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Atrial fibrillation (AF), the most common sustained cardiac 
arrhythmia, is associated with significant impairment in 
functional capacity and quality of life and increased morbid-
ity and mortality [1–3]. Indeed, AF is independently asso-
ciated with an overall 3.5-fold risk increase of mortality, 
which is predominantly due to increased risk of stroke and 
systemic embolic events (S/SE) and ventricular dysfunction 
[4]. Non-anticoagulated patients with AF have a 3- to 5 fold 
increased risk of ischemic strokes, and it is estimated that 
up to 30% of all ischemic strokes and 10% of cryptogenic 
strokes are related to this arrhythmia [1–3]. Furthermore, 
ischemic strokes associated with AF are nearly twice as 
likely to be fatal and generally more severe and more recur-
rent than strokes unrelated to AF [5, 6].

Catheter ablation of AF (CAAF) is an effective thera-
peutic strategy recommended in clinical practice guidelines 
(CPGs) as a first-line rhythm control therapy in selected 
patients with symptomatic paroxysmal and persistent AF 
with and without risk factors for AF recurrence or as a sec-
ond-line rhythm control therapy, being an alternative to class 
I or III antiarrhythmic drugs when these drugs failed or are 
contraindicated [1–3, 7].

When performed by well-trained operators, CAAF is a 
safe and superior alternative to antiarrhythmic drug therapy 
for reducing arrhythmia burden and improving quality of 
life in patients with symptomatic AF [7–9]. However, rand-
omized clinical trials (RCTs) have not clearly demonstrated 
a significant reduction in all-cause mortality, stroke, or major 

bleeding event (MBEs) following CAAF, and, therefore, 
the indications for this procedure have not been broadened 
beyond symptom relief, except to reverse left ventricular 
dysfunction when tachycardiomyopathy is highly prob-
ably [7–11]. Nevertheless, the CASTLE-AF trial found that 
CAAF reduced the risk of death and heart failure hospitali-
zation compared with medical therapy in selected patients 
with heart failure with reduced ejection fraction (HFrEF) 
[12], a result confirmed in other studies [13, 14]. Restoration 
of sinus rhythm also improved left ventricular ejection frac-
tion, functional capacity, and ventricular remodeling [15]. 
However, the benefit associated with CAAF appeared to be 
more modest in routine practice than that reported in the 
CASTLE-AF trial [16], and, in addition, some authors have 
raised criticism about the selected population enrolled in 
the trial. Two recent systematic reviews and meta-analysis 
found that CAAF was associated with a mortality benefit 
as compared with medical treatment, and this benefit was 
restricted to patients with AF and HFrEF [17, 18].

Although CAAF is considered a relatively safe inva-
sive procedure, it can be occasionally complicated by 
periprocedural thromboembolic (S/SE, transient ischemic 
attacks-TIA) and bleeding events [1–3], even when some 
complications can also occur weeks or months following 
ablation. CAAF is a complex interventional procedure that 
involves catheter manipulation and ablation in the delicate 
thin-walled atria, trans-septal punctures, left atrial (LA) 
endothelial damage, char formation on ablation catheters, 
air bubble ingress, a prothrombotic state associated with 
the arrhythmia, activation of the clotting cascade, and blood 
flow alteration after sinus rhythm is established [19]. These 
changes increase the risk of S/SE during and for several 
weeks after ablation even in patients considered to have a 
low-risk of stroke according to the tools for risk assessment 
 (CHADS2,  CHA2DS2-VASc, and ABC scores) [7–9, 20].

Prospective, registry-based data show that up to 14% of 
patients undergoing CAAF experience complications, 2–3% 
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of which are potentially life-threatening [7, 11, 21, 22]. 
Several surveys enrolling mainly paroxysmal AF patients 
undergoing CAAF showed an incidence of thromboembolic 
events < 1.0%, but asymptomatic cerebral embolism can 
appear in 5–15% and bleeding complications in 1–4% of 
patients [7, 11, 20]. Thus, adequate oral anticoagulation ther-
apy (OAT) is recommended before (for at least 3 weeks in 
case of stroke risk factors), during, and for at least 2 months 
post-CAAF to prevent these thromboembolic complications 
even at the risk of increasing bleeding events [1–3].

Oral Anticoagulant Therapy

To date, OAT is the only therapeutic intervention that has 
shown to improve survival in patients with AF. For almost 
50 years, adjusted doses of vitamin K antagonists (VKAs, 
mainly warfarin) were the mainstay OAT prescribed for the 
prevention of S/SE in AF patients. Today, VKAs are still 
used in many patients and are the only OAT recommended 
in those with moderate-to-severe mitral stenosis and/or pros-
thetic mechanical valves [1–3]. In a meta-analysis of 9 stud-
ies (27,402 patients), CAAF performed under therapeutic 
warfarin (international normalized ratio-INR 2.0–3.5) was 
associated with a striking decrease of S/SE (OR, 0.10; 95% 
CI, 0.05–0.23; P < 0.001) and minor bleeding complica-
tions (OR, 0.38; 95% CI, 0.21–0.71; P = 0.002) compared 
with warfarin discontinuation and did not increase the risk 
of MBEs, including cardiac tamponade [23]. In the COM-
PARE study, which recruited patients at high-risk of stroke 
(24% had persistent AF and 51% long-standing persistent 
AF; ≈70% with a  CHADS2 score ≥ 2), uninterrupted war-
farin therapy reduced periprocedural stroke/TIA and minor 
bleeding complications, as long as the INR remained within 
the therapeutic range (TTR) ≥ 70% of the time, while war-
farin temporary discontinuation with enoxaparine bridg-
ing emerged as a strong predictor of periprocedural S/SE 
[24]. However, the use of VKAs is limited by their multiple 
mechanisms of action, slow onset/offset of action, narrow 
therapeutic range, wide inter-individual variability in anti-
coagulant response, need for regular INR monitoring and 
dose adjustments to optimize the TTR, and multiple drug 
interactions [25].

New direct oral anticoagulants (DOACs: apixaban, dabi-
gatran, edoxaban and rivaroxaban) present a more targeted 
mechanism of action, rapid onset-offset of action, predict-
able anticoagulation effects so that they can be used at fixed 
doses without regular monitoring and fewer drug interac-
tions. Thus, in patients on VKAs with a low TTR (< 70%) 
at follow-up, switching to a DOAC is recommended [1–3]. 
In four pivotal phase 3 RCTs in patients with NVAF, com-
pared with warfarin, DOACs significantly reduced S/SE 
(19%) mainly driven by a reduction in hemorrhagic stroke 

(51%), intracranial hemorrhage (52%), and all-cause mortal-
ity (10%) but increased gastrointestinal bleedings (25%) at 
long term follow-up [26]. Thus, DOACs are more convenient 
for both patients and physicians and are replacing VKAs 
in general practice, including patients undergoing CAAF. 
Several clinical trials [27–32] and meta-analysis (Table 1) 
[33–42] comparing the use of uninterrupted DOAC vs. 
warfarin therapy for CAAF reported no differences in the 
incidence of stroke/SE/TIA or minor bleeding events, but 
DOAC therapy was associated with reduced risk of MBEs, 
which translated into a significant net clinical benefit. Thus, 
unless they are contraindicated (i.e., patients with moderate-
to-severe mitral stenosis and/or mechanical heart valves), 
uninterrupted OAT with DOACs is preferred to VKAs for 
S/SE prevention in patients undergoing CAAF [1–3]. How-
ever, and because of their short half-lives (10–14 h), it is 
critical to educate the patient about the importance of strict 
adherence to the prescribed regimen.

The selection of OAT before CAAF should be based on 
the risk of thromboembolic complications, irrespective of 
the pattern of AF (paroxysmal, persistent, permanent), and 
individualized after discussion of the efficacy and risks of 
thromboembolic and bleeding events as compared with 
antiarrhythmic drug therapy, taking into consideration the 
patient’s values and preferences [1–3].

Recommendations in Current Practical 
Clinical Guidelines

CPGs recommended that AF patients with stroke risk fac-
tors should receive uninterrupted preprocedural OAT with 
VKAs (INR 2.0–3.0) or DOACs for at least 3 weeks before 
CAAF and to perform the procedure without OAT inter-
ruption [1–3]. However, some authors consider that it is 
reasonable to hold one to two doses of the DOACs prior to 
ablation with reinitiation of OAT postablation [55,56,57]. 
After CAAF, CPGs recommend continuing OAT for S/SE 
prevention for at least 2 months in all patients regardless of 
stroke risk factors [1–3]. Beyond this time, the decision to 
continue or stop OAT should not be based on the apparent 
success or failure of CAAF or pattern of AF, but on the 
stroke  (CHA2DS2-VASc score) and bleeding risks (HAS-
BLED score) and comorbidities of the patient [1,2,3,58]. 
However, the estimated bleeding risk, in the absence of 
absolute contraindications to OAT, is not recommended to 
guide the decision to use OAT for stroke prevention (3).

The recommendation of long-term OAT therapy for S/
SE prevention is maintained in patients at high risk of stroke 
(i.e.,  CHA2DS2-VASc score ≥ 2 for men or ≥ 3 for women, 
prior history of stroke), in whom the reduction in the risk of 
a disabling stroke may outweigh the risk of bleeding [1–3]. 
For patients with intermediate stroke risk  (CHA2DS2-VASc 
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score 1 in men or 2 in women), long-term OAT therapy 
is also recommended. However, because of lack of RCTs 
to guide OAT therapy, some physicians consider that in 
selected patients without AF in whom a diligent follow-up 
of AF recurrences is performed, OAT therapy can be discon-
tinued based on net clinical benefit (risk of S/SE weighed 
against the risk of bleeding) and taken into consideration 
patient’s values and preferences [59,52]. Finally, in patients 
at low risk of stroke  [CHA2DS2-VASc score = 0 (men), or 1 
(women)], the risk of S/SE in observational studies is very 
low (0–0.2%), and the risk of bleeding associated with long-
term OAT outweighs the benefits of stroke prevention; thus, 
discontinuation of OAT should be considered 2 months post-
CAAF regardless of AF recurrence [40,60,61,62].

Do We Follow the Clinical Guideline 
Recommendations?

An important question to answer is whether the recom-
mendations of the CPGs are regularly followed. Despite the 
recommendation for continued OAT in patients at moderate-
high risk of stroke, real-world patterns of OAT therapy in 
these patients are heterogeneous. In some studies, ≈1 in 4 
patients with a  CHA2DS2-VASc score ≥ 2 had their OAT 
discontinued sometime after ablation with no safety strategy 
in place [63,64]]. Thus, discontinuation of OAT after abla-
tion is common and physicians (including some members 
of the writing committee of CPGs) are not following the 
recommendations on post-ablation OAT, and the clinical 
consequences of this conduct remain uncertain. This finding 
confirms that recommendations are commonly not being fol-
lowed in clinical practice, reflecting the lack of randomized 
trial data to guide practice. Thus, there is a critical need to 
further evaluate the association between discontinuation of 
OAT post-CAAF and subsequent outcomes.

Do We Have Enough Data to Recommend 
that It Is Safe to Discontinue OAT After 
Catheter Ablation of Atrial Fibrillation?

To answer this question, a systematic review in PubMed, 
EMBASE, SCOPUS, and Google Scholar up to December 
31, 2020, was performed to identify studies comparing con-
tinuation vs discontinuation of OAT after an apparent suc-
cessful CAAF using the following heading terms and key 
words: atrial fibrillation, ablation, catheter ablation, warfa-
rin, vitamin K antagonist, direct oral anticoagulants, apixa-
ban, dabigatran, edoxaban, rivaroxaban, factor Xa inhibitors, 
direct thrombin inhibitors, stroke, thromboembolism, major 
and minor bleeding, and combinations of these keywords. 
Clinical outcomes included cerebrovascular events, systemic 

thromboembolism, major/minor bleeding, and net clinical 
benefit.

Several retrospective non-randomized studies [24, 
43–53] and meta-analysis [33–42] examined whether it 
was safe to discontinue OAT after successful CAAF using 
the  CHA2DS2-VASc score for risk stratification and S/SE 
as the primary outcomes (Table 1). Some studies reported 
a low risk of S/SE (0.8–1.1%) and a lower risk of serious 
bleedings in patients who discontinue OAT several months 
after CAAF [43–47, 50, 52, 53]. Conversely, other studies 
confirmed that OAT discontinuation after CAAF is not safe 
in high-risk patients [23, 47–49, 51, 53]. However, these 
studies presented important limitations which are summa-
rized in Table 2, and, therefore, their conclusions should 
be interpreted carefully and need to be confirmed in prop-
erly designed prospective RCTs that assess the efficacy and 
safety of discontinuing OAT after CAAF. Thus, at the pre-
sent time, there is no information from prospective RCTs 
to recommend whether it is safe or not to discontinue OAT 
after CAAF in patients with intermediate-to-high stroke risk.

Proietti et al. permorfed systematic review of 10 pro-
spective cohort and 6 retrospective cohort studies (25,177 
patients) that reported cerebrovascular events (CVE) after 
CAAF and compared patients on- vs off-OAT [38]. No 
significant differences in the incidence of CVE emerged 
between on- and off-OAT patients after CAAF, and 
this result persisted after stratification by  CHADS2 and 
 CHA2DS2-VASc score. Off-OAT patients suffered signifi-
cantly less bleeding than those on-OAT (RR, 0.17; CI, 0.09, 
0.34), but they have lower  CHADS2 scores than on-OAT, 
probably reflecting the reluctance of clinicians to discon-
tinue OAT in high thromboembolic risk patients and the 
influence of current guidelines. However, it should be men-
tioned that there was a high degree of heterogeneity among 
the studies, all the studies but two used warfarin as OAT (so, 
it is uncertain whether these results can be extrapolated also 
to DOACs), and they did not provide sufficient data to pre-
dict the risk of bleeding (e.g., HAS-BLED scores) or assess 
the impact of AF recurrence on the incidence of CVE in the 
studied population.

Is It Possible to Stop OAC Therapy 
Post‑Successful Ablation?

In this sea of doubts, it seems reasonable to recommend cau-
tion against discontinuation of OAT after an apparently suc-
cessful CAAF in patients with a  CHA2DS2-VASc score ≥ 2 
[]. Of note, many recently diagnosed healthy AF patients 
develop cardiovascular diseases with a consequent change 
in thromboembolic risk profile within a short time frame. A 
close follow-up of these patients is needed to avoid over- and 
under-treatment with OAT.
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The question is how to determine the cut-off amount 
of AF to be considered an AF recurrence for which OAT 
should be continued or reinitiated. A recent retrospective 
study evaluated the rates of stroke/SE as a function of 
both  CHA2DS2-VASc score and AF duration in 21,768 
patients with implantable cardiovascular devices who 
were not anticoagulated [70]. Both the increase in AF 
duration and  CHA2DS2-VASc score were significantly 
associated with an annualized risk of S/SE. Although the 
S/SE rates were low in patients with a  CHA2DS2-VASc 
score of 0 to 1 regardless of device-detected AF duration, 
the stroke risk crossed an actionable threshold (defined 
as > 1%/year) in patients with a CHA2DS2-VASc of 2 
with > 23.5 h of AF, with a  CHA2DS2-VASc score of 3–4 
with > 6 min of AF, and with a  CHA2DS2-VASc score ≥ 5 
even with no AF. In patients with a daily AF duration 
between 6 min and 23.5 h, a  CHA2DS2-VASc score > 3 
is required to justify OAT, while an AF burden > 23.5 h 
would justify OAC at a CHA2DS2-VASc score of 2. Thus, 
AF duration, as detected on implantable cardiac devices, 
and  CHA2DS2-VASc risk score can be used to define the 
threshold required for the initiation and/or maintenance of 
OAT in patients with underlying stroke risk factors. Fur-
thermore, this study showed that in patients with elevated 
 CHA2DS2-VASc score, some strokes may not be caused 
by AF directly, but may represent a marker for other stroke 
risk factors and vascular mechanisms with which AF is 
frequently associated.

After all these considerations, it is generally accepted that 
OAT should not be discontinued after CAAF in the follow-
ing patients:

(1) At very high risk of stroke, such as those with valvular 
AF (mitral stenosis or valvular disease requiring surgery), 
hypertrophic cardiomyopathy, cardiac amyloidosis, large LA 
(> 5 cm) which remains dilated after ablation, thrombus in 
the LA appendage, or LA spontaneous echocardiographic 
contrast post-ablation [53,71], even after apparently success-
ful AF ablation, because in these patients recurrences of AF 
are more frequent than in the general population.

(2) At high risk of stroke  (CHA2DS2-VASc2 ≥ 2 in men 
or ≥ 3 in women), specially if they are elderly (> 75 years) 
or have prior stroke and/or TIA [54,72].

(3) At high risk of AF recurrences after CAAF, because 
many patients develop asymptomatic episodes of AF, AF 
recurrences can occur months after CAAF, and there is a lack 
of clear temporal association between AF recurrence and S/
SE [73–75]. Among patients with a CHADS2 score of ≥ 3, 
26.9% of the recurrences occurred 2 years post-CAAF and 
the recurrence rates increased in later years [76]. Thus, we 
can not be sure that in patients with a  CHA2DS2-VASc ≥ 2 it 
is safe to stop OAT. A similar comment is valid for patients 
with asymptomatic AF episodes post-CAAF because they 
are exposed to an increased risk of S/SE if OAT is restarted 
too late. In the ASSERT study, subclinical atrial tachyar-
rhythmias (defined as episodes of atrial rate ≥ 190 bpm) last-
ing > 6 min, as compared with no episodes, were associated 
with an increased risk of ischemic stroke or SE (HR 2.49; 

Table 2  Main limitations of present evidence

Abbreviations: AF atrial fibrillation, CAAF catheter ablation of atrial fibrillation, DOACs direct oral anticoagulants, OAT oral anticoagulant 
therapy, S/SE stroke/systemic embolism, TIA transient ischemic attack

• Most clinical studies were retrospective and/or non-randomized, which can introduce potential performance bias
  • In the absence of a randomized comparison of chronic OAT versus discontinuation of OAT after CAAF definite conclusions are not possible
• There are significant differences among trials design, stroke risk of participants, pattern (paroxysmal vs persistent) of AF, dosing regimens of 

DOACs, ablation techniques, and follow-up duration
   • The time frame of discontinuation of OAT ranged from 3 to 8 months at the discretion of the physician
   • Episodes of silent AF can be underestimated due to lack of continuous ECG monitoring during follow-up
   • The definition of bleeding was not consistent throughout the studies
   • No pre-ablation magnetic resonance imaging was performed to evaluate the presence of any pre-existing cerebral ischemic lesions
• Only a small subset of patients had a  CHA2DS2-VASc score ≥ 2, and a reduced number of patients were at extreme increased stroke risk due to 

a prior stroke or TIA
• The short overall follow-up duration does not allow to evaluate the effect of AF recurrences on thromboembolic events (S/SE) and bleeding 

complications
• Meta-analysis are biased and underpowered due to the relatively small sample sizes and the low event rates of the studies
• There are no head-to-head comparative studies among DOACs, even when they present important pharmacodynamic/pharmacokinetic differ-

ences
• DOACs were studied in a relatively young population of AF patients (mean age 62 years), but there is little information in older patients 

(> 75 years) or in patients with chronic kidney disease, at higher risk of bleeding complications
• Relevant studies were conducted at high-volume centres with low adverse event rates, but procedural risks for both bleeding and stroke might 

be higher at low-volume centres with less procedural experience
• The temporal dissociation between AF episodes and stroke suggests that some strokes may not be caused by AF directly, but AF simply repre-

sents a marker for other other stroke risk factors and vascular mechanisms with which AF is frequently associated
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1.28–4.85; P = 0.007) [77]. Similarly, in the TRENDS study, 
an atrial tachycardia/AF burden of ≥ 5.5 h on any given day 
during the antecedent 30 days appeared to double the throm-
boembolic event risk [78].

(4) Who are unable or unwilling to assess their heart 
rhythm regularly and reliably to screen for asymptomatic 
AF episodes [79].

Mobile health technologies are rapidly developing, 
including smart and wearable devices, external loop record-
ers, wearable patch monitors, and implantable electronic 
devices, to increase the likelihood of detecting asymp-
tomatic AF, assess ventricular rate control, and correlate 
patient symptoms with heart rate [80, 81]. In a retrospective 
cohort study of 1,965 adults with paroxysmal AF (median 
ATRIA stroke risk score 4,  CHA2DS2-VASc score 3), a 
greater cumulative burden of AF (≥ 11%) identified using 
up to 14-day continuous, noninvasive electrocardiographic 
monitoring was independently associated with a higher risk 
of subsequent ischemic stroke or arterial thromboembolism, 
while patients were not taking OAT, even after adjusting for 
known stroke risk factors [82]. Thus, AF burden following 
CAAF rather than just mere AF recurrence is a new param-
eter which could assist patients and physicians in having a 
more informed, shared decision-making discussion about 
stroke prevention strategies. Current limitations preventing 
the widespread adoption of wearable devices include the 
limited accuracy and insufficient outcome-based evidence 
to support clinical decision-making [80].

Conclusions

OAT (with VKAs or DOACs) decreases the risk of S/SE in 
patients with AF and stroke-risk factors, but long-term OAT 
can also result in severe bleeding complications. Unfortu-
nately, at the present time there is no information from pro-
spective RCTs to recommend whether it is safe or not to 
discontinue OAT therapy after successful CAAF in patients 
with intermediate-to-high stroke risk. Therefore, the deci-
sion of whether OAT can be safely discontinued post-CAAF 
remains controversial, but it can be considered in patients at 
intermediate clinical risk of S/SE on an individual-case basis 
considering the risk/benefit ratio and patients’ preferences. 
Thus, there is an unmet need of solid evidence coming from 
large, long-term, prospective RCTs designed to properly 
answer this question. Furthermore, the existing differences 
between the pharmacological characteristics of DOACs and 
between the different procedures currently used to perform 
CAAF emphasize the need for more information about the 
optimal DOAC therapy in different patient populations and 
for each catheter ablation device. We hope that ongoing tri-
als can shed some light and provide more definitive guidance 

on which is the best OAT regimen and in which populations 
it is safe or not to discontinue OAT after successful CAAF.
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