13                   0.03

Continuous Study (n)              MD [95% CI] (min)     p value         I2(%)

RF time 7                    18.63 [8.86,28.40]       0.0002            95

Fluroscopy time              7                      6.97 [4.18, 9.75]       <0.00001         51

Procedure time               7                     23.61[12.56, 34.67]   <0.0001           84

Circ Arrhythm Electrophysiol. 2015;8:1316-1324

Pacing Clin Electrophysiol. 2016 Mar(E-Pub)



STAR AF II

Procedural Characteristics

PVI PVI+CFAE PVI+LINES p value

Procedure time (min) 167.0 ± 54.8 229.2 ± 83.2 222.6 ± 89.4 <0.0001

Mapping time (min) 13.9 ± 6.6 18.8 ± 14.0 14.4 ± 7.7 <0.0001

Fluoroscopy time(min) 29.4 ± 16.2 42.1 ± 21.7 40.9 ± 25.0 0.0003

Deterministic effects: 

Skin burns

Ulceration

Desquamation

Stochastic effects: 

Leukemia

Cancers

Radiation



Total: 31

N/A: 5

Left: 22 / 26(85%)

Right: 4 / 26

Am J Cardiol 2013;111:1368-1372

Radiation hazard :Brain/Neck tumors in 

interventional physicians



Take Home Messages

• In some patients with persistent /long standing 

PeAF, circumferential PVI is enough.

• Additional CFAEs ablation does not improve 

clinical outcomes.

• Line lesions (esp. roof and perimitral line) can 

be beneficial, but complete bidirectional block 

should be made.

• Radiation hazard should be considered.



감사합니다!



• PVI ablation data in LSP AF
– PVI 중요성(2005 Circulation)
– PVI in persistent AF(2005 Circulation)
– LSP AF with PVI(2010, JCE)
– LSP AF with CPVI(JACC, 2012)

• No benefit of CAFÉ/Line
– STAR AF II
– CAFÉ(2015 Circulation AE)
– Linear ablation, meta analysis(2016-03 PACE)

• Complication with additional ablation
• Radiation hazard



Circ Arrhythm Electrophysiol. 2014;7:841



Meta analysis



RR Tilz, KH Kuck, 
F Ouyang. 2012 JACC

105/202 PVI only
49(46.7%) in SR




