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Aims Thromboembolic risk stratification schemes and clinical guidelines for atrial fibrillation (AF) regard risk as independent

of classification into paroxysmal (PAF) and non-paroxysmal atrial fibrillation (NPAF). The aim of the current study was

to conduct a systematic review evaluating the impact of AF type on thromboembolism, bleeding, and mortality.

Methods and

results

PubMed was searched through 27 November 2014 for randomized controlled trials, cohort studies, and case series

reporting prospectively collected clinical outcomes stratified by AF type. The incidence of thromboembolism, mortal-

ity, and bleeding was extracted. Atrial fibrillation clinical outcome data were extracted from 12 studies containing

99 996 patients. The unadjusted risk ratio (RR) for thromboembolism in NPAF vs. PAF was 1.355 (95% CI: 1.169–

1.571, P, 0.001). In the study subset off oral anticoagulation, unadjusted RR was 1.689 (95% CI: 1.151–2.480,

P ¼ 0.007). The overall multivariable adjusted hazard ratio (HR) for thromboembolism was 1.384 (95% CI: 1.191–

1.608, P, 0.001). The overall unadjusted RR for all-cause mortality was 1.462 (95% CI: 1.255–1.703, P, 0.001). Multi-

variable adjusted HR for all-cause mortality was 1.217 (95%CI: 1.085–1.365, P, 0.001). Rates of bleeding were similar,

with unadjusted RR 1.00 (95% CI: 0.919–1.087, P ¼ 0.994) and adjusted HR 1.025 (95% CI: 0.898–1.170, P ¼ 0.715).

Conclusion Non-paroxysmal atrial fibrillation is associated with a highly significant increase in thromboembolism and death. These

data suggest the need for new therapies to prevent AF progression and further studies to explore the integration of AF

type into models of thromboembolic risk.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Atrial fibrillation † Stroke † Thromboembolism † Systematic review † Meta-analysis

Clinical perspective
Atrial fibrillation (AF) is currently classified by the duration and frequency of AF episodes into paroxysmal and non-paroxysmal AF. The

current study suggests that non-paroxysmal AF may be associated with an increased risk of stroke and mortality. Atrial fibrillation type may

therefore need to be considered in decision making for oral anticoagulation in AF patients and the overall management of AF patients.

Clincal outlook 1

Future investigations to understand the role of AF type in decision-making for oral anticoagulation in AF patients will be needed.

Clinical outlook 2

New therapies to prevent AF progression may be important to improve the survival of AF patients.
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Introduction

Atrial fibrillation (AF) is associated with an increased risk of stroke

and death.1,2 At present, the prevailing paradigm is that the risk of

stroke in AF patients is independent of patient classification into par-

oxysmal (PAF) and non-paroxysmal forms of AF (NPAF).3–8 Stroke

risk stratification in AF is therefore based around the concept that

embolic risk is driven by patient-level risk factors rather than AF

type.9,10

To a large extent, this paradigm has been based on historical evi-

dence demonstrating relative risk equivalence for stroke in between

PAF and NPAF.11,12 To date, no published stroke risk stratification

model in AF patients has included AF type.6,13 The consensus of PAF

and NPAF stroke risk equivalence is reflected in clinical guidelines

that explicitly recommend that decisions regarding oral anticoagula-

tion (OAC) be made independently of classification into PAF or

NPAF.3,4

Although previous systematic reviews have examined risk factors

for stroke in AF,9,10,14 to our knowledge, no systematic review has

specifically investigated the role of AF type as a risk factor for

thromboembolism, mortality, and bleeding. Recently, the body of

evidence examining the impact of AF type on stroke risk has signifi-

cantly expanded, with a series of studies exploring this issue.15–19 In

the context of this new information, we sought to re-evaluate the

paradigm of stroke risk equivalence between PAF and NPAF, and

the impact of AF type on mortality and bleeding risk. We therefore

undertook a systematic literature review and meta-analysis of stud-

ies of prospectively collected clinical data examining the clinical out-

comes in AF patients with outcome data stratified by AF type.

Methods

Study search, inclusion/exclusion criteria, and
data extraction
We conducted a systematic search of PubMed to identify randomized

controlled trials (RCTs), cohort studies, and case series data in which

prospectively collected clinical outcome data were stratified by AF

type. No specifications were placed on interventions originally evalu-

ated in included reports. The incidence of thromboembolism, mortality,

and bleeding was extracted.

In studies utilizing definitions of AF type other than in the American

Heart Association (AHA)/American College of Cardiology (ACC)/

Heart Rhythm Society (HRS) guidelines, AF types were matched with

the closest contemporary definition. The term ‘sustained’ or ‘constant’

AF was grouped with NPAF. The term ‘intermittent’ AF was grouped

with PAF.

The exclusion criteria for the primary analysis included articles failing

to report outcomes stratified by AF type, and articles on topics other

than AF outcomes. Review articles, commentary, conference papers,

and case reports were excluded. Studies reporting outcomes in retro-

spectively collected data were excluded from the primary analysis, but a

separate secondary analysis of these data was undertaken.

The study protocol was registered in PROSPERO (CRD42015

017575). The search was conducted with a research librarian, with

the search grid outlined in the Supplementary material online. The data-

base was accessed on 27 November 2014. Two authors (A.N.G. and

T.H.) reviewed titles and abstracts. Reference lists of retrieved articles

were also studied to ascertain any additional relevant studies. Figure 1

shows the number and reasons for exclusion of publications. Study qual-

ity was assessed with a modified Newcastle–Ottawa scale (Supplemen-

tary material online). The study complies with the Declaration of

Helsinki.

Statistical analysis
Statistical analysis was performed with Comprehensive Meta-Analysis 2

(Biostat, Englewood, NJ, USA). Risk ratios (RRs) were computed for di-

chotomous variables. For adjusted hazard ratios (HRs), pooled esti-

mates were calculated from multivariable HRs. For two articles,

confidence intervals were re-calculated due to asymmetry of the log

values of the published upper and lower confidence intervals.20 Mean

or median follow-up data were used to estimate effect sizes where

data were provided in the form of event rates. The I2 statistic was

used as a measure of variability in observed effect estimates attributable

to between-study heterogeneity.21 For variables exhibiting mild hetero-

geneity (I2≤ 25%), pooled estimates were derived with fixed effects

models. For variables exhibiting more than moderate heterogeneity

(I2. 25%), pooled estimates were derived with random-effects

models.22 As an additional analysis, univariate meta-regression for un-

adjusted log-relative risk of thromboembolism in NPAF vs. PAF was

performed utilizing CHADS2 (C, congestive heart failure; H, hyperten-

sion; A, age ≥75 years; D, diabetes mellitus; S2, prior stroke or transient

ischaemic attack or thromboembolism) risk factors as candidate vari-

ables (Supplementary material online).

Results

A total of 6252 citations were retrieved. After initial screening of ab-

stracts and titles on general criteria, 5936 citations were excluded,

and 317 citations were selected for a secondary review. From these

citations, 12 journal articles were identified, referencing 10 pub-

lished RCTs or pooled RCT series and 2 prospective observational

cohort studies.11,12,15–18,23–27

Baseline characteristics of included
studies
The baseline characteristics of included studies are presented in

Tables 1 and 2. A total of 99 996 patients were included from 12

studies. Included studies were published from 1990 to 2015. Sample

size varied from 409 to 21 109 patients. Ten studies included data

from large-scale, prospective, multicentre RCTs. Two studies

were prospectively collected case series. Follow-up varied from 1

to 2.8 years. The mean age of patients varied from 62 to 73 years.

The proportion of female patients varied from 27 to 43%. CHADS2
scores were reported in five studies, and CHA2DS2VASc [C, con-

gestive heart failure or left ventricular systolic dysfunction; H, hyper-

tension; A2, age ≥75 years; D, diabetes mellitus; S2, previous stroke

or transient ischaemic attack or thromboembolism; V, vascular dis-

ease; A, age 65–74 years; Sc, sex category (i.e. female sex)] scores

were reported in two studies.

Impact of atrial fibrillation type
on thromboembolism
Stroke or systemic embolism data were reported in 12 studies re-

presenting 99 996 patients. The pooled unadjusted estimate for

the annualized risk of thromboembolism in NPAF patients was

2.17% per annum (95% CI: 1.81–2.53% per annum). The pooled

A.N. Ganesan et al.1592
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unadjusted estimate for the annualized risk of thromboembolism in

PAF patients was 1.50% per annum (95% CI: 1.23–1.76% per an-

num). The pooled unadjusted RR for thromboembolism in NPAF

patients was 1.355 (95% CI: 1.169–1.571, P, 0.001, Figure 2A).

The variable I2 was moderate at 57.8%. Multivariable adjusted

HRs for thromboembolism were reported in 7 of 12 studies, repre-

senting 58 421 patients (see Supplementary material online for com-

plete table of adjustment covariates, but each of these studies

provided adjusted data for stroke risk factors including age, gender,

hypertension, heart failure, previous thromboembolism, and

Figure 1 Search flow diagram. Search flow diagram for included studies. The study included eight randomized controlled trials and two pro-

spective cohorts, reporting data from 99 996 patients.
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Table 1 Baseline characteristics for included randomized controlled trials

Study name Year Study type Patient

number

(n)

Patient numbers by AF type Inclusion criteria Comparators Oral anticoagulation

(%)

Follow-up

duration
PAF NPAF

AVERROES and

ACTIVE A19

2015 RCT analysis of aspirin

treated patients from

the AVERROES and

ACTIVE A trials

6563 1576 4720

(persistent

1136)

(permanent

3854)

ACTIVE A:

AF with one stroke risk

factor and a

contraindication for

OAC;

AVERROES: AF with one risk

factor for stroke and

patients unsuitable for

warfarin

ACTIVE A:

clopidogrel

plus aspirin

AVERROES:

apixaban vs.

aspirin

All patients in analysis on

aspirin without OAC

ACTIVE A: 18

months;

AVERROES:

20 months

ROCKET-AF18 2014 RCT analysis of patients

from the

ROCKET-AF trial

14 264 2514 11 548

(persistent

11 548)

Non-valvular AF plus high

risk of stroke

Rivaroxaban vs.

warfarin

100 707 days

ARISTOTLE16 2013 RCT analysis of patients

from the ARISTOTLE

trial

18 201 2786 15 412 AF and at least one risk

factor for stroke

Apixaban vs.

warfarin

100 1.8 years

GISSI-AF17 2013 RCT analysis 1234 771 463 ECG-documented

symptomatic AF or

previous cardioversion

Valsartan vs.

placebo

PAF: 24.9%-warfarin

Persistent:

87.26%-warfarin

1 year

RE-LY15 2012 RCT analysis of patients

from the RE-LY trial

18 467 5943 12 164

(persistent

5789)

(permanent

6475)

AF and risk factor for stroke Dabigatran vs.

warfarin

100% 2 years

ENGAGE

AF-TIMI-3826
2013 RCT data from

ENGAGE AF TIMI-48

RCT

21 099 5366 15 733

(persistent

4868)

(permanent

10 865)

AF and risk factors for stroke

(CHADS2≥ 2)

Edoxaban vs.

warfarin

100% 2.8 years

Euro Heart

Survey25
2008 Prospective

observational

4133 1509 2624

(persistent

1109)

(permanent

1515)

Hospitalized or ambulant AF

patients

No comparator Paroxysmal 51%

NPAF

78%

1 year

SPORTIF24 2008 RCT analysis of

SPORTIF III and V

trials

7329 836 6493

(persistent

6493)

Non-valvular AF at

moderate to high risk for

thromboembolism

Ximelagatran vs.

warfarin

100% SPORTIF III: 18

months;

SPORTIF V:

20 months

ACTIVE W12 2007 RCT 6697 1202 5495

(Sustained AF

5495)

AF and at least one risk

factor for stroke

Aspirin plus

clopidogrel vs.

warfarin

PAF: 54.8%

NPAF: 79.8%

1.3 years
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ELAT27 2004 Prospective

observational

409 159

(defined as

intermittent

AF)

250

(defined as

constant AF)

Outpatients with constant or

intermittent AF

No comparator 36% of whole cohort on

OAC; OAC not

stratified by AF type

101 months

SPAF11 2000 RCT analysis of patients

from SPAF trials

treated with aspirin

or aspirin plus

fixed-dose warfarin

2012 460 1552 SPAF I– III trial patients

Documented intermittent

or sustained AF without

mitral stenosis or valve

prostheses

Aspirin vs.

fixed-dose

warfarin

All patients included in

analysis on aspirin

without full-dose

OAC

2 years

BAATAF23 1990 RCT analysis 420 70

(defined as

intermittent

AF)

350

(defined as

sustained AF)

Chronic non-rheumatic

sustained or intermittent

AF

Aspirin vs.

adjusted dose

warfarin

Warfarin or no therapy 2.3 years
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Table 2 Patient characteristics in included studies

Study name CHADS2-NPAF CHADS2-PAF CHA2DS2VASc-NPAF CHA2DS2VASc-PAF Age

(years)

(mean/

median)

Female

(%)

Previous

stroke or

systemic

embolism (%)

Hypertension

(%)

Diabetes

mellitus

(%)

Heart

failure

(%)

AVERROES/ACTIVE A – – 3.47 3.1 69 42 10 87 19 35

ROCKET-AF 3.5 3.5 4.9 4.9 73 40 55 91 40 63

ARISTOTLE 2.1 2 – – 69 35 19 90 35 30

GISSI-AF – – – – 68 39 6 85 15 8

RE-LY 2.15 2.1 – – 72 36 20 79 23 32

ENGAGE AF-TIMI-48 – – – – 72 38 28 93 36 57

Euro Heart Survey – – – – 67 43 12 65 18 36

SPORTIF – – – – 71 31 21 77 24 37

ACTIVE W 2.04 1.79 – – 70 34 17 81 30 17

ELAT – – – – 62 36 23 47 18 32

SPAF – – – – 69 29 8 53 15 19

BAATAF – – – – 68 28 3 51 20 35
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diabetes mellitus). The pooled adjusted HR for thromboembolism

in NPAF patients vs. PAF was 1.384 (95% CI: 1.191–1.608,

P, 0.001, I2¼ 28.841%, Figure 2B).

Impact of atrial fibrillation type
on all-cause mortality
All-cause mortality was reported in six studies representing out-

comes in 45 570 patients. The pooled unadjusted estimate for

annualized mortality rate in NPAF was 3.89% per annum (95%

CI: 3.04–4.74% per annum, P, 0.001). The pooled unadjusted

estimate for annualized mortality rate in PAF was 2.79% per annum

(95% CI: 2.11–3.47% per annum, P, 0.001). The pooled unadjust-

ed relative risk for all-cause mortality in NPAF vs. PAF patients was

1.462 (95% CI: 1.255–1.703, P, 0.001, I2¼ 39.4%, Figure 3A).

Multivariable adjusted mortality data were reported in four studies

representing 41 028 patients (see Supplementary material online for

complete table of adjustment covariates). The pooled adjusted

HR for mortality with NPAF was 1.217 (95% CI: 1.085–1.365,

P, 0.001, I2 ¼ 0.0%, Figure 3B).

Impact of atrial fibrillation type on the risk
of bleeding
Major bleeding data were reported by AF type in seven studies re-

presenting 92 532 patients. The RR for bleeding in NPAF vs. PAF

was 0.986 (95% CI: 0.917–1.060, P ¼ 0.700, I2¼ 3.6%, Figure 4A).

Multivariable adjusted HRs for bleeding were reported in five stud-

ies representing 44 210 patients (see Supplementary material

online for table of adjustment covariates). The pooled adjusted

Figure 2 Stroke or systemic embolism. Stroke and systemic embolism data were reported for non-paroxysmal atrial fibrillation and paroxysmal

atrial fibrillation in 12 studies (n ¼ 99 996 patients). The pooled risk ratio for stroke in non-paroxysmal atrial fibrillation patients was 1.355 (95%

CI: 1.169–1.571, P, 0.001, I2¼ 61.8%) (A). Multivariable adjusted hazard ratios were reported in seven studies (n ¼ 58 421 patients). The pooled

adjusted hazard ratio for thromboembolism in non-paroxysmal atrial fibrillation vs. paroxysmal atrial fibrillation was 1.384 (95% CI: 1.191–1.608,

P, 0.001, I2¼ 28.841%) (B).

A.N. Ganesan et al.1596
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HR for major bleeding was 1.025 (95% CI: 0.898–1.170, P ¼ 0.715,

Figure 4B).

Secondary analyses of unadjusted risk
of stroke or systemic embolism
Secondary analyses were undertaken to explore the key finding of

increased thromboembolic risk in NPAF and identify potential

sources of heterogeneity. We firstly undertook a cumulative ana-

lysis, in which studies were ordered by publication year. It became

clear that a statistically significant increase in NPAF vs. PAF RR

for stroke first became clear after the SPORTIF publication, which

remained consistent as further studies including novel oral anti-

coagulant (NOAC) agents were added (Figure 5A).

To address the issue of standardization of AF type definition, a

subgroup analysis in studies utilizing definitions of AF type after

the AHA/ACC/European Society of Cardiology (ESC) guidelines

of 2006 was included. In this analysis including seven studies with

84 067 patients, the RR of stroke or systemic embolism was 1.334

(95% CI: 1.103–1.614, P ¼ 0.003, Figure 5B).

A subgroup analysis was undertaken to explore the effect of

OAC. Three studies reported data in patients exclusively not on

OAC (SPAF, ACTIVE A/AVERROES analysis, and ACTIVE W). In

these studies, the RR of thromboembolism in NPAF vs. PAF was

1.689 (95% CI: 1.151–2.480, P ¼ 0.007, Figure 5C). Five studies

reported data where all patients received OAC (either warfarin or

NOAC). In these studies, the unadjusted RR of stroke or systemic

embolism in NPAF vs. PAF was 1.274 (95% CI: 1.149–1.414,

P, 0.001, Figure 5D).

Meta-regression
To explore the mechanisms for the unadjusted increased risk of

stroke and thromboembolism in NPAF vs. PAF, exploratory

Figure 3 All-cause mortality. All-cause mortality was reported in six studies (n ¼ 45 570 patients). The pooled unadjusted relative risk for all-

cause mortality in non-paroxysmal atrial fibrillation vs. paroxysmal atrial fibrillation patients was 1.462 (95% CI: 1.255–1.703, P, 0.001,

I2¼ 39.4%) (A). Multivariable adjusted hazard ratios for mortality were reported in four studies (n ¼ 41 028 patients). The pooled adjusted hazard

ratio for mortality with non-paroxysmal atrial fibrillation was 1.217 (95% CI: 1.085–1.365, P, 0.001, I2 ¼ 0.0%) (B).
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univariate meta-regression analysis was undertaken with study-level

candidate variables including age, female gender, hypertension, pre-

vious stroke or systemic thromboembolism, diabetes mellitus, and

heart failure. None of these study-level covariates was a significant

predictor of the increased risk of stroke and systemic embolism

identified in the meta-analysis of unadjusted thromboembolism

data (Supplementary material online). This suggests, at least the

study-level variables, that AF type may be an independent predictor

of stroke or systemic embolism.

Retrospective studies evaluating impact of
atrial fibrillation type on the risk of stroke
or systemic embolism
As a supplementary analysis, we performed a meta-analysis of the

risk of stroke in the 10 studies reporting on retrospective outcome

data relating to AF type and stroke or systemic embolism (Supple-

mentary material online). In these studies, the pooled RR for

stroke or systemic embolism in NPAF patients was 1.456 (95%

CI: 1.137–1.865, P ¼ 0.003, I2¼ 72.4%). When combined with

the prospective studies, the overall pooled RR for stroke or sys-

temic embolism in NPAF patients was 1.335 (95% CI: 1.185–

1.504, P, 0.001, I2¼ 63.4%), consistent with the point estimate

in the primary analysis.

Study quality
Study quality was assessed with a modified Newcastle–Ottawa

scale, with summary information provided in Supplementary mater-

ial online. Study quality in the 12 studies contributing to the primary

analysis was considered overall strong. All studies were from the

representative AF populations. Follow-up duration was adequate

Figure 4 Risk of bleeding. Major bleeding data were reported in 6 of 10 studies representing 62 677 patients. The risk ratio for bleeding in non-

paroxysmal atrial fibrillation vs. paroxysmal atrial fibrillation was 0.986 (95% CI: 0.917–1.060, P ¼ 0.700, I2¼ 3.6%) (A). Multivariable adjusted

hazard ratios for bleeding were reported in five studies representing 44 210 patients. The pooled adjusted hazard ratio for major bleeding was

1.025 (95% CI: 0.898–1.170, P ¼ 0.715) (B).
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Figure 5 Secondary analyses of unadjusted thromboembolic risk data. A cumulative meta-analysis of the unadjusted thromboembolism was

undertaken with studies ordered by year of publication (A). Statistical significance showing increased rates of stroke in non-paroxysmal atrial fib-

rillation vs. paroxysmal atrial fibrillation patients was achieved after the SPORTIF trial. In the subgroup of studies utilizing contemporary definitions

of atrial fibrillation type, the risk ratio of stroke or systemic embolism was 1.334 (95% CI: 1.103–1.614, P ¼ 0.003) (B). In the subgroup of studies

reporting data in patients not on oral anticoagulation, pooled unadjusted risk ratio of stroke or systemic embolism was 1.689 (95% CI: 1.151–

2.480, P ¼ 0.007) (C). In the subgroup of studies where all patients were anticoagulated with either NOACor warfarin, the pooled unadjusted risk

ratio for stroke or systemic embolism was 1.288 (95% CI: 1.100–1.507) (D).

Impact of AF type on thromboembolism, mortality, and bleeding 1599
D

o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/e
u
rh

e
a
rtj/a

rtic
le

/3
7
/2

0
/1

5
9
1
/2

5
7
0
4
7
4
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



in all studies. Outcome assessment involved blinded adjudication in

8 of 10 studies. Outcomes adjusted for baseline covariates were re-

ported in 7 of 10 studies.

Discussion

Temporally based classification of AF into PAF and NPAF has gained

widespread acceptance in clinical practice.3,4 The principal finding of

our study is that NPAF is associated with a significantly increased

risk of thromboembolism and death compared with PAF. This find-

ing was consistently observed in data adjusted for baseline stroke

risk factors. The effect of NPAF and thromboembolic risk was sig-

nificantly larger in studies of patients not on OAC, but remained

present in the subset of studies where all patients were on OAC. In-

creased stroke risk was observed in the subset of studies utilizing

contemporary definitions of AF type published after the AHA/

ACC/ESC guidelines of 2006.

In considering these findings, it should further be noted that AF

type is known to be dynamic. Paroxysmal atrial fibrillation is known

to progress to NPAF in many patients over time.28–30Our study uti-

lized data sets that classified patients at baseline only, which may

have a potentially dilutive effect on the impact of NPAF. Therefore,

the effect size of AF type on thromboembolism and mortality could

potentially be underestimated in this study.

The primary analysis aggregated prospectively collected data in

.99 000 patients. The quality of the included studies was strong,

with most of the data acquired from contemporary representative

AF populations with at least moderate risk of stroke. Included stud-

ies were multicentre, prospectively recruited, with well-defined

outcome assessments and patterns of follow-up, increasing the re-

liability of source data. A separate analysis of retrospectively col-

lected data also identified an increased risk of thromboembolism

in NPAF.

Impact of atrial fibrillation type on the risk
of stroke and systemic thromboembolism
Historically, the risk of thromboembolism has been considered to

be independent of AF type.3,4,11,12 Previous systematic reviews of

risk factors for stroke in AF patients have not identified AF type

as an important prognostic risk factor for thromboembolism.9,10,31

Atrial fibrillation stroke risk prediction models have in general not

included AF type,6–8,13 perhaps because hospitalization/discharge

databases used as derivation and validation cohorts have not in-

cluded data coded by AF type. This consensus of risk equivalence

between AF types is reflected in Class I and IIa recommendations

in current North American3 and European AF4 guidelines. The

data presented in the current study suggest that the current para-

digm of thromboembolic risk equivalence between NPAF and

PAF may need to be re-evaluated. Future studies exploring the im-

pact of integration of AF type in thromboembolic risk models may

be required.

Impact of atrial fibrillation type on the risk
of mortality
Although AF itself is known to be associated with increased mortal-

ity,2,32 the current study represents the largest aggregated AF

patient data set to demonstrate increased mortality in NPAF vs.

PAF patients. Themechanisms by which NPAF patients experienced

increasedmortality were unable to be investigated; however, poten-

tial mechanisms include worsened heart failure,32 or more severe

stroke events,33 or perhaps a higher burden of non-cardiovascular

illness. The association of NPAFwith mortality suggests that preven-

tion of AF progression may potentially not only impact on AF symp-

tom burden or stroke risk, but could also potentially improve

survival.

Atrial fibrillation type—driving force or
risk marker?
A key question is whether the increased risk of thromboembolism

in NPAF occurs as a consequence of an increased prevalence of

clinical co-morbidities, or operates causally as an independent

risk factor. Supporting the notion of AF type as an independent

risk factor, were the pooled adjusted estimates for thrombo-

embolic risk and death. Additionally, no association of AF type

was seen with major bleeding, which would be expected if there

were substantial differences in the distribution of clinical co-

morbidities between NPAF and PAF. The absence of an association

with bleeding supports the hypothesis that the associations of

NPAF with thromboembolism and death may be a specific effect

attributable to AF type.

Limitations
A number of important questions could not be answered in the

study. First, there was insufficient data to analyse the impact of per-

manent vs. persistent AF. Second, although it was clear that NPAF

increases stroke risk, we could not assess whether NPAF-related

excess thromboembolic risk applies uniformly across all levels of

CHADS2/CHA2DS2VASc. Integrating AF type into existing stroke

scoring systems would clearly be most important in the low/

moderate risk group of CHADS2/CHA2DS2VASc of 0–1, as clearly

patients with CHADS2/CHA2DS2VASc ≥2 would be recom-

mended for OAC on the basis of clinical risk factors. Integration

of NPAF into CHADS2/CHA2DS2VASc is of particular salience be-

cause of differences in OAC guidelines between North America

and Europe, where two different approaches are utilized for

CHADS2/CHA2DS2VASc 1 patients.3,4 We could not, however,

in this study assess the number of patients who would be reclassi-

fied with modified stroke scoring systems incorporating NPAF as

an extra risk marker.

Conclusions

Non-paroxysmal atrial fibrillation is associated with a highly signifi-

cant increase in thromboembolism and death. These data suggest

the need for new therapies to prevent AF progression and further

studies to explore the integration of AF type into models of

thromboembolic risk.

Supplementary material

Supplementary material is available at European Heart Journal online.
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A 67-year-old man with persistent atrial fibrillation,

recurrent gastrointestinal bleeding, and recent per-

cutaneous coronary intervention presented for

evaluation of left atrial appendage (LAA) closure.

Pre-procedural TEE revealed an EF of.55%, an in-

tact interatrial septum and no evidence of LAA

thrombus. Pre-procedural CT revealed a vessel

connecting the anterior tip of the LAA to the great

cardiac vein (Panel 1). Intraprocedural LAA angiog-

raphy confirmed the presence of this bridging vein

from the anterior tip of the LAA to the great car-

diac vein.

The advent of percutaneous LAA closure techni-

ques has brought renewed interest in LAA anat-

omy related to thrombosis risk and suitability for

epicardial vs. transseptal closure techniques. Mul-

tiple studies have reported a correlation between

stroke risk and LAA flow velocity and LAA anat-

omy. While LAA anatomy varies, there are no pre-

vious reports of the presence of a bridging vein and

its impact on LAA flow velocity and stroke risk.

Similarly, the impact of an LAA bridging vein on

LAA closure techniques is unknown. Lariat epicar-

dial closure would be anatomically prohibitive

given the location of the bridging vein.While endocardial device closure may successfully occlude the os of the LAA and result in throm-

botic occlusion of the bridging vein, the bridging vein also presents a potential conduit for LAA thrombus to the right atrium. In this case, a

30 mmWATCHMAN device was successfully placed. Transoesophageal echocardiogram at 45 days demonstrated no LAA flow around

the device and the patient was transitioned off warfarin to aspirin and clopidogrel.

Panel (A) Three-dimensional volume rendered reconstruction of the patient’s pre-procedure cardiac computed tomography.

(B) Curved multiplanar reconstruction of the patient’s pre-procedure cardiac computed tomography. (C) Two-dimensional transoeso-

phageal echocardiogram of the pre-procedure left atrial appendage at 4588888. (D) Three-dimensional transoesophageal echocardiogram

short-axis multiplanar reconstruction slices of the left atrial appendage from superior to inferior. (E) Intraprocedure contrast fluoros-

copy of the left atrial appendage. BV, bridging vein; CS, coronary sinus; LA, left atrium; LAA, left atrial appendage; GCV, great cardiac

vein; *, left atrial appendage.

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2015. For permissions please email: journals.permissions@oup.com.
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