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Background
• Risks of AF ablation are falling

– Uninterrupted anticoagulation - stroke
• Is catheter ablation now good enough to 

reduce the risk of stroke in AF?
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Stopping OAC post ablation

• clinician led decision on >3000 pts if free of AF at 3 month follow up
• OAC switched to ASA
• CHADSVasc2 OAC>ASA

Themistoclakis et al JACC 2010

assessing TE risk and establishing an anticoagulation strat-
egy after AF ablation.
Comparison with previous studies. As far as we know,
this is the largest set of case records compiled on patients
who have undergone long-term suspension of OAT, in
terms of both the total number of patients (n ! 2,692) and
the number of moderate-/high-risk patients (723 patients
with CHADS2 score 1 and 347 patients with CHADS2
score !2), in whom OAT is recommended or suggested by
the international guidelines (1,2). Our results are substan-
tially in line with those of other recently published retro-
spective studies involving smaller populations and shorter
follow-up periods (13–16). In particular, they are similar to
those observed by Nademanee et al. (14). In a study on
long-term outcomes after AF substrate ablation guided by
complex fractionated atrial electrograms, these investigators
compared the incidence of TE and hemorrhages between
434 patients without arrhythmic recurrences who discon-
tinued OAT and 118 patients requiring OAT after unsuc-
cessful ablation. These patients were selected from a cohort
of patients who were at least 65 years old or had 1 or more
risk factors for stroke, including hypertension, diabetes,
structural heart disease, prior history of stroke/TIA, con-
gestive heart failure, or left ventricular ejection fraction
"40%. In their population, the annual stroke rate was
significantly lower in successfully treated patients who
discontinued OAT than in patients with AF recurrences
who remained on OAT (0.4% vs. 2%). However, in that
study, stroke risk stratification was not based on the
CHADS2 score index, nor did the investigators specify the
percentage of patients with CHADS2 score !2, which
identifies the group of patients at highest risk.

Hypothesis for the low incidence of TE. In our study, the
percentage of TE observed in patients who had undergone
successful ablation was decidedly low. Various explanations
can be hypothesized for this finding. 1) In our population,
OAT was discontinued essentially in patients who suffered
no AF recurrences in the absence of antiarrhythmic drugs
and after thorough, prolonged monitoring for possible
asymptomatic recurrences. 2) All of our patients underwent
pre-ablation transesophageal echocardiography, which ex-
cluded the presence of endocavitary thrombi, and, before
OAT suspension, transthoracic or transesophageal echocar-
diography, which demonstrated the absence of significant
LA dysfunction. 3) Patients with other causes of thrombo-
embolic risk continued OAT. 4) Aspirin was administered
indefinitely to most of our patients after OAT suspension.
5) Finally, our patients restarted OAT systematically and
promptly after any arrhythmic recurrences.
Pros and cons of OAT after successful AF ablation. The
reasons for continuing anticoagulation after ablation mainly
stem from studies on drug therapy and chiefly concern the
risk of asymptomatic recurrences (1,4). The data in the
literature indicate that the percentage of patients who suffer
exclusively asymptomatic recurrences after successful AF
ablation ranges from 0% to 20% (17,18). These percentages
are decidedly lower than those observed both in patients on
antiarrhythmic therapy for the prevention of AF recurrences
(19) and in patients with permanent pacemakers who have
no history of atrial tachyarrhythmias (20) (70% and 46%,
respectively). Moreover, after successful ablation, asymp-
tomatic AF episodes are often short-lived. Indeed, in one
study of patients with permanent pacemakers, the maximum
duration of asymptomatic atrial tachyarrhythmias was 18 "

Figure 1 Kaplan-Meier Event-Free Survival Estimates for Freedom From
Post-Ablation Thromboembolic and Hemorrhagic Strokes in the Off- and On-OAT Groups

Data have been truncated at 5 years. OAT ! oral anticoagulation therapy.
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ischaemic stroke - 2 (0.07%) Off-OAT vs 3 (0.45%) On-OAT (p 􏰄 0.06). 


major haemorrhage - 1 (0.04%) Off-OAT vs 13 (2%) On-OAT (p 􏰅 0.0001)
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• case controlled -ASA (CHADSVasc 2.78) vs warfarin 
CHADSVasc 2.82) 3 months after successful ablation

• combined thromboembolic and bleeding events

Uhm et al Yonsei Med J 2013

Jae-Sun Uhm, et al.

Yonsei Med J   http://www.eymj.org   Volume 55   Number 5   September 20141242

mary endpoint in the patients with CHA2DS2-VASc score 
≥2 between the groups (p=0.822) (Fig. 2B). 

DISCUSSION

This is a retrospective observational study that evaluated the 

VASc score ≥2, thromboembolic events occurred in one pa-
tient in the ASA group (0.8%) and three patients in the W 
group (2.2%, p=0.380), respectively during follow-up peri-
od. Major bleeding events occurred in one and two patients 
in the ASA (0.8%) and W groups (1.4%, p=0.640), respec-
tively. By Kaplan-Meier analysis, there were no significant 
differences of event-free survival from the composite pri-

Table 3. Clinical Factors Related to Thromboembolic or Major Bleeding Events by Multivariate Cox Regression Analysis
Thromboembolism Bleeding

HR (95% CI) p value HR (95% CI) p value
Age 0.96 (0.85--1.08) 0.452 0.96 (0.85--1.08) 0.466
Male sex 0.83 (0.10--6.90) 0.865 0.23 (0.03--1.50) 0.123
CHA2DS2-VASc score   3.80 (1.13--12.71) 0.031 1.23 (0.44--3.41) 0.691
HAS-BLED score 0.24 (0.04--1.42) 0.115   3.90 (1.13--13.45) 0.031
Warfarin duration   0.89 (0.65--12.16) 0.931 0.86 (0.16--4.61) 0.863

CI, confidence interval; HR, hazard ratio.

Table 4. Baseline Characteristics of Patients with CHA2DS2-VASc Score ≥2
ASA group (n=121) W group (n=138) p value

Age (yrs) 65.5±8.3 62.9±9.0 0.019
Male sex (%) 64.5 60.9 0.551
PAF (%) 72.7 73.2 0.934
CHADS2 score   1.69±0.99   1.89±0.92 0.098
CHA2DS2-VASc score   2.78±1.00   2.82±0.98 0.734
HAS-BLED score   1.89±0.83   1.96±1.13 0.601
LA diameter (mm) 42.5±6.1 43.5±6.5 0.216
Ejection fraction (%)   63.1±10.0 61.9±8.9 0.345
Prior aspirin use (%) 23.5 29.7 0.287
Comorbidities (%)
    Hypertension 83.5 76.8 0.182
    Diabetes 29.8 33.3 0.536
    Stroke/TIA 17.3 32.6 0.008
    Chronic kidney disease   2.5   1.4 0.548
    Heart failure   9.1   5.1 0.205

LA, left atrium; PAF, paroxysmal atrial fibrillation; TIA, transient ischemic attack.

Fig. 2. Thromboembolic and major bleeding event-free survival by Kaplan-Meier method in all patients (A) and the patients with CHA2DS2-VASc score ≥2 (B) 
in ASA (solid line) and W (dotted line) groups. 
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Does Aspirin have any value in 
AF?

Aspirin offers only modest protection against stroke
for patients with AF (Fig. 18). Meta-analysis of five
randomized trials showed a stroke reduction of 19%
(95% CI 2% to 34%)[460]. The effect of aspirin on stroke
in these trials was less consistent than that of oral
anticoagulation[460,484]. Differences in patient features
may have influenced aspirin efficacy. For example, as-
pirin reduced stroke occurrence by 33% in primary
prevention studies (in which the stroke rate with placebo
averaged 5% per year) vs 11% for secondary prevention
trials (in which the stroke rate with placebo averaged
14% per year)[460]. Aspirin may be more efficacious for
AF patients with hypertension or diabetes[484,485] and for
reduction of noncardioembolic vs cardioembolic ischae-
mic strokes in AF patients[119]. Cardioembolic strokes
are, on average, more disabling than noncardioembolic
strokes[155]. Aspirin appears to prevent nondisabling
strokes more often than disabling strokes[460]; thus, the
greater the risk of disabling cardioembolic stroke in a
population of AF patients, the less protection afforded
by aspirin[155].

In summary, adjusted-dose oral anticoagulation is
more efficacious than aspirin for prevention of stroke in
patients with AF, as suggested by indirect comparisons
and by a 33% risk reduction (95% CI 13% to 49%) in a
meta-analysis of five randomized trials[460]. Randomized
trials involving high-risk AF patients (stroke rates
greater than 6% per year) show larger relative risk
reductions by adjusted-dose oral anticoagulation rela-
tive to aspirin (Fig. 18), whereas the relative risk reduc-
tions are consistently smaller in trials of AF patients
with lower stroke rates. Accordingly, oral anticoagula-
tion may be most beneficial for AF patients at higher
intrinsic thromboembolic risk, offering only modest re-
ductions over aspirin in both the relative risk and

absolute rates of stroke for AF patients at low risk.
Individual risk varies over time, so the need for antico-
agulation must be reevaluated at regular intervals in all
patients with AF.

The combination of low-dose oral anticoagulation
(INR less than 1·5) with aspirin adds little protection
against stroke compared with aspirin alone in patients
with AF[438]. Combining aspirin with an oral anticoagu-
lant at higher anticoagulation intensities may accentuate
intracranial haemorrhage, particularly in elderly AF
patients[486]. For AF patients who sustain cardioembolic
events while receiving low-intensity anticoagulation, the
anticoagulation intensity should be increased to a maxi-
mum target INR of 3 to 3·5 rather than routinely adding
antiplatelet agents, pending further data.

An emerging surgical option, not yet sufficiently
investigated to allow general clinical application, is
obliteration of the LAA to remove a principal nidus of
thrombus formation in patients with AF who cannot
safely undergo anticoagulation. In addition to direct
surgical amputation or truncation of appendage, several
methods are under development to achieve this with
intravascular catheters or transpericardial approaches.
These must presently be considered investigational, and
indications for this type of intervention have not been
established convincingly.

Recommendations for antithrombotic therapy in patients
with AF
Class I:

(1) Administer antithrombotic therapy (oral antico-
agulation or aspirin) to all patients with AF,
except those with lone AF, to prevent throm-
boembolism. (Level of evidence: A)

All trials (n = 5)
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Figure 18. Antithrombotic therapy for prevention of stroke (ischaemic and haemorrhagic) in patients with
nonvalvular AF: warfarin compared with aspirin and aspirin compared with placebo. Adapted with permission from
Hart et al.[163,460] Ann Intern Med 1999; 131: 492–501. (The American College of Physicians–American Society of
Internal Medicine is not responsible for the accuracy of the translation.)

ACC/AHA/ESC practice guidelines 1899

Eur Heart J, Vol. 22, issue 20, October 2001

Hart et al Ann int med 1999



Risks of aspirin vs warfarin
• n=973, aged >75yrs
• RCT aspirin vs warfarin
• Wafarin as safe as aspirin

Mant et al Lancet 2007

Warfarin 
(%)

Aspirin 
(%)

P

Stroke 1.6 3.4 0.003

Haemorrhagic 
stroke

0.5 0.4 0.83

All major 
haemorrhage

1.9 2 0.9



Aspirin vs NOAC

AVERROES

Apixaban 5mg bd versus aspirin n=5599 patients


Stopped early:

Strokes - 1.9% (Apixaban) versus 3.9% (Aspirin)


Similar rates of bleeding

Major bleed 1.4% (Apixaban) versus 1.2% (Aspirin)


Connolly et al. N Engl J Med 2011;364 



Stopping OAC post ablation
• Danish registry n=4050 1st time AF ablation 2000-11

Karasoy et al EHJ 2015

to thromboembolic risk profile. At Day 90, 1181 (97.3%) of low-risk,
1140 (94.7%) of intermediate-risk, and 1450 (95%) of high-risk
patients were on OAC therapy. Corresponding numbers at 1 year
were lower; 55.7, 67.4, and 70.4%, respectively. Approximately
70% of high-risk patients and half of the total RFApopulation received
OAC therapy beyond the first year.

Thromboembolism and bleeding events
After discharge from first-time RFA, 103 (2.5%) patients experienced
thromboembolism (71 (68.9%) stroke, 27 (26.2%) TIA, and 5 (4.9%)
peripheral arterial embolism) corresponding to an incidence rate of
0.80 [95% confidence interval (CI): 0.66–0.98] per 100 person-years.
Of note, no patients in this cohort underwent left atrial appendage
occlusion.

Figure 2 shows the incidence rates of thromboembolism and
serious bleeding according to time intervals after first-time RFA, illus-
trating high event rates for both outcomes immediately after RFA
procedure. Among the 103 thromboembolism cases, 32 (31%)
patients developed thromboembolism [incidence rate 3.27 (95%
CI: 2.31–4.62) per 100 person-years] during the 3 months blanking
period. After 3 months, 71 (69%) patients experienced thrombo-
embolism [incidence rate 0.60 (95% CI: 0.48–0.76) per 100 person-
years]; only 37 (52.1%) of thromboembolic events occurred in
high-risk patients. In the 111 cases with serious bleeding, events
during and after the blanking period occurred in 24 (21.6%) and 87
(78.4%) cases, respectively, corresponding to incidence rates of
2.45 (95% CI: 1.64–3.65) and 0.73 (95% CI: 0.60–0.90) per 100
person-years. The incidence rate of serious bleeding was 0.60 (95

CI: 0.46–0.80) per 100 person-years after the blanking period
when patients with aspirin therapy were excluded.

Effect of oral anticoagulation therapy
Table 2 shows the incidence rates of thromboembolism and serious
bleeding after the 3 months blanking period according to OAC
therapy with results from the uni- and multivariable analyses. Oral
anticoagulation discontinuation was not associated with significantly
increased thromboembolic risk in low- or high-risk patients. In
intermediate-risk patients, thromboembolic risk was significantly
increased in the multivariable adjusted analysis. Oral anticoagulation
therapy was associated with higher incidence rates of serious
bleeding compared with OAC discontinuation.

Figure3depicts the5-yearcumulative incidenceof thromboembol-
ism and serious bleeding according to OAC therapy. Oral anticoagu-
lation discontinuation was associated with 0.6% higher long-term risk
of thromboembolism,while riskof seriousbleedingwasdecreasedby
1.8%.

Matched analyses
Thepresentcohortwascompared(1 : 4)with15 848non-ablatedAF
patients treated with rhythm-control therapy, i.e. 6180 (39%) on
AADs, 6656 (42%) on DC, and 3012 (19%) receiving AADs+DC.
Over 5-year follow-up, 1107 (7%) ‘no-RFA’ patients had thrombo-
embolism with an overall incidence rate of 1.77 (1.67–1.88)95%CI

per 100 person-years, where thromboembolic rates per 100 person-
years with and without OAC were 1.34 (1.21–1.49)95%CI and 2.14
(1.98–2.30)95%CI, respectively. Crude incidence rate ratio (RFA vs.
no-RFA) favoured RFA and was 0.47 (0.39–0.57)95%CI. Adjusted

Figure 1 Persistence in use of oral anticoagulation therapy after first-time radiofrequency ablation according to the CHA2DS2-VASc score: the
proportion of patients receiving oral anticoagulation therapy by years.

D. Karasoy et al.310

Downloaded from https://academic.oup.com/eurheartj/article-abstract/36/5/307/440680/Oral-anticoagulation-therapy-after-radiofrequency
by guest
on 14 September 2017



Stroke risk after AF ablation
• Ablation vs no ablation (n=15848) rhythm control
• 2.5% vs 7% thromboembolism
• ablation vs no ablation risk ratio 0.47 (0.39 – 0.57)95%CI.
• Most events occur in first 3 months

Karasoy et al EHJ 2015

incidence rate ratio controlling for use of OAC, Aspirin, Clopidogrel,
and the components of the CHA2DS2-VASc score was 0.53 (0.43–
0.65)95%CI and remained in favour of RFA.

Patient-specific risk factors for
thromboembolism and serious bleeding
Figure 4 displays individual predictors of thromboembolism and
serious bleeding. Recurrent AF was significantly associated with

increased thromboembolic risk, and previous history of stroke/TIA
was the only and strongest predictor associated with thrombo-
embolism among the components of CHA2DS2-VASc score. Previ-
ous history of bleeding was the strongest predictor of serious
bleeding, while OAC therapy, aspirin use, and kidney disease were
also significantly associated with increased serious bleeding risk.
These results were consistent in sensitivity analyses (Supplementary
material online, Tables S3 and S4).

Figure 2 Incidence rates of (A) thromboembolism and (B) serious bleeding according to time intervals after first-time radiofrequency ablation.
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Table 2 Number of events, overall incidence rates, CHA2DS2-VASc score adjusted rates of thromboembolism and
HAS-BLED score adjusted rates of serious bleeding according to oral anticoagulation therapy beyond the 3 months of
blanking period after first-time radiofrequency ablation

Overall On-OAC Off-OAC Univariate comparison Multivariable comparison

N IR (95% CI) N IR (95% CI) N IR (95% CI) HR (95% CI) HR (95% CI) a

Thromboembolism 71 0.60 (0.48–0.76) 36 0.56 (0.40–0.78) 35 0.64 (0.46–0.89) 1.13 (0.71–1.78) 1.42 (0.86–2.35)

CHA2DS2-VASc ¼ 0 21 0.51 (0.33–0.77) 8 0.50 (0.25–1.00) 13 0.51 (0.30–0.88) 1.01 (0.42–2.42) 1.09 (0.42–3.36)

CHA2DS2-VASc ¼ 1 13 0.37 (0.22–0.62) 3 0.14 (0.05–0.44) 10 0.59 (0.32–1.10) 3.51 (0.98–12.5) 3.84 (1.01–14.6)

CHA2DS2-VASc ≥ 2 37 0.95 (0.68–1.30) 25 0.93 (0.63–1.38) 12 0.97 (0.55–1.71) 1.05 (0.53–2.07) 1.16 (0.56–2.38)

HR (95% CI) HR (95% CI) b

Serious bleeding 87 0.73 (0.60–0.90) 63 0.99 (0.77–1.27) 24 0.44 (0.29–0.65) 2.06 (1.26–3.36) 2.05 (1.25–3.35)

HAS-BLED ≤ 1 46 0.58 (0.43–0.77) 28 0.73 (0.51–1.07) 18 0.43 (0.27–0.69) 1.62 (0.87–3.04) 1.84 (0.99–3.42)

HAS-BLED ¼ 2 27 0.98 (0.67–1.43) 23 1.31 (0.87–1.98) 4 0.40 (0.15–1.06) 2.77 (0.93–8.23) 2.77 (0.93–8.28)

HAS-BLED ≥ 3 14 1.21 (0.72–2.05) 12 1.45 (0.82–2.56) 2 0.60 (0.15–2.42) 2.50 (0.54–11.6) 3.05 (0.63–14.7)

N, number of events; IR, incidence rates per 100 person-years; HR, hazard ratio.
aThe relative risk of thromboembolism associated with OAC discontinuation in multivariable models adjusted for OAC therapy (reference: OAC therapy), aspirin use (reference: no
aspirin use), recurrent AF (reference: no recurrence), and the components of CHA2DS2-VASc score (reference: score ¼ 0).
bThe relative risk of serious bleeding associated with OAC therapy in multivariable models adjusted for OAC therapy (reference: OAC discontinuation), aspirin use (reference: no
aspirin use), and the components of HAS-BLED score (reference: score ¼ 0).

Long-term follow-up in nationwide cohort of Denmark 311

Downloaded from https://academic.oup.com/eurheartj/article-abstract/36/5/307/440680/Oral-anticoagulation-therapy-after-radiofrequency
by guest
on 14 September 2017
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Karasoy et al EHJ 2015

Thromboembolism Bleed

AF ablation, and found that for patients in sinus rhythm discontinuing
OAC the estimated 5-year stroke incidence was 3% compared with
23% in patients who remained on AF and continued warfarin.27 The
authors concluded that successful AF ablation might allow for OAC
discontinuation. Similar to that of the study by Themistoclakis, the
follow-up was short and patients with recurrent AF reinstated war-
farin therapy, which may have underestimated stroke rates in
off-OAC group in both studies. In accordance with previous and
our findings, a recent single-centre study by Winkle et al. also
reported that OAC discontinuation may be safe in high-risk patients
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discontinue OAC due to low-thromboembolic risk.28 Of note,
these patients underwent regular standardized ECG follow-up
screening for AF recurrences, whereas AF recurrences were deter-
mined from reviewing hospital records in 211 patients in our study
without standardized Holter or ECG monitoring, which limits the in-
terpretation of data as this might be a major influencing factor for
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Karasoy et al EHJ 2015
Discussion
We studied the long-term risk of thromboembolism and serious
bleeding according to OAC therapy in a nationwide cohort of 4050
AF patients undergoing RFA in Denmark. This study has four main
findings: (i) approximately half of the total population and 70% of
high-risk patients remained on OAC beyond the first year after
RFA; (ii) the thromboembolic risk was relatively low in patients
undergoing RFA compared with a matched non-ablated AF cohort
receiving rhythm-control therapy; (iii) thromboembolic risk reduc-
tion associated with OAC therapy after RFA was counterbalanced
by serious bleeding risk; (iv) the CHA2DS2-VASc score was not
optimal for discriminating high- or low-risk patients after RFA and
only previous stroke was significantly associated with increased risk
of thromboembolism among other components.

We observed the highest thromboembolic risk within the first 2
weeks after RFA, which has been previously revealed in an older
single-centre study.20 Our study extends this that the initially high-
thromboembolic rates decreased rapidly during the first 3 months
after RFA, and remained stationary. Our findings are also in accord-
ance with the 2012 HRS/EHRA/ECAS Expert consensus statement
oncatheterablationof AF, where the incidenceof thromboembolism
associated with AF ablation is reported to be between 0 and 7%. We
found considerably lower thromboembolic risk rates than reported
previously in unselected AF populations, and the risk is under the
threshold that has been considered appropriate for initiating OAC
in guidelines.1,12,16 Conceivably, the relatively low thromboembolic
rates after RFA could be attributable to more or less adequate antic-
oagulation because approximately half of the RFA cohort and !70%
of high-risk patients were apparently on OAC therapy throughout
the follow-up, although the quality of OAC could not be investigated
due to lack of INR values. Of note, a recent study investigated
the stroke rates in age- and gender-matched populations, and
found that RFA-treated AF patients had significantly lower stroke
risk compared with AF patients without RFA.21 In line with these

results, the thromboembolic risk after RFA was also lower in the
present cohort comparedwith amatched non-ablated AF population
on rhythm-control therapy after controlling for use of anticoagulant
and antithrombotic medication as well as the components of CHA2-

DS2-VASc score.
The thromboembolic rates in patients with or without OAC

therapy were comparable and the multivariable analysis showed no
significant increase in the thromboembolic risk associated with
OAC discontinuation, which was only associated with 0.6% higher
cumulative risk of thromboembolism at 5 years. Of note, the
number of thromboembolic events was very low, especially in high-
risk patients who constituted 37% of the study population in whom
OAC is indicated according to current guidelines. Expectedly,
OAC therapy was significantly associated with increased risk of
serious bleeding, although the event rates were low. Our results
may indicate that serious bleeding risk associated with OAC
therapy seems to outweigh the benefits for thromboembolic risk
reduction after RFA. This interpretation, however, should be
contemplated with caution due to low number of events.

Themistoclakis et al. evaluated the safety of OAC discontinuation
after RFA in a multicentre non-randomized study, including 3355
patients over 28+23 months of follow-up.22 Similar to our
results, the authors reported that although the stroke rates did not
differ significantly by OAC therapy, the risk of major bleeding was sig-
nificantly higher in patients receiving OAC therapy. Low stroke rates
in off-OAC group favoured the safety of OAC discontinuation
beyond post-operative 3 months. However, off-OAC group com-
prised only a few high-risk patients and the thromboembolic events
within 3–6 months after RFA in patients discontinuing OAC were
disregarded, providing a possible explanation to higher event rates
in our study as the risk was highest during this period. Other
studies have found similar results.20,23– 25

Recurrent AFwas significantly associatedwith increased thrombo-
embolic risk (Figure 4), as previously suggested.26 In a single-centre
study, Nademanee et al. investigated 635 high-risk AF patients after

Figure3 The cumulative incidences of thromboembolismand serious bleeding according to oral anticoagulation therapy. (A) Thromboembolism,
adjusted for the components of CHA2DS2-VASc score and (B) serious bleeding, adjusted for the components of HAS-BLED score.
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Stroke risk after AF ablation

• UK registry of hospital episode statistics
• 4991 AF ablations matched to AF controls
• 5406 AF ablations to CVersion controls
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AF ablation vs no AF ablation
• Preablation stroke rate higher
• Post ablation falls significantly 
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risk. The similarity in stroke risk between cohorts prior to 
the index date suggests that confounding by unmeasured 
variables is not responsible for subsequent differences, while 
the divergence following the index date suggests a treatment 
effect beginning on that date.

No studies have prospectively tested whether the supe-
riority of catheter ablation over antiarrhythmic drugs in 
restoring sinus rhythm3,4 results in a lower risk of stroke/TIA. 
Investigators have reported stroke/TIA rates <1%/year among 
patients with CHA2DS2-VASc scores ≥2 and discontinued 
anticoagulation following AF ablation.14–17 Registry data 

have also shown that patients who maintain sinus rhythm 
following ablation have stroke/TIA rates similar to age- and 
sex-matched patients with no AF history.18 Large randomized 
trials – Catheter Ablation vs Antiarrhythmic Drug Therapy 
for Atrial Fibrillation Trial and Early Treatment of Atrial 
Fibrillation for Stroke Prevention Trial – are not expected 
to be completed until 2018–2019. Two retrospective cohort 
studies, each with 4,212 PVA patients, used age and sex 
matching,6 and CHADS2 score matching,7 to show that stroke/
TIA risk in the PVA patients was similar to patients without 
AF, and significantly lower than in patients with AF but 

Figure 1 Yearly observed stroke rates in matched cohorts. (A) PVA vs matched general AF cohorts; (B) PVA vs matched cardioversion cohorts.
Abbreviations: AF, atrial fibrillation; PVA, pulmonary vein ablation.
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AF ablation vs Cardioversion
• Preablation stroke rate higher
• Post ablation falls significantly 
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Stroke impact of AF ablation
• Stroke events
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 respectively) (CHA2DS2-VASc, Table 1, Figure S1A, B). 
Patients at low risk for stroke, as defined by a  CHA2DS2-VASc 
score <2, comprised nearly two-thirds of the population in 
each matched cohort (Table 1).

Each matched patient pair in each of the two matched popu-
lations was of the same sex, had index visits within one calen-
dar year, and had propensity scores within 0.0001. The PVA 
versus general AF control matches were also within 2 years in 
age at their index date and within 6 months in length of time 
from initial AF diagnosis to the index date. The PVA versus 
cardioversion control matches were within 1 year of the same 
age at their index date. Available follow-up time from index 
through 2013 was also similar across cohorts for both matches 
because of matching on the index year  (Figure S2A, B). 
Median follow-up time was 24 months in both matched AF 
cohorts, 23 months in the matched cardioversion controls, 
and 25 months in the matched general AF controls (Table 1).

Survival models
Kaplan–Meier models show that treatment with PVA is 
associated with reductions in both stroke and heart failure 
events, as well as deaths in a hospital setting. In the matched 

PVA versus general AF cohorts, all p-values for statistical 
significance of treatment cohort are <0.0001. For the PVA 
versus cardioversion match, p-values range from 0.0087 
for the stroke endpoint to <0.0001 for the heart failure and 
death endpoints. Product limit survival estimates of cumu-
lative event rates for each outcome are plotted by year in 
Figure 1A–C.

Cox regression models confirm that even after further 
adjustment for baseline risk factors, PVA is highly predictive 
of improved survival for each of the stroke, heart failure, 
and death outcomes, compared with either control cohort. 
p-Values range from 0.011 for stroke in the PVA versus car-
dioversion matched population to <0.0001 for stroke in the 
PVA versus general AF matched population, and <0.0001 for 
both heart failure hospitalization and death in hospital for 
both matches. Baseline patient characteristics with statistical 
significance at the 0.1 level are shown in Tables 2–4, with 
p-values and HRs for each.

The stroke/TIA rates from the index date through day 6, 
which were not included in the survival models, were higher 
in the general AF cohort than in the matched PVA cohort 
(22 vs 10 events, N=4,991 each) and were lower in the 

Figure 1 (A) Product limit survival estimates for stroke events. (B) Product limit survival estimates for heart failure events. (C) Product limit survival estimates for death 
in a hospital setting.
Abbreviations: AF, atrial fibrillation; CV, cardioversion; PVA, pulmonary vein ablation.
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AF ablation and stroke risk

• n=1273 followed up for 3.1 (1.0-9.6) yrs 
• multicentre international registry of patients 

undergoing AF ablation
• aim:

• does AF ablation reduce risk of stroke or death
• impact of outcome of ablation on stroke risk
• impact of stopping anticoagulation post ablation

Hunter et al Heart 2011



and previous coronary stents). The second had a history of
ischaemic heart disease and severe left ventricular systolic
dysfunction, had a tamponade drained at the time of the
procedure and despite being well initially, died from a combina-
tion of hospital-acquired pneumonia and cardiac failure at
10 days.

Follow-up and freedom from AF
Patients were followed up for 3.1 (1.0e9.6) years from their first
procedure, and 2.2 (0.2e8.9) years from their last procedure.
This gave a total of 4189 patient-years of follow-up for analysis.
KaplaneMeier analysis of AF fee survival is shown in figure 1.
After the final procedure, freedom from AF (or other atrial
tachyarrhythmia) was achieved in 85% for paroxysmal AF (76%
off AADs), and 72% for persistent AF (60% off AADs).

Freedom from AF and survival
Freedom from AF was associated with lower rates of stroke and
death, which was highly significant on univariate analysis
(p<0.0001; figure 2). Freedom from AF remained a significant
predictor of stroke-free survival on multivariate analysis
(figure 3) with an HR of 0.33 (95% CI 0.17 to 0.67). After

stepwise removal from the model of covariates with p>0.10, the
variables remaining were freedom from AF (HR¼0.30, 95% CI
0.16 to 0.55, p<0.001), female gender (HR¼0.37, 95% CI 0.15 to
0.89, p¼0.027) and age (HR¼1.03 per year of age, 95% CI 1.00 to
1.07, p¼0.051).

Rates of stroke and death compared with the Euro Heart Survey
The Euro Heart Survey enrolled 5333 patients with AF, >97% of
whom were managed medically.20 Patients in the Euro Heart
Survey were slightly older at 65612 years compared with
58611 years in our cohort, and with a higher CHADS2 score at
1.661.2 (18% scored 0, 33% scored 1, 27% scored 2, 13% scored
3, 9% scored $4) compared with 0.760.9 in our patients
(breakdown is shown in table 1). Follow-up data were reported
for 4192 patients at 1 year, with the outcomes compared with
this cohort in figure 4.19 There were 117 ischaemic strokes or
transient ischaemic attacks (TIAs) (2.8% per patient-year) in the
Euro Heart Survey compared with 20 in this cohort (0.5% per

Table 2 Procedural complications
Any major 5.4

Procedural death 0

Death within 30 days 0.1

Tamponade 3.1

Stroke or TIA 0.7

Haematoma 2.1

Vascular access complication 0.1

Pulmonary vein stenosis 0.2

Other major 0.4

Values are shown as percentages.
Haematomas were included only if they prolonged hospital stay or
required re-admission. The sum of complications exceeds the ‘any major’
complication rate, since some patients had more than one complication.
The 10 complications grouped under ‘other major’ include a femoral
arteriovenous fistula which was repaired surgically, a deep vein
thrombosis, a pulmonary embolus, a renal embolism, a pulmonary artery
perforation, three burns from grounding plates, gastric stasis (presumed
due to phrenic denervation) and a re-admission at 7 days with cardiac
failure.
TIA, transient ischaemic attack.

85% (76% off AADs)

72% (60% off AADs)

p < 0.0001

PAFPAF

Persistent AF

Number of patients under follow-up

1273 1081 750 447 184 74 29 81273      1081      750       447        184        74         29          8

Figure 1 Freedom from atrial fibrillation (AF). KaplaneMeier curve
showing freedom from AF following the last procedure for patients with
paroxysmal AF (PAF) and persistent AF. Comparison of curves was by
the log-rank test. The number in brackets is the proportion free from AF
and not receiving antiarrhythmic drugs (AADs).

97.8%

92.7%

p < 0.0001

Free from AF

Recurrent AF

Number of patients under follow-up

1273 1273 965 680 391 164 69 301273      1273       965       680        391        164         69         30

Figure 2 Maintenance of sinus rhythm and stroke-free survival.
KaplaneMeier curve showing stroke-free survival for patients who
remained free from atrial fibrillation (AF) compared with those with
recurrent AF. Comparison of curves was by the log-rank test. The
number at the bottom is the number of patients still followed up at each
time point.

p = 0.002

p = 0.053

p = 0.951

p = 0.040p

p = 0.107

p = 0.651

p = 0.612

Figure 3 Multivariate analysis of factors predicting stroke and death.
Multivariate analysis was carried out using Cox regression. Figures
show HRs with 95% CIs, p values are shown to the right. AAD denotes
continuing antiarrhythmic drug use. AF, atrial fibrillation.
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Prognosis after AF ablation

• Compared with general populationConfidential: For Review Only

Figure 4: Outcome after catheter ablation of AF compared 
to medical treatment in The Euro Heart Survey and y

controls without AF in the general population.
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Intermountain study

• 37,908 pts follow up at least 3 yrs
• 4,212 ablation, 16,848 AF, 16,848 no AF
• Data from the intermountain hospital group 

online database

Bunch et al JCE 2011



Prognosis after AF ablation

• n= 16,848 vs 16,848 vs 4,212842 Journal of Cardiovascular Electrophysiology Vol. 22, No. 8, August 2011

Figure 1. Long-term outcomes are
shown for those with no history of AF,
AF that did not receive a catheter abla-
tion, and AF that received a catheter ab-
lation at both 1 year (black bar) and 3
years (white bar). In all outcomes with
the exception of heart failure, a signifi-
cant higher event rate was seen at both
time periods in those with AF compared
to either those without AF or those with
AF treated with catheter ablation.

4 (0.1%) were diagnosed with symptomatic pulmonary
vein stenosis. Finally, 1,162 (27.6%) had a repeat ablation
procedure.

Discussion

Large-scale outcomes in the community involving pa-
tients with AF are poor with high rates of both morbidity
and mortality.21-25 Despite background evidence that sinus
rhythm may be associated with better outcomes, large ran-
domized trials have failed to demonstrate an advantage with
rhythm control strategies.7-13 These trials have all used phar-
macologic approaches that have varying degrees of toxicities
and efficacies. Subanalysis of the AFFIRM trial, which com-
pared those patients that actually maintained sinus rhythm
to those in AF, showed lower mortality rates with and with-
out heart failure.26,27 These data coupled with results of the
ATHENA trial28 suggest that the question of rhythm versus
rate control has not been answered completely as potentially
safer rhythm control strategies emerge.

To date, no long-term trials are available to compare
catheter ablation as a primary rhythm control strategy to
rate control. The recently commenced NHLBI sponsored
trial Catheter Ablation Versus Antiarrhythmic Drug Therapy
for Atrial FIBRILLATION (CABANA) will provide much
needed long-term outcomes of this approach, although it is
not a direct comparison to rate control alone. In regard to
our understanding of rhythm control strategies, the data pre-
sented herein are of significant clinical importance as they
show that in a large system-wide population of AF patients
treated with catheter ablation the long-term outcomes (≥3
years) for death, stroke, and dementia are favorable and sim-
ilar to those without AF. These outcomes are in stark con-
trast to those with AF that did not receive ablation in which

patients did significantly worse at all measured time inter-
vals compared to those without AF and those treated with
ablation.

We present data from a very large system-wide study
derived from a prospectively collected registry. Although
speculative, there are many potential reasons behind the ob-
served benefit after catheter ablation in an area in which
antiarrhythmics have fared poorly. First, currently available
antiarrhythmics are not highly effective. Recurrence rates
during therapy are high (44–67% at 1 year; data pooled from
multiple studies).29 The lack of efficiency of antiarrhythmics
to maintain sinus rhythm is manifest in the AFFIRM trial,
in which only approximately 63% of the rhythm control arm
was in sinus rhythm at 5 years, with many patients crossing
over to a rate control strategy (38%).7,26 This percentage is
likely even lower as subclinical episodes of AF are common.
The appreciable rate of sinus rhythm in the rate control arm
at 5 years (35%) further diminishes the interarm difference.
In multiple randomized trials comparing catheter ablation
for AF to antiarrhythmic medications, catheter ablation was
more effective, and those managed with medications often
crossed over for ablation when the trial permitted.14-17,30

Despite a system-wide analysis of multiple operators and in-
clusion of all subtypes of AF, the 3-year survival free of AF
in the ablation group was favorable coupled with low risk of
adverse procedural related events.

Next, patients that receive catheter ablation receive fre-
quent follow-up. At our center they are seen 1–2 weeks after
ablation and then every 3 months thereafter for the first year
with scheduled symptom- and auto-triggered event monitor-
ing. Patients are instructed to present on an as-needed basis
with any durable arrhythmia for immediate assessment and
treatment. This frequent follow-up in catheter ablation pa-
tients likely results in stricter compliance to anticoagulants

Bunch et al JCE 2011



Ablation on stroke risk 

Bunch et al. Outcomes in Patients With AF 843

Figure 2. Long-term survival free of death (A) or cerebral vascular accident
(CVA, B) in patient with atrial fibrillation (AF) with an ablation, AF patients
without an ablation, and in patients with no history of AF.

and repeat assessment and treatment of coexistent diseases
such as hypertension and sleep apnea and minimizes the im-
pact of both subclinical and clinical atrial tachyarrhythmias
that may not otherwise be noticed or treated rapidly. The use
of adjuvant medications in AF remains important as our un-
derstanding of the arrhythmia evolves. For example, in the
AFFIRM trial, the majority of strokes occurred in patients
who had terminated anticoagulation therapy or were receiv-
ing subtherapeutic levels of warfarin.7 In contrast to the AF-
FIRM trial, the ATHENA trial, in which both the dronedarone
and placebo groups had similar rates of anticoagulant
use, the stroke rate was reduced by active (dronedarone)
therapy.31

In addition, antiarrhythmic therapies are not without risk.
Adverse events and side effects are common and likely con-
tribute to poor adherence. Up to 23% of premature discon-
tinuations from antiarrhythmic therapy are due to adverse ef-
fects, and up to 7% are due to proarrhythmia.29 The negative
inotropic effects of antiarrhythmics may have detrimental
effects in some patients, such as those with left ventricu-

lar dysfunction.32 Similarly, AF ablation has risks such as
risks that may directly influence immediate and long-term
dementia such as cerebral embolism that often is silent.33 Pa-
tient selection based upon high risk characteristics for silent
embolism and perhaps periprocedure anticoagulation strat-
egy and ablative approach may minimize this risk. Also,
extensive ablation may produce extensive scarring34 and im-
pact atrial systolic and transfer function despite restoring
sinus rhythm than may predispose to long-term emboli.35

It remains to be studied if the beneficial effects of restor-
ing sinus rhythm will outweigh these potential and reported
risks.

Next, there is an inherent selection bias in comparing an
invasive approach such as catheter ablation to a pharma-
cologic approach. However, clinical trials often also repre-
sent a biased population in that criterion for eligibility is
often that both forms of treatment must be appropriate.36

We tried to minimize this bias by evaluating all patients re-
ceiving ablation across all Utah hospitals, which allowed
examination of a very large group of patients that underwent
catheter ablation. Also, these patients were compared both
to those with AF as a reference and to a probably “healthier”
population that had no history of AF. Similarly, the groups
were age- and sex-matched for a direct comparison. How-
ever, this imposes an important limitation, as we do not have
detailed data regarding procedural characteristics and ap-
proaches, postablation anticoagulation strategies, and patient
selection.

One of the interesting aspects of these data is the per-
tinence of dementia. Our previous study showed an asso-
ciation of AF and all forms of dementia.6 The association
of AF with Alzheimer’s dementia was most significant in
the younger population studied. These data with 1, 3, and
long-term follow-up rates show similar risks of dementia
in those with AF that received catheter ablation and those
without AF. The possibilities surrounding this outcome were
mentioned above and suggest that in those aggressively
treated for AF with comprehensive follow-up the long-term
risk of cognitive decline may be attenuated. Furthermore,
if the highest relative risk is in the younger AF patients,
this may be the group in which the benefit may be more
apparent.

Our study has several limitations. It is an epidemiologic
study from a large healthcare database that we have used to
identify associations but not to establish causality or mecha-
nisms. The study relies on physicians to make and document
the disease states. Furthermore, the treatment of patients is
individualized and this may directly influence risks of mor-
bidity and mortality. However, the data were derived from a
very large database of consecutive patients with long-term
follow-up and insight is gleaned into the association of AF
in general, AF ablation patients, general patients without AF
and long-term adverse cardiovascular outcomes and demen-
tia. Regarding arrhythmia diagnosis, by using ICD-9 codes, a
comprehensive ECG database, and medical records to deter-
mine the presence of AF, the actual incidence of the arrhyth-
mia in our study population may be higher than we reported
due to subclinical events. However, the size of the popula-
tion studied should minimize the influence of this potential
limitation. Similar to AF, dementia and dementia subtypes
were determined by ICD-9 codes and these were assigned by
the caring physicians. Thereby, there may have been some
mischaracterization of dementia subtype.

Bunch et al JCE 2011



Prognosis after AF ablation

• Retrospective analysis of US data warehouse
• AF ablation between 2005 and 2012
• 12,122 ablation vs CVersion
• mean age 57.7yrs, mean CHADSVasc 1.5
• FU 2.4 yrs

Noseworthy et al HRhythm 2015



Prognosis after AF ablation

• n= 24,244 ablation vs CVersion
• propensity matched

12,122 patients undergoing cardioversion (36.7%) matched
to 12,122 patients undergoing ablation (99.7%). For the
entire cohort, the mean age was 57.7! 10.1 years, 74% were
men, and the mean CHA2DS2-Vasc score was 1.5 (median
1.0). Subjects were followed for a mean of 2.4 ! 1.8 years
(median follow-up 1.9 years [interquartile range 1.1–3.3
years] for ablation; median follow-up 1.8 years [interquartile
range 1.0–3.2 years] for cardioversion). The groups were
similar on all matched characteristics based on standard
differences (all P o .10; Table 2; see the Appendix).

A total of 456 subjects (1.9%) in the entire cohort suffered an
ischemic or hemorrhagic stroke or TIA over the study period
(Figures 1 and 2). Stroke within 30 days of the procedure
occurred in 55 patients undergoing ablation (0.5%) and 36

patients undergoing cardioversion (0.3%) (P ¼ .04). Excluding
TIAs, the end point of periprocedural ischemic or hemorrhagic
stroke occurred in 34 patients undergoing ablation (0.3%) and
27 patients undergoing cardioversion (0.2%) (P¼ .37; Table 3).
In time-to-event analysis of the matched cohort, there is a
significant initial risk of stroke/TIA with ablation within the first
30 days (RR 1.53; P ¼ .05; Table 4 and Figure 3). After 30
days, this risk is significantly lower (RR 0.78; P ¼ .03),
indicating that the stroke/TIA risk is higher in the cardioversion
group than in the ablation group. Although not significant, this
initial risk within 30 days of ablation holds true for each type of
neurologic event except hemorrhagic. Adjusting for postproce-
dural cardioversion yields similar results. In a sensitivity analysis
excluding patients with repeat ablation, the risks were consistent

Table 2 Standardized differences in observed covariates between matched and full cohort

Characteristic Ablation cohort (n ¼ 12,122) Cardioversion cohort (n ¼12,122)

Standardized difference

Matched cohort Full (unmatched) cohort

Age group (y)
18–39 578 (4.8) 542 (4.5) "0.014 "0.049
40–49 1658 (13.7) 1674 (13.8) 0.003 "0.166
50–59 4433 (36.6) 4478 (36.9) 0.006 "0.260
60–69 4250 (35.1) 4245 (35.0) "0.002 "0.038
470 1203 (9.9) 1183 (9.8) "0.003 0.515

Sex: female 3133 (25.9) 3043 (25.1) "0.018 0.076
Procedure year

2005 801 (6.6) 801 (6.6) 0.000 0.076
2006 1000 (8.3) 1005 (8.3) 0.000 0.046
2007 1083 (8.9) 1101 (9.1) 0.007 0.051
2008 1218 (10.1) 1219 (10.1) 0.000 0.036
2009 1481 (12.2) 1471 (12.1) "0.003 "0.009
2010 1686 (13.9) 1686 (13.9) 0.000 0.003
2011 2167 (17.9) 2120 (17.5) "0.010 "0.051
2012 2686 (22.2) 2719 (22.4) 0.005 "0.097

CHADS2-Vasc score
0–1 7326 (60.4) 7309 (60.3) "0.002 "0.564
42 4796 (39.6) 4813 (39.7) 0.002 0.564

Charlson index
0–1 8260 (68.1) 8340 (68.8) 0.015 "0.290
42 3862 (31.9) 3782 (31.2) "0.015 0.290

Standardized difference o0.10 (10%) denotes balance in matching algorithm.
Values are presented as n (%).

Figure 1 Unadjusted survival free from stroke or TIA after ablation or
cardioversion. TIA ¼ transient ischemic attack.

Figure 2 Unadjusted survival free from stroke (excluding transient
ischemic attack) after ablation or cardioversion.
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Problems with all these data

• Not randomised (baseline characteristics 
different for both studies)

• Uncertain AF type and duration
• Limited data on procedure and post-

procedure management
• Almost all patients symptomatic
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anticoagulation clinics with the aim of maintaining a stable
therapeutic INR level. We follow a standard, uniform, and
validated protocol of long-term postprocedural anticoag-
ulation management [16]. Briefly, oral anticoagulation is
discontinued, regardless of the CHADS2 score, if patients
do not experience any recurrence of atrial tachyarrhythmias,
severe pulmonary vein stenosis (pulmonary vein narrowing
>70%), and severe left atrial mechanical dysfunction, as
assessed by transthoracic echocardiography.

Patients with a CHADS2 score ≥1 experiencing early
recurrence of AF are maintained on warfarin for at least
6 months. In these patients, warfarin is discontinued if
there is no AF recurrence in the last 3 months without
antiarrhythmic drugs, and aspirin 81 to 325 mg is started.
In case of new AF recurrence after warfarin discontinuation
in patients with a CHADS2 score ≥1, oral anticoagulation is
restarted.

5. Discussion

Our approach to periprocedural anticoagulation has been
extensively validated in previous work [12, 13, 17]. In
particular, we found that a conventional anticoagulation
approach, which included warfarin discontinuation with
peri- and postprocedural bridging with unfractioned and
low-molecular-weight heparin actually increases the risk of
bleeding and thromboembolic complications, as compared
to no periprocedural interruption of oral anticoagulation
[12, 13, 17].

Our most recent report provides strong evidence that
performing AF ablation under therapeutic INR is a safe and
effective approach to virtually abolish the risk of throm-
boembolic complications [13]. We reported a multicenter
prospective comparison of three anticoagulation protocols
in 9 centers performing the same ablation procedure. A
total of 6,454 patients were included in the study, of whom
2,488 underwent ablation with an 8-mm ablation catheter
and preprocedural warfarin discontinuation (Group 1),
1,348 underwent ablation with an open irrigated catheter
and preprocedural warfarin discontinuation (Group 2), and
2,618 underwent ablation with an open irrigated catheter
without preprocedural warfarin discontinuation (Group
3). Overall, periprocedural thromboembolic complications
occurred in 39 (0.6%) patients, with a rate of 1.1% in Group
1, and of 0.9% in Group 2. Notably, no patient of Group
3 experienced periprocedural thromboembolism (Figure 1).
These data support also the appropriateness of our approach
to TEE based on the intensity of anticoagulation in the
month preceding the procedure, especially considering that
1,178 (45%) Group 3 patients had persistent AF, and 498
(19%) long-standing persistent AF.

At multivariable analysis, which adjusted for age, gender,
coronary artery disease, type of AF, heart failure, diabetes,
hypertension, and prior stroke, the anticoagulation strategy
of ablation with a therapeutic INR was a strong inde-
pendent predictor of lower periprocedural thromboembolic
events (odds ratio 0.54, 95% confidence interval 0.32 to
0.89, P = .017). With regard to bleedings, the pooled

0

0.2

0.4

0.6

0.8

1

1.2

Stroke/TIA Major bleeding Pericardial effusion

Pa
ti

en
ts

(%
)

27

12

12

0

10

11

10 11

11

P < .05

P = NS P = NS

OIC off Coumadin N = 1348
OIC on Coumadin N = 2618

8-mm off Coumadin N = 2488

Figure 1: Complications of radiofrequency catheter ablation of
atrial fibrillation in 6,454 patients referred to our institution
between 2002 and 2009. TIA = transient ischemic attack; 8-mm
= 8-mm nonirrigated ablation catheter; OIC = open irrigated
ablation catheter; off/on Coumadin = periprocedural discontinu-
ation/maintenance of therapeutic oral anticoagulant therapy with
warfarin (Coumadin). P from multiple comparison between OIC
on Coumadin and 8-mm and OIC off Coumadin: data from Di
Biase et al. [13].

rate of major bleeding complications (i.e., bleeding requir-
ing interventions including transfusions, hemopericardium,
hemothorax, and retroperitoneal bleeding) and pericardial
effusion in patients who discontinued warfarin before the
ablation procedure (Groups 1 and 2) was 1.1%, whereas in
Group 3 was 0.8% (Figure 1). If also minor bleedings were
included, patients who discontinued warfarin before ablation
procedure had a pooled rate of bleeding complications of
20.7%, while patients who were maintained on warfarin had
a rate of 4.8%.

Translating such percentages into treatment effects, the
net clinical benefit associated with AF ablation without inter-
ruption of oral anticoagulation is overwhelming (Figure 2),
with an estimated 170 thromboembolic or hemorrhagic
complications avoided every 1,000 patients ablated.

In the most recent survey on AF catheter ablation,
Cappato et al. reported thromboembolic and hemorrhagic
complication rates in 16,039 patients undergoing AF ablation
between 2003 and 2006 in 521 centers distributed worldwide
[18]. All these patients had oral anticoagulant discontin-
uation before the ablation procedure. Accordingly, throm-
boembolic and bleeding complication rates in this large
survey were fairly consistent with that reported in Group 1
and 2 patients of our study [13, 18]. Based on our findings it
is estimable that, if periprocedural oral anticoagulation was
not discontinued in all patients included in the survey, more
than 2,700 thromboembolic or hemorrhagic complications
would have been avoided worldwide from 2003 to 2006.
Therefore, there are cogent data supporting the benefit of AF
ablation without discontinuation of oral anticoagulation.

Santangeli et al Cardiol res and practice 2011

n=6454
uninterrupted OAC = no stroke



Conclusion

• If I were to bet I would say yes
• If I had AF then I would chose ablation
• I would not take aspirin post ablation
• The data doesn't tell us the answer yet so 

RCT like CABANA and EAST are critical to 
answer this question


