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What is the definition of success?

• 1 year AF/AFL/AT free (3 month 
blanking) 

• ECG, 24 holter and regular event 
recording 

• AF >30 seconds

Calkins et al Europace 2012 



Prognostic benefit of AF ablation

• Randomised controlled trials showing 
prognostic benefit:



Discussion with patients

• No RCT demonstrating prognostic benefit 
for any form of rhythm control 

• RACE and AFFIRM - drugs and 
cardioversion show increased risk 
–40% of pts in SR at 1 year 

• AF ablation has small but significant risk



Indications and endpoints for AF 
ablation

• Symptom improvement



Patient selection issues

• Symptomatic despite rate control: 
–Symptoms correlate with AF on 

ECG 
–Symptoms return after 



Patient selection

• PAF vs persistent

ablation catheter were introduced to the left atrium. The abla-
tion catheters were irrigated with 2 ml/min heparinised saline,
increased to #30 ml/minute where temperature increase limited
energy delivery. Power was limited to 25 Wand 508C near the PV
ostia, 30 Wand 508C in the body of the left atrium and 40 Wand
458C at the cavotricuspid isthmus.

All the procedures were guided by three-dimensional mapping
systems, either Carto (Biosense Webster, Diamond Bar, Cali-
fornia, USA) or Ensite NavX (St Jude Medical, Minneapolis,
Minnesota). Since 2004, computed tomography or magnetic
resonance imaging was used routinely for image integration.12 13

WACA lesions were placed 1e2 cm outside the PV ostia,
isolating them as ipsilateral pairs, with confirmation of electrical
isolation. All the patients with PeAF had linear lesions added at
the mitral isthmus (between the mitral valve and the left-sided
WACA ring), the roof between the WACA rings and the cavo-
tricuspid isthmus in the patients with a history of typical atrial
flutter. Block was verified by examining the activation sequence
at either side of the linear lesions after restoration of sinus
rhythm. From 2005, after WACA and linear lesions if the patient
remained in AF, CFEs were systematically targeted throughout
the left then right atria. CFEs were identified visually with
operators using a common consensus definition: electrograms
with (1) prolonged complexes with continuous deflections from
baseline, (2) a rapid cycle length (<120 ms) or (3) complexes
with multiple deflections (without distinguishing between high-
and low-amplitude signals). Examples of what our group
consider to be CFE has been published previously.14 If at any

point AF organised into AT, this was mapped and ablated. If
sinus rhythm was not restored after these lesions, the patient
was cardioverted with a DC shock.

Follow-up
The patients were discharged the day after the procedure, having
stopped all antiarrhythmic medication. As early recurrences
often settle spontaneously, a 3-month blanking period was
observed, during which recurrences were managed medi-
cally.10 15 Those with PeAF/ATor symptomatic PAF at 3 months
were offered a repeated procedure. Anticoagulation was
continued for a minimum of 3 months, and ongoing anti-
coagulation was advised if the CHADS2 score was$2 (regardless
of rhythm) as per current guidelines.16 17

The patients were followed-up at 3 months and again at
6 months if symptomatic initially, with a period of ambulatory
monitoring of 2e7 days (83% were either monitored once since
their last procedure or had AF/AT documented on electrocar-
diogram). There was open access to arrhythmia nurse specialists
subsequently and further monitoring prompted by symptoms
(29% underwent monitoring >8 months after their last proce-
dure). Late follow-up with an electrocardiogram was obtained
from the referring physician for 96% of the patients at a median
of 18 months. Attempts were made to contact all the patients
for review between 1 September 2009 and 16 October 2009 to
determine any adverse events, recurrences of AF/AT, current
medications and symptoms. Symptoms were assessed using the
recent Canadian Cardiovascular Society Severity of AF

Figure 1 Multivariate analysis of factors predicting recurrence of AF. The figures show hazard ratios for recurrence of AF derived from Cox regression
analysis, with p values shown to the right. (A) Patient factors predicting recurrence after the final procedure. (B) Procedural factors affecting recurrence
after a single procedure. (C) Procedural factors affecting recurrence for patients with PeAF after a single procedure.
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Patient selection - predictors of 
success

• time in continuous AF≈LA size 
• >4.5 cm LA diameter



Older patients



6 studies of ablation in the elderly



Patient selection - heart failure

• same as other patients

Figure 2 Changes in left ventricular ejection fraction (EF) after atrial fibrillation ablation (Post), as compared with left ventricular ejection
fraction prior to the procedure (Pre) for each individual patient, and a comparison of the means.
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Table 3 Cox regression analysis of pre-procedural characteristics

Univariable Multivariable Model 1 Multivariable Model 2

Unadjusted HR
(95% CI)

P Adjusted HR
(95% CI)

P Adjusted HR
(95% CI)

P

Age 0.99 (0.96–1.02) 0.55 0.98 (0.93–1.02) 0.28

Gender 3.8 (0.52–27.88) 0.19 0.42

Paroxysmal vs. persistent 0.55 (0.27–1.14) 0.11 0.23 0.68 (0.31–1.48) 0.33

Duration of AF 1.00 (0.99–1.00) 0.37

AHT 1.12 (0.57–2.21) 0.73 1.19 (0.50–2.84) 0.69

RF time 1.00 (1.00–1.00) 0.59

LVESD 1.00 (0.95–1.05) 0.92

LVEDD 1.01 (0.96–1.07) 0.64

LAD 1.10 (1.03–1.16) 0.004 1.10 (1.03–1.16) 0.004 1.09 (1.02–1.16) 0.009

EF 0.99 (0.97–1.02) 0.65 0.78 0.99 (0.97–1.02) 0.83

HR, Hazard ratio; AF, Atrial fibrillation; AHT, Arterial hypertension, RF, Radiofrequency, LVEDD, Left ventricular end diastolic diameter; LVESD, Left ventricular end systolic
diameter, LAD, Left atrial diameter, EF, Ejection fraction.

Left ventricular systolic dysfunction 27

De Potter et al Europace 2010



Other predictors

• LA scar on MRI or EP study 
–not a practical selection tool



Patient selection summary

• Highly symptomatic 
• PAF or early persistent (<1 

year) 
• No other cardiovascular disease 



Procedural factors

• Sedation vs GA
size, left ventricular ejection fraction, and anesthesia type
(conscious sedation vs. general anesthesia). The discrimi-
nation ability of the models in predicting AF recurrence was
assessed by c-statistics and receiver-operator characteristic
curve. The proportional hazard assumption for the covari-
ates was tested by Schoenfeld residual analysis. This test did
not have enough evidence to reject the proportionality. It
was concluded that the data have satisfied the proportional
hazard assumption for this model. The hazard ratio and 95%
confidence interval of AF recurrence were computed and
presented in table format. All tests were 2-sided, and a P
value !.05 was considered statistically significant. Analy-
ses were performed using SAS 9.2 (SAS Institute Inc., Cary,
North Carolina).

Results
The study population consisted of 257 patients with PAF
who were randomly assigned to undergo PVAI with con-
scious sedation (group 1, n " 128) or general anesthesia
(group 2, n " 129). Baseline clinical characteristics were
not significantly different between the 2 groups (Table 1).
The acute procedural end point was achieved in all patients
(100%). Compared with group 1, group 2 had a significantly
shorter fluoroscopy time (53 # 9 vs. 84 # 21 min, P !.001)
and procedure time (2.4 # 1.4 vs. 3.6 # 1.1 hours,
P !.001).

In this series, superior vena cava (SVC) was targeted in
109 patients (85%) of the cases in group 1 and 113 patients
(87%) in group 2. In the remaining patients, SVC was not
targeted because either no electrograms were recorded or
phrenic nerve capture was observed. Additional non–PV trig-
gers were ablated in 14 patients (11%) in group 1 and in 13
patients (10%) in group 2.

Follow-up
All patients were followed up using the strategy described
in the Methods section. The compliance with the intense
follow-up was 234 patients (91%) for the 7-day Holter
monitors and 244 patients (95%) for the event monitor

transmissions. The mean follow-up duration was 17 # 8
months. There was no significant difference in follow-up
duration between groups 1 and 2 (16 # 6 vs. 15 # 4
months, P " .107).

Outcome after first ablation
At 17 # 8 months of follow-up after the first ablation, 88
(69%) patients in group 1 were free of atrial arrhythmias off
all antiarrhythmic drugs (AAD), as compared with 114
(88%) in group 2 (log-rank P !.001). Kaplan-Meier sur-
vival curves showing each group’s cumulative probability
of AF-free survival are presented in Figure 1. Two patients
in group 1 and 1 patient in group 2 had asymptomatic
recurrences.

Predictors of recurrence
There was no significant difference in the baseline risk
factors between patients free of AF and those who had
recurrence. Cox regression analysis was performed to iden-
tify predictor(s) of AF recurrence. After adjusting for clin-
ically important confounders in a multivariable Cox model,
general anesthesia (hazard ratio 0.32, 95% confidence in-
terval 0.175 to 0.573, P !.001) was independently associ-
ated with long-term AF recurrence/freedom. Other risk fac-
tors including age, gender, baseline left atrium size, left
ventricular ejection fraction, and prevalence of hyperten-
sion, diabetes, and congestive heart failure did not show
significant association.

PV reconnection after first procedure
Forty (31%) patients in group 1 and 15 (12%) patients in
group 2 had recurrence after the first procedure. All of these
patients chose to undergo repeat ablation. Two patients in
group 1 and 3 patients in group 2 had common left-sided PV
ostia. At the repeat procedure, 42% (66 of 158) of PVs in
group 1 had recovered conduction, compared with 19% (11
of 57) in group 2 (P " .003).

Figure 1 Kaplan-Meier curves showing cumulative probability of AF-
free survival according to anesthesia type after a single procedure without
AADs. AAD " antiarrhythmic drug; AF " atrial fibrillation; AT " atrial
tachycardia.

Table 1 Baseline characteristics

Conscious
sedation
(n " 128)

General
anesthesia
(n " 129) P value

Age 58 # 9 60 # 11 .1444
Male 97 (76%) 95 (73%) .693
AF duration (yr) 6 # 5 6 # 4 .708
Body mass index 28 # 7 29 # 6 .283
Hypertension 53 (41%) 55 (43%) .842
Diabetes 9 (7%) 10 (8%) 1.000
Coronary artery disease 16 (13%) 21 (6%) .388
Left atrium size (mm) 40.3 # 4 42.4 # 9 .153
Left ventricular ejection

fraction (%)
54 # 7 53 # 8 .379

Fluoroscopy time (min) 84 # 21 53 # 9 !.001
Procedure time (h) 4.6 # 1.1 2.4 # 1.4 !.001
Follow-up (mos) 16 # 6 15 # 4 .107
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Procedural factors to improve 
outcome - CFE ablation

procedures (65% of cohort, figure 4C). Since CFE were targeted
only from 2005 onwards, those who did not have CFE targeted
were followed-up longer. To avoid temporal bias, the log-rank test
was calculated for follow-up truncated at 3 years. Although there
was no effect of CFE ablation on single-procedure outcome, there
was a 21.6% absolute increase in success after the first cluster of
procedures (p¼0.049). This translated to a non-significant trend
towards improved final outcome with CFE ablation (13.4%
absolute difference; p¼0.130). There was also a non-significant
trend towards reduced late recurrence with CFE ablation
(p¼0.086 for recurrences between 2 and 3 years; table 3). There
was no difference in the procedure time or the number of
procedures (in the first cluster or in total). CFE ablation did not
affect the proportion of recurrences after the first procedure due
to left atrial tachycardia (22.0% in those who had CFE targeted
versus 17.5% in those who did not; not significant).

DISCUSSION
Main findings
Long-term freedom from AF is achievable in 86% of the patients
with PAF and 68% with PeAF. Recurrence occurs mostly in the
first year, with only 3% per year recurring after 3 years. Despite
conflicting evidence previously, we have demonstrated incre-
mental benefit in targeting CFE in PeAF. Stroke and other
adverse sequelae were infrequent over long-term follow-up.

Efficacy of CA for AF
The final procedure success was comparable with other high
turnover centres, typically in the region of 70%e90%.1e3 5 The

low CCS-SAF scores suggest that those with recurrent AF may
still have derived symptomatic benefit; indeed, 95% of the
patients reported improved symptoms.
The single-procedure efficacy of CA for PeAF was disap-

pointing but in keeping with other reports.2 19e21 A recent study
reported excellent long-term single-procedure success. Their use
of intracardiac echo to monitor tissue contact may have reduced
PV reconnection.5 New technologies such as robotic navigation
to improve catheter stability or catheters that allow monitoring
of tissue contact may improve outcomes.
Multivariate analysis identified structural heart disease, PeAF

and female sex as independent predictors of recurrent
arrhythmia. The impact of sex has been noted previously and
may relate to subtle differences in cardiac anatomy or possibly
more non-PV triggers.5 Left atrial size was not an independent
predictor of recurrence despite being identified previously,
perhaps because there is a relationship between this and time
spent in AF.5

Patterns of recurrence
Studies report flattening of the AF-free survival curve after
1e3 years.3 8e10 However, this effect may be artificial because of
diminished numbers at longer follow-up and relisting patients
with late recurrence, preventing counting them as failures. To
circumvent these issues, we examined recurrence after the initial
cluster of procedures, with late recurrences counted as failures.
Most recurrences occurred by 1 year. The KaplaneMeier curves
flattened by 3 years, with only three recurrences per 100 years of
follow-up subsequently (ie, 3% per year).

Impact of CFE ablation
There has been difficulty reproducing Nademanee’s early success
using CFE ablation alone.19 22 The incremental benefit of CFE
ablation in addition to PV isolation has been demonstrated over
the short term,2 23 24 though not consistently.20 25

The lack of benefit after a single procedure may reflect the fact
that most early recurrence is associated with PV reconnection.26

Once AF was eliminated after the first cluster of procedures, CFE
ablation resulted in a 21.6% absolute increase in the number,
maintaining sinus rhythm long term. Hence, the decreased
ability of the modified atrial substrate to initiate and sustain AF
may not become apparent until PV triggers/drivers are removed.
Although the KaplaneMeier analysis showed an early benefit

of CFE ablation, there was also a trend towards reduced late
recurrence. CFE ablation did not affect the proportion of recur-
rence because of AF and AT, suggesting that fears over increased
propensity to macroere-entry are unfounded. Repeated proce-
dures for late recurrence may diminish the difference in
outcomes observed, as there was only a trend towards improved
final outcome (13.4% absolute difference). There may have been
insufficient numbers to clearly demonstrate this more modest
overall effect.

Figure 3 Symptomatic benefit after CA of AF. This bar chart shows the
symptomatology of the patients at follow-up. The symptoms were
assessed using the Canadian Cardiovascular Society Severity of AF
scale. On this validated scale, patient symptoms and limitation are
scored from 0 (asymptomatic) to 4 (disabling symptoms).

Table 3 Actuarial analysis of recurrence of AF/AT after the first cluster of ablation procedures for AF
0e1 years 1e2 years 2e3 years >3 years

All AF (patient years studied) 30.0% (270) 6.4% (267) 4.0% (200) 3.0% (164)

PAF (patient years studied) 24.1%y (145) 4.2% (143) 2.8% (109) 4.2% (72)

PeAF (patient years studied) 36.8% (125) 8.9% (123) 5.5% (91) 2.2% (93)

PeAFeCFE targeted (patient years studied) 34.2% (73) 7.0% (72) 2.2% (46) 0% (16)

PeAFeCFE not targeted (patient years studied) 40.2% (52) 11.6% (52) 8.8%z (45) 2.6% (77)

The data show the number of recurrences of AF/AT after the first cluster of procedures per 100 years of patient follow-up. This eliminates the effect of diminished numbers followed-up on the
apparent recurrence rate. The figure in brackets show the number of patient years of follow-up studied.
yDenotes a significant difference for PAF versus PeAF.
zDenotes trend towards significance with p¼0.086.
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• AF recurrence/100yrs pt follow 
up
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Procedural factors - Technology

• Cryo vs RF - single procedure 
success at 1 year follow up, n= 240 
PAF ptsCryo RF RF + cryo

Success 
(%)

63.3 44 73.8



Procedural factors - catheter 
navigation

courtesy Mathew Lovell



Contact force and reconnection

Reddy,&Heart&Rhythm&2012&



Procedural factors persistent AF

• Non-randomised Manual vs Robotic 
with force sensing in persistent AF

!

Figure'0'Success'Rate'(off'AADs)'at'6'month'Follow'up'per'Group'

CFS=Catheter+contact!force!sensing;!RRN=Remote!Robotic!Navigation;!AAD=Anti+arrhythmic!drug!
*!p=0.027!for!comparison!between!RRN!and!Manual!with!CFS!
#!p=0.045!for!comparison!between!RRN!with!and!without!CFS!

!

!
*!
!

#!

Ullah et al in review



Visitag

• Lesions placed after threshold FTI 
reached



Force*time = lesion

!

Figure'0'Relationship'between'interval'force'time'integral'(FTI)'during'ablation'and'percentage'impedance'drop.''Error'
bars'represent'standard'deviation,'black'squares'are'mean'values.''11,441'measurements'are'represented'in'the'chart'

Ullah et al in submission
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Follow up factors

• Manage patient expectation 
• Clear distinction of ectopy from AF 
• Rigorous control of reversible factors 

–Alcohol, hypertension 
• Encourage review by referrer after 6 

months



Putting it all together

• Early experience 
–PAF with no structural heart disease 
–Cryo ablation 

• Medium experience 
–PAF or early persistent 
–point by point/force time integral sensing/

GA 
• Large experience 

–PAF or persistent <3 years 
–Robotic navigation under GA



Conclusions

• Maximising success is critical to 
credibility 

• Starting with the best cases and 
evolving is a good strategy 

• Critical appraisal and adoption of 
technology can make a difference


