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Oral anticoagulation (OAC) is recommended in both paroxysmal atrial fibrillation (pxAF) and

nonparoxysmal AF (non-pxAF), but disagreement exists in classes of recommendation. Data

on incidence/rate of stroke in pxAF are conflicting, and OAC is often underused in this popu-

lation. The objectives of the meta-analysis were to investigate different impact on outcomes

of pxAF and non-pxAF, with and without OAC. Two reviewers searched for prospective stud-

ies on risk of stroke and systemic embolism (SE) in pxAF and non-pxAF, with and without

OAC. Quality of evidence was assessed according to GRADE approach. Stroke combined with

SE was the main outcome. Meta-regression was performed to evaluate OAC effect on stroke

and SE incidence rate. We identified 18 studies. For a total of 239 528 patient-years of

follow-up. The incidence rate of stroke/SE was 1.6% (95% confidence interval [CI]: 1.3%-2.0%)

in pxAF and 2.3% (95% CI: 2.0%-2.7%) in non-pxAF. Paroxysmal AF was associated with a lower

risk of overall thromboembolic (TE) events (risk ratio: 0.72, 95% CI: 0.65-0.80, P < 0.00001)

compared with non-pxAF. In both groups, the annual rate of TE events decreased as proportion

of patients treated with OAC increased. Non-pxAF showed a reduction from 3.7% to 1.7% and

pxAF from 2.5% to 1.2%. Major bleeding rates did not differ among groups. Stroke/SE risk is sig-

nificantly lower, although clinically meaningful, in pxAF. OAC consistently reduces TE event rates

across any AF pattern. As a whole, these data provide the evidence to warrant OAC irrespective

of the AF pattern in most (virtually all) patients.
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1 | INTRODUCTION

Atrial fibrillation (AF), the most common sustained cardiac arrhythmia,

predisposes patients to an increased risk of embolic stroke and has a

higher mortality than sinus rhythm.1–3 Anticoagulation with interna-

tional normalized ratio–adjusted warfarin4 or with non–vitamin K

antagonist (non-VKA) oral anticoagulants (NOACs) is highly effective

in reducing the risk of stroke.4,5 Whether the risk of stroke is affected

by the type, duration, and frequency of AF has been debated for

years.6–23 A general consensus has been reached on the definition

based on the temporal occurrence of AF: paroxysmal AF episodes are

self-limiting and last <1 week; episodes lasting >7 days are referred

to as persistent AF; and permanent AF refers to AF without any

intervening sinus rhythm.1,2 Previous studies on the relation between

AF pattern and the risk of stroke have yielded conflicting results.6–23

Although some recent trials have reported higher stroke rates in

patients with permanent compared with paroxysmal AF, other studies

did not.6–23 Practice guidelines on AF management made identical

recommendations regarding stroke prevention for all types of AF,

based on known risk factors for stroke in this patient population.1,2

The available data comparing stroke risk in patients with paroxysmal

and permanent AF are limited by methodological issues, such as small

sample sizes or differential use of anticoagulation in patients with

paroxysmal AF compared with permanent AF.

The objectives of the current review and meta-analysis were

to investigate the differences, if any, in outcomes between
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nonanticoagulated and anticoagulated patients with persistent vs par-

oxysmal AF, and to determine whether there was a difference in

treatment effect in these groups.

2 | METHODS

2.1 | Search strategy and study selection criteria

Two independent reviewers performed a combined search in 3 main

databases, PubMed, Cochrane Library, and Scopus, from 1990

through September 2015 using the following keywords: “atrial

fibrillation,” “thromboembolism,” “outcome,” “systemic embolism,”

“embolism,” “stroke,” “cerebral embolism,” “paroxysmal,” and “inter-

mittent.” Furthermore, all references of expert reviews and manu-

scripts were screened to manually add studies not identified by the

automatic search. The PRISMA statement was followed as standard

considering the nonintervention nature of the meta-analysis.24

Results were exported in a dedicated database to identify and elimi-

nate duplicate as reported in the flow diagram (see Supporting Infor-

mation, Figure 1, in the online version of this article).

Only English-language studies were considered for the present

analysis. The following criteria were selected by protocol for stud-

ies inclusion or exclusion: (1) longitudinal prospective randomized

or observational studies including (2) unselected prespecified

patients with paroxysmal/intermittent and persistent/permanent

AF with (3) unrestricted utilization of medical therapy or

procedures during follow-up and (4) defined outcomes in terms of

cerebral embolism and/or systemic embolism. Studies including

only patients selected for ablation or cardiac procedures, acute

coronary syndromes, and secondary prevention (ie, postischemic

cerebral events) were excluded to avoid any significant bias in

patient selection.

2.2 | Outcome definition and data extraction

Ischemic or unspecified stroke combined with systemic embolism

when reported were selected as the main outcome for the present

analysis. Transient ischemic attack (TIA), due to its more subjective

nature, has been excluded whenever possible while deemed accepta-

ble only when indivisible from the main endpoint. Adjunctive sensitiv-

ity analysis excluding such studies was performed to avoid bias

related to such subjective outcome. Two reviewers (AL and ADC)

independently reviewed all selected studies to extract the absolute

number or events within each group, overall patients included that

completed the study, length of follow-up, and incidence rate of

events. The number of patient-years of follow-up for each study is

then estimated. The following additional information was retrieved

from studies when available (see Supporting Information, Table 1, in

the online version of this article): percentage of patients taking oral

anticoagulant (OAC) within each group, age, risk score when reported

as CHADS score, and bleeding events (again summarized as events

per 100 patient-years).

FIGURE 1 Stroke and SE by AF pattern, forest plot. Abbreviations: AF, atrial fibrillation; CI, confidence interval; df, degrees of freedom; M-H,

Mantel-Haenszel; non-PxAF, non-paroxysmal AF; pts, patients; PxAF, paroxysmal AF; SE, systemic embolism.
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2.3 | Data collection and analysis

Pooled results of the meta-analysis are presented as risk ratio

(RR) with 95% confidence intervals (CI). Heterogeneity across studies

was assessed by the Cochran Q statistic and the I2 statistic. Potential

publication bias was assessed by visual assessment of constructed

funnel plots (see Supporting Information, Figure 2, in the online ver-

sion of this article). The differences in RR were combined across

studies with random-effects model. Analyses were conducted using

RevMan (Copenhagen, Denmark: The Nordic Cochrane Centre, The

Cochrane Collaboration, 2012).

2.4 | Sensitivity analyses

Prespecified sensitivity analysis was performed excluding studies

with TIA as indivisible outcome. Moreover, a separate analysis was

planned to better understand if differences exist between rando-

mized controlled trials (RCTs) and registries, and if adjusted data from

studies with multivariable adjustment differ from unadjusted event

rates (generic inverse variance methods, hazard ratio).

Due to the importance of OAC, a final analysis including only

studies with completely matched OAC assumption between parox-

ysmal AF (pxAF) and persistent/permanent AF (non-pxAF) was

performed.

2.5 | Meta-regression analysis

A set of specific analyses was performed to better understand the

weight of OAC on thromboembolic (TE) event incidence/rate

within patients with pxAF or non-pxAF. Meta-regression graph

was constructed with proportion of subjects taking OAC on the x-

axis and the TE rate on the y-axis. A graph for each subgroup was

presented. A pooled weighted incidence rate of events in the pxAF

and non-pxAF groups was derived for studies without OAC, stud-

ies with full anticoagulated population, and finally for intermediate

condition. These and pooled incidence analyses were conducted

with the Agency for Healthcare Research and Quality Open Meta-

Analyst.

2.6 | Quality assessment and reporting

We reported risk of bias for each study included in the meta-analysis

and overall quality of evidence assessment for 3 main outcomes.

Briefly, 5 main domains were considered for risk of bias for prognos-

tic studies: (1) representativeness of the reported population; (2) rec-

ognition and definition of AF pattern; (3) completeness and length of

the follow-up; (4) reported clear and objective criteria for the out-

come; and (5) recognition and recording of the other important prog-

nostic factors associated with the outcome.

A summary-of-findings table was constructed for 3 main out-

comes: stroke and/or SE, stroke alone, and major bleedings. Overall

quality of evidence for each outcome was assessed according to the

modified Grading of Recommendations Assessment, Development,

and Evaluation (GRADE) approach for prognostic studies.25T
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3 | RESULTS

3.1 | Study characteristics

The literature search identified a total of 4618 studies between 1990

to 2015, of which 18 were finally included in this analysis (see Sup-

porting Information, Figure 1, in the online version of this article).6–23

Characteristics of the 18 included studies are reported in Supporting

Information, Table 1, in the online version of this article. The final

population comprised 176 975 patient-years in the non-PxAF group

and 62 553 patient-years in the pxAF group. Particularly, 22 studies

reported full data about AF subtype and outcome, but 4 of them

were excluded due to retrospective assignment of the outcome. The

study design was an RCT to assess anticoagulation in 11 stud-

ies6–9,13–15,17–19,22 and a prospective observational registry in the

other 7 studies.10–12,16,21–23 SE combined with stroke was the main

outcome in 13 studies, but in 4 of them stroke alone can also be con-

sidered independently. Stroke alone was the only outcome in 4 stud-

ies, and TIA could not be excluded from the combined clinical event

in only 3 studies. The percentage of patients with OAC could be

retrieved in the majority of the studies (16 of 18) and ranged from

0% (2 studies) to 100% (5 studies). The CHADS2 score in both non-

PxAF and PxAF was the main risk score available for the meta-

analysis in 5 studies after 2007. The follow-up length ranged from

1 to 3.6 years.

3.2 | Clinical outcomes and subgroup analysis

A total of 941 events in the pxAF group and 3611 events in the non-

PxAF group have been computed for a pooled weighted incidence

rate of 1.6% (95% CI: 1.3%-2.0%) and 2.3% (95% CI: 2.0% 2.7%),

respectively. The pooled estimate RR was 0.72 (95% CI: 0.65-0.80,

P < 0.00001) for pxAF as compared with non-PxAF, with only mild

heterogeneity (I2 = 35%; P = 0.07; Figure 1). Similar results were

obtained also by considering the 10 studies with evenly matched pro-

portion of OAC therapy within pxAF and non-pxAF groups (RR: 0.74,

95% CI: 0.65-0.85, P < 0.00001; see Supporting Information,

Figure 3, in the online version of this article).

After excluding the 3 oldest studies to fulfill the contemporary guide-

line definition of pxAF, the estimated RR did not change significantly (RR:

0.70, 95% CI: 0.63-0.78, P < 0.00001; Figure 2). Similarly, the main results

were confirmed also excluding studies with TIA as an indivisible part of

the outcome (RR: 0.72, 95% CI: 0.65-0.81, P < 0.00001). Nine studies for

a total of 111 117 patient-years reported multivariate analysis with base-

line characteristics adjustment. The pooled estimated adjusted RR was

0.71 (95% CI: 0.51-0.87, P < 0.0001; I2 = 52%).

Total weighted incidence rate in observational registries was

2.5% (95% CI: 1.6%-3.5%; total patient-years 42 789) and was

slightly higher than in randomized trials (1.9%, 95% CI: 1.6%-2.3%;

total patient-years 196 749). The RR between pxAF and non-pxAF

was modestly lower in observational registries (RR: 0.67, 95% CI:

0.57-0.79) as compared with RCTs (RR: 0.75, 95% CI: 0.66-0.85).

When considering stroke as the only main clinical outcome, the

RR was reduced to 0.75 (95% CI: 0.62 0.89); whereas when SE was

included, RR was 0.71 (95% CI: 0.63-0.80; Table 1; see also Support-

ing Information, Figure 4, in the online version of this article).

Pooled-weighted mean CHADS2 score assessed in 5 studies was

2.16 (95% CI: 1.35-2.97) in the pxAF group and 2.45 (95% CI: 1.69

3.21) in the non-pxAF group (P < 0.01).

Incidence of major bleeding was 2.5% (95% CI: 1.8%-3.3%) in the

pxAF group and 2.3% (95% CI: 1.6%-3.1%) in the non-PxAF group

(RR: 1.04, 95% CI: 0.92-1.18, P = 0.49; Table 1; see also Supporting

Information, Figure 5, in the online version of this article).

3.3 | The OAC effect

A meta-regression analysis considering the percentage of patients

taking OAC and the incidence rate of stroke or stroke and SE is

FIGURE 2 Stroke and SE by AF pattern in studies with definition of paroxysmal according to current guidelines; forest plot. Abbreviations: AF,

atrial fibrillation; CI, confidence interval; df, degrees of freedom; M-H, Mantel-Haenszel; non-PxAF, non-paroxysmal AF; PxAF, paroxysmal AF;
SE, systemic embolism.
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reported in Figure 3. In both the pxAF and non-pxAF groups, a pro-

gressive reduction of events in studies with a higher proportion of

patients taking OAC is observed, the trajectory being steeper in the

non-PxAF group (Figure 3B) as compared with PxAF (Figure 3A).

The pooled weighted incidence rate was more than halved in stud-

ies with anticoagulated population as compared with studies per-

formed without OAC (Table 2). This effect was consistent in both

pxAF and non-pxAF patients.

4 | DISCUSSION

Current guidelines from Europe and North America recommend the

selection of antithrombotic therapy based on the individual risk of

TE, regardless of the AF pattern.1,2 Major potential threats to the

robustness of the data supporting such an approach could be inferred

by the different grading of the level of evidence and the class of rec-

ommendation attributed.1,2 Previous randomized clinical studies7,8

and observational registries10 have reported similar risk of stroke/SE

events in patients with pxAF and non-pxAF. Conversely, in 2 large

post-hoc analyses of randomized trials19,22 and 2 large Asian regis-

tries20,21 published in 2014 and 2015, an incremental TE risk was

found in patients with non-pxAF being 2-fold of that observed in

pxAF. A recent meta-analysis systematically evaluated the outcomes

of different types of AF,26 suggesting a significantly higher risk in

non-pxAF patterns without providing information about the relative

OAC effect.

Our aim was to systematically review available data, trying

to bridge the aforementioned gap in the evidence. To the best

of our knowledge, this was the first comprehensive meta-

analysis pooling together all the available data systematically

assessing the risk of TE with the relative effect of OAC as a

function of AF patterns. The main findings indicated that pxAF

is associated with a non-negligible RR reduction of stroke/SE as

compared with non-pxAF despite retaining a clinically meaning-

ful event rate. As a consequence, OAC therapy, as warranted in

the guidelines, was consistently shown to halve the risk in any

AF pattern.

The major strength of the meta-analysis, the highest level of evi-

dence, is to pool results from RCTs, which are strictly selective, and

from registries, which, conversely, are more representative of the

real-life population but with lower quality of follow-up and data. In

line with several previous observations, the present meta-analysis

showed a 28% lower stroke/SE RR in patients with pxAF. The risk

reduction was even smaller considering only stroke as the major out-

come. To avoid potential bias due to the different definitions of “par-

oxysmal” used in the analyzed studies (covering a time period of

nearly 25 years, from 1990 to 2015), a sensitivity analysis was per-

formed including only 15 studies that strictly fulfilled the guideline

definition of pxAF. The subanalysis confirmed and reinforced the

findings of the main dataset, suggestive of a modestly increased TE

ischemic risk in non-pxAF.

Since the release of the 2010 European Society of Cardiology

guidelines,1 the paradigm of stroke and SE risk stratification has

shifted toward the identification of the truly low-risk patients (whose

annual risk is virtually 0%), confirming the previous indication to con-

sider, in presence of risk factors, the stroke risk of paroxysmal similar

to that of persistent and permanent AF.

FIGURE 3 Meta-regression analysis. Pooled

incidence rate (y-axis) and according to OAC
proportion within studies (x-axis) in
paroxysmal (Panel A) and non-paroxysmal
(Panel B) AF. Abbreviations: OAC, oral
anticoagulation; non-PxAF, non-paroxysmal
AF; PxAF, paroxysmal AF.

TABLE 2 Pooled estimates incidence according to OAC

OAC, % PxAF, % Persistent/Permanent AF, %

0 2.5 (1.5-3.5) 3.7 (3.1-4.3)

25–75 1.8 (1.3-2.4) 2.8 (2.2-3.5)

75–100 1.2 (0.8-1.5) 1.4 (1.4-2.0)

Abbreviations: AF, atrial fibrillation; OAC, oral anticoagulation; pxAF, par-
oxysmal atrial fibrillation.
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In parallel, the availability of non-VKA oral anticoagulants

(NOACs)5 has extended the potential net clinical benefit threshold

of OAC therapy down to subjects with CHA2DS2-VASc score 1.27

In a recent analysis of nonanticoagulated AF patients, yearly ische-

mic stroke rates were 2.1%, 3.0%, and 4.2% for paroxysmal, per-

sistent, and permanent AF, respectively, with adjusted hazard ratio

of 1.83 for permanent vs paroxysmal and 1.44 for persistent vs

paroxysmal.18 In light of such a difference in the event rates, the

potential role of a risk refinement based on the only AF pattern

would be of pivotal interest particularly in low-risk patients, in

whom the risk-benefit ratio of anticoagulation is less clear. Unfor-

tunately, very few data, if any, are available for this subset of low-

risk patients (eg, no CHADS-VASc score 0 and only 10% with a

CHADS-VASc score 1).

In our meta-analysis, the pooled weighted mean CHADS2 score

(available in 5 out of 18 studies only) was 2.16 and 2.45 in pxAF and

non-pxAF patients, respectively, potentially raising concerns about the

generalizability of our findings to the whole AF population. Neverthe-

less, sensitivity analysis with adjusted outcome from 9 studies con-

firmed main observation. Moreover, patients with a CHADS-VASc

score ≥1 (deducible by the mean patient age >65) were analyzed, virtu-

ally excluding only patients with CHADS-VASc score 0. In this subset

of PxAF patients, we found a yearly event rate for stroke/SE of 1.7%,

warranting OAC therapy in line with current guidelines.1,2 A nonparox-

ysmal pattern further identifies an increased stroke/SE risk for any

incremental point added to the score but should not be regarded as a

stand-alone stroke risk. Whether this statement applies to younger

patients, age <65 years, without risk factors, remains to be addressed.

As expected, in the present meta-analysis, OAC use dramatically

reduced the incidence of stroke and SE. The rate of TE events

decreased as the proportion of patients on OAC increased, the greater

magnitude of reduction being achieved in non-pxAF patients systemat-

ically treated with OAC. Of note, the residual risk of stroke/SE in antic-

oagulated patients with non-pxAF (1.4%) was significantly lower than

the risk of untreated pxAF patients (2.5%), again emphasizing the mar-

ginal role of the AF pattern in most patients in the decision-making on

antithrombotic therapy. In other words, these data reinforce the con-

cept that it is unacceptable to withhold OAC therapy based only on

the nonparoxysmal pattern of AF.

Recent findings from a subanalysis of the Global Study to Assess

the Safety and Effectiveness of Edoxaban (DU-176b) vs Standard

Practice of Dosing With Warfarin in Patients With Atrial Fibrillation

(ENGAGE AF) trial further confirmed this statement being also sug-

gestive of a greater beneficial effect attained with edoxaban as com-

pared with warfarin, consistently seen across the different AF

pattern populations.28 Remarkably, edoxaban significantly reduced

all-cause death, even in lower-risk patients with pxAF. Unfortu-

nately, data on the potentially diverse impact of VKA and non-VKA

agents were not available for analysis and have not been included in

our study. Yet, overall data from RCTs univocally showed that

NOACs are at least as effective as warfarin regardless of any individ-

ual variables.13,15,17,22

Regrettably, data on major bleeding events were scarce, probably

because of methodological heterogeneity in event definition and study

reports. However, the event rate did not seem to differ among pxAF

and non-pxAF patients. As a whole, these results were consistent with

a net clinical benefit in favor of OAC throughout the analyzed patient

population of >200 000 patient-years. Confidently assuming a compa-

rable major bleeding event rate in pxAF and non-pxAF, also drawing

from confirmatory data from a recent RCT,28 it could be inferred that,

when engaged in decision-making, physicians might be more keen on

prescribing OAC by means of NOACs in patients at lower risk of TE

events, such as non-pxAF subjects, given the extensively shown lower

intrinsic major bleeding risk of NOACs.13,15,17,22 Nevertheless, there

were insufficient data to assess the bleeding risk in most of the studies

included in the meta-analysis so that no HAS-BLED score could be cal-

culated, and speculations on a more favorable net clinical benefit of

NOACs, especially in non-pxAF, despite being highly plausible, are

hypotheses-generating only.

4.1 | Study limitations

We acknowledge several limitations to the present meta-analysis.

First, a general operative definition of “paroxysmal” is likely to cover

many phenotypes of pxAF, with respect to episode duration, number,

and overall arrhythmic burden. As a consequence, different subtypes

of pxAF have been necessarily included and studied as a whole in the

present meta-analysis (still, we do not foresee this as a factor poten-

tially jeopardizing the consistency of our results, but rather as a sub-

ject for future studies). Reasonably enough, the potential clinical

meaning of an episode of AF lasting 30 seconds and an episode last-

ing 24 hours is different.

Second, the revision of the available studies highlighted

unmatched, and often unbalanced, distribution of factors implicated

in the genesis of TE risk (eg, diabetes, hypertension, age, prior stroke).

Future individual patient meta-analysis may try to address this issue.

Otherwise direct matched comparison appears by now unfeasible in

patients without anticoagulation. Our aim was then to understand

the entity of TE with the available unrepeatable data. Selected stud-

ies showed good quality with risk factors adequately reported. This

may allow the reader to put the results in the correct context.

5 | CONCLUSION

Our results have an important implication for clinical practice. Several

reports highlighted that pxAF is one of the main factors precluding

OAC prescription in clinical practice.29 Current guidelines discourage

this practice.1,2 Our pooled large analysis confirms that even if some

difference exists between paroxysmal and persistent/permanent AF,

it should be considered clinically negligible, at least in intermediate-

to high-risk subjects. Indeed, our analysis highlighted that OAC con-

sistently halves the embolic events rate across any type of AF. As a

whole, these data provide the evidence to warrant OAC irrespective

of the AF pattern in most (virtually all) patients.
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