
Introduction

The incidence of atrial fibrillation (AF) has in-
creased over the past several decades and is pro-
jected to continue its growth in the future as the 
population ages and risk factors for AF become 
more prevalent.1 It is well established that the pres-
ence of AF is associated with an almost five-fold 
increased risk of stroke.2 However, the precise role 
that AF plays in raising the risk of stroke is less 
well understood. Is AF merely a marker for other 
disease processes which predispose a patient to an 
increased risk of stroke or does a patients risk of 
stroke increase primarily during and shortly fol-
lowing the occurrence of AF? If a temporal rela-
tionship between AF and stroke does exist, it may 
be possible to improve stroke prevention strate-
gies by determining when patients might benefit 

most from oral anticoagulation. In this review 
article, we will present some of the early clinical 
trials and their limitations, explore the current 
landscape of studies which have incorporated 
more sophisticated monitoring of AF, and discuss 
potential future directions for clinical research on 
this important topic.

Early Efforts

As early as 1983, Wolf and colleagues asserted 
that the "onset of AF is clearly temporally related 
to imminence of stroke".3 This was based on their 
finding from the Framingham study that nearly 
one-quarter of AF-related stroke patients were in 
AF at the time of stroke onset. Other studies have 
also confirmed that AF is frequently diagnosed for 
the first time upon presentation for stroke4. If we 
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expand the definition of “temporally related” to 
also include AF episodes that occur shortly prior 
to the stroke (e.g., within 30 days), this proportion 
of strokes occurring near periods of AF will obvi-
ously increase. Furthermore, it is estimated that 
up to 40% of ischemic strokes have an undeter-
mined cause (i.e., cryptogenic) and many of these 
could be caused by undiagnosed, intermittent 
AF.5 Since stroke recurrences in the next 6 months 
are more than twice as likely if the first stroke was 
associated with AF3, it is important to accurately 
discern the presence of AF in order for appropri-
ate therapy to be administered.

Oral anticoagulation is a highly effective therapy 
which can reduce the risk of AF-related stroke 
by more than 60% relative to placebo in high risk 
patients.6 However, oral anticoagulation use is 
also associated with an increased risk of bleeding 
complications. Therefore it is important that the 
use of these therapies be limited to AF patients 
with additional stroke risk factors in whom the 
stroke reduction benefits outweigh the bleeding 
risks. These additional stroke risk factors include 
congestive heart failure, hypertension, age over 
75 years, diabetes, and a prior stroke or transient 
ischemic attack (TIA), forming the basis of the 
well-established CHADS2 score.7 In the CHADS2 
scheme, one point is assigned for each risk fac-
tor with the exception of prior stroke/TIA which 
is assigned two points.It has been shown that the 
risk of stroke increases monotonically as the score 
becomes elevated. More recently, the CHA2DS2-
VASc score has been proposed and includes ad-
ditional risk factors for vascular disease, female 
gender, and age between 65-74 years.8

In the Framingham era, the tools available for 
monitoring AF were largely limited to patient 
symptoms and intermittent in-office screening us-
ing external recordings. These rudimentary tools 
allowed AF to be classified as paroxysmal (self-
terminating episodes lasting less than 7 days), 
persistent (episodes lasting longer than 7 days or 
requiring termination via cardioversion),or per-
manent (when attempts at restoring sinus rhythm 
are unsuccessful or have been abandoned).9 There 
is some debate as to whether the risk of stroke is 
the same for patients with paroxysmal vs. persis-
tent or permanent forms of AF.An early study from 
Hart et al. suggested that the risk was similar.10  
However, it is important to consider how parox-

ysmal (or intermittent) AF was defined in that 
study.Their definition of paroxysmal AF meant 
that sinus rhythm was documented at some point 
in the 3-12 months prior to study entry. It is likely 
that paroxysmal AF patients in that study had a 
very high burden of AF and were quite different 
from patients in whom AF is only discovered via 
more aggressive monitoring techniques. The au-
thors also acknowledge that they were unable to 
accurately determine the frequency and duration 
of AF episodes in this study. 

In a more recent analysis from the Stockholm Co-
hort of Atrial Fibrillation, Friberg showed that the 
rates of ischemic stroke were significantly higher 
in non-anticoagulated patients with permanent 
compared to paroxysmal AF (defined as episodes 
which terminate spontaneously within 7 days and 
most often within 24 hours).11  This study suggests 
that the type or amount of AF may matter in deter-
mining a patient's risk of stroke. However to more 
fully appreciate the complex temporal relation-
ship between AF and stroke, AF must be quanti-
fied more precisely than afforded by assignment 
to one of three possible classifications. 

These AF classifications, while helpful, are limited 
by being based on incomplete information. Sever-
al studies have shown that patient symptoms are 
not a reliable surrogate for AF recurrence. Page et 
al. showed that for every episode of symptomatic 
paroxysmal AF, patients were likely to experience 
12 episodes of asymptomatic AF.12 A later study 
with implantable pacemakers confirmed that ap-
proximately 94% of stored atrial tachycardia/
AF (AT/AF) episodes were asymptomatic.13 This 
study and others further demonstrated that symp-
toms believed by the patient to be caused by AF 
actually correlated with atrial tachyarrhythmia 
episodes in approximately only 20% of cases.13,14 
Thus patients frequently do not realize when they 
are having AF and when they believe they are in 
AF, they are very often incorrect. Consequently, 
external monitors have been used to both search 
for asymptomatic AF as well as corroborate the 
presence of AF when the patient complains of 
symptoms. 

These external monitoring systems are useful but 
suffer from several major limitations.One inher-
ent limitation is the use of intermittent recordings 
to monitor for the presence of a disease which can 
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also be intermittent.It has been well established 
that intermittent monitoring is highly inaccurate 
for identifying the presence of AF in patients with 
paroxysmal AF.15 For example, performing quar-
terly 24-hour Holter monitors over the course of 
a year is likely to identify only about half of the 
patients who actually have AF. Increasing the fre-
quency or duration of monitoring sessions will im-
prove the sensitivity to detecting AF but comes at 
the cost of decreased patient compliance. Even in 
the context of a clinical trial, it has been shown that 
the average compliance rate with more aggressive 
external monitoring regimens was only 42%.16 In 
an elegant analysis, Charitos et al. illustrated that 
it is difficult to conclude with high certainty from 
a series of negative intermittent rhythm examina-
tions that the burden of AF is low.17 For example, 
a series of four negative 24-hour Holter monitors 
performed at random only provides 90% confi-
dence that a patient's AF burden is below 24% (an 
average of almost 6 hours per day).

Consequently, accurate assessments of the tem-
poral relationship between AF and stroke will be 
severely hampered if the measurement of AF is 
imprecise.  

Current Status

The advent of implantable cardiac rhythm devices 
such as pacemakers, implantable cardioverter de-
fibrillators (ICDs), and cardiac resynchronization 
therapy (CRT) devices introduced the unique op-
portunity to continuously monitor arrhythmias 
such as AT/AF for prolonged periods of time. 
These devices have been shown to accurately 
detect the presence of AT/AF and quantify the 
amount of AT/AF in patients who are indicated for 
cardiac rhythm devices.18,19 Examples of the diag-
nostics available from these implantable devices 
are shown in Figure 1 and include a) the percent-
age of time spent in AT/AF (i.e., AT/AF burden), b) 
daily trends of AT/AF recurrences, c) time of day 
of episode initiation, and d) histogram of episode 
duration.

Device diagnostics from implantable devices have 
been used to quantify the treatment effects of both 
non-pharmacologic and pharmacologic therapies. 
In their seminal paper, Martinek et al. described 
the use of continuous monitoring via pacemakers 

to quantify the effect of pulmonary vein isolation 
on AT/AF burden and temporal recurrence.20  More 
recently, the PASCAL study utilized implantable 
pacemakers to both demonstrate a dose response 
and quantify the AT/AF burden reduction ob-
served during the trial of a new antiarrhythmic 
drug.21 The monitoring capabilities of these de-
vices have also been used in recent years to more 
precisely understand the relationship between AF 
and stroke. 

One of the first studies to exploit the diagnostic 
features of implantable devices was a sub-analy-
sis of the MOde Selection Trial (MOST).22 In this 
sub-study, the presence of atrial high rate episodes 
(AHRE) from 312 pacemaker patients was corre-
lated with clinical outcomes. The investigators 
found that the presence of any AHRE (>5 min-
utes in duration) was an independent predictor 
of death or non-fatal stroke with a hazard ratio of 
2.79 [1.51, 5.15], p=0.0011. Due to technical limita-
tions of the devices employed in this early study, it 
was not possible to report or analyze the duration 
of AHRE with greater precision. Furthermore, the 
composite endpoint of death or non-fatal stroke 
was dominated by death (n=44) rather than stroke 
(n=10). However, this study was critical in bring-
ing the issue of device-detected AHRE and stroke 
risk to our attention. 

Subsequently, the Italian AT500 Registry Investi-
gators reported data from 725 patients with pace-
makers having specialized atrial arrhythmia di-
agnostic capabilities.23 After adjusting for known 
risk factors, they found that patients with device-
detected AT/AF episodes >24 hours in duration 
had an increased risk of embolism with a hazard 
ratio of 3.1 [1.1, 10.5], p=0.44. As with the MOST 
sub-analysis, this study reported on an association 
between device-detected atrial arrhythmias and 
stroke but did not fully explore the temporal rela-
tionship between them. 

The TRENDS trial analyzed data from 2486 pa-
tients with pacemakers, ICDs, or CRT devices.24  

In this study, 30-day rolling windows were evalu-
ated for the presence of AT/AF.The day with maxi-
mal AT/AF burden was tabulated within each 30-
day window and categorized as high burden (≥5.5 
hours of AT/AF), low burden (<5.5 hours of AT/
AF), or no burden. In order to maximize statisti-
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Figure 1: Examples of Atrial Tachyarrhythmia/Atrial Fibrillation (AT/AF) Diagnostics Available in Implantable Devices
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and patients were classified as either having sub-
clinical atrial tachyarrhythmias of at least 6 min-
utes in duration (10% of patients) or not (90% of 
patients). Patients remained fixed in these catego-
ries for the remainder of the trial (mean follow-up 
duration = 2.5 years) even if atrial tachyarrhyth-
mias were subsequently detected in those with-
out early episodes. Patients classified as having 
subclinical atrial tachyarrhythmias in the ini-
tial 3 months had an increased risk of ischemic 
stroke or systemic embolism with a hazard ratio 
of 2.49 [1.28, 4.85], p=0.007. However, there was 
no requirement for the atrial arrhythmia and the 
ischemic event to be temporally related. In fact, 
a patient could have a single AT/AF episode de-
tected during the first month and then have no 
further episodes for the duration of the trial. If 
this patient had a stroke at month 30, it would 
have been considered to be associated with that 
much earlier arrhythmic episode. Conversely, a 
different patient might not have had any AT/AF 
episodes in the first 3 months but could have had 
many long episodes in month 4 which were fol-
lowed almost immediately by a stroke and this 
event would not be considered to be associated 
with the arrhythmia. In addition, more than twice 
as many patients (24%) were discovered to have 
subclinical AT/AF episodes occurring only after 
the initial 3 month categorization period than 
during this initial 3 month period (10%) yet these 
patients were included in the no AT/AF group 
for analysis. The 3 month categorization period 
likely served the effective purpose of stratify-
ing those patients with a high burden of AT/AF 
from those patients with a low or no burden of 
AT/AF. As shown in prior studies, patients who 
are most likely to be identified during relatively 
brief periods of monitoring are those patients 
with the greatest arrhythmic burden.15  Indeed, in 
a secondary analysis of the ASSERT data which 
included all device-detected episodes over the 
entire follow-up period, the investigators found 
that the annualized rate of stroke or systemic em-
bolism was greatest in patients having episode 
durations in the longest quartile. Thus while the 
ASSERT study was instrumental in furthering 
our understanding of the relationship between 
subclinical AT/AF and stroke in patients without 
a prior history of AF, the published results to date 
have added relatively little to our knowledge re-
garding the temporal aspects of AF and stroke. 
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cal power, the cut-off between the high and low 
burden subgroups was selected as the median of 
the maximum day of burden among those 30-day 
windows with any AT/AF. The annualized risk of 
thromboembolism (stroke, TIA, and systemic em-
bolism) was 2.4% for the high burden subgroup 
and 1.1% for both the low burden and no burden 
subgroups.Compared to the no burden subgroup, 
the adjusted hazard ratios for thromboembolism 
were 0.98 [0.34, 2.82], p=0.97 in the low burden 
subgroup and 2.20 [0.96, 5.05], p=0.06 in the high 
burden subgroup.By using a time-varying expo-
sure which was updated daily, this represented 
one of the first attempts to more fully understand 
the temporal relationship between AF and stroke 
in patients with long-term continuous arrhythmia 
monitoring. 

Using similar techniques, Shanmugam et al. pro-
spectively analyzed data from 560 heart failure 
patients with CRT devices.25 The median value 
of daily AHRE burden among those with AHRE 
was 3.8 hours, resulting in three population sub-
sets: zero AHRE burden, low AHRE burden (<3.8 
hours), and high AHRE burden (≥3.8 hours). After 
adjusting for known stroke risk factors, the high 
AHRE burden group was independently associ-
ated with thromboembolic events compared to 
the zero burden group with a hazard ratio of 9.4 
[1.8-47.0], p=0.006. They also reported that 73% of 
patients did not exhibit a temporal association be-
tween their AHRE and the thromboembolic event. 
However, their definition of “temporal associa-
tion” required that the patient be in an atrial ar-
rhythmia at the time of thromboembolism diagno-
sis. This strict definition precludes the possibility 
that a patient could have had a long AHRE which 
terminated shortly before the onset of stroke 
symptoms or prior to presentation at the clinic. 
One could argue that such a scenario should be 
treated as temporally related, especially since the 
spontaneous conversion from AF to sinus rhythm 
may be an important factor in precipitating some 
thromboembolic events.26 

The ASSERT trial enrolled 2580 patients who were 
≥65 years old with hypertension and no history of 
AF.27 The vast majority of patients (95%) had re-
cently been implanted with a pacemaker while the 
remaining 5% received an ICD. During the first 3 
months of the study,  device data was analyzed 
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Perhaps the study which most directly addressed 
the issue of a temporal relationship between AF 
and stroke was a recent sub-analysis from the 
TRENDS trial.28 In this post-hoc analysis, Daoud et 
al. leveraged the extensive diagnostic capabilities 
of the implantable devices. Among the 40 patients 
who experienced a thromboembolic event and had 
at least 30 days of device data available prior to the 
event, exactly half (n=20) had at least one episode 

of AT/AF detected prior to the event (Figure 2). 
Among these 20 patients, 6 were in AT/AF at the 
time of thromboembolism diagnosis and another 
5 had episodes of AT/AF detected within the 30 
days prior to the event. Thus, the majority (11/20 
or 55%) of patients who experienced device-
documented AT/AF prior to their thromboem-
bolic event had AT/AF episodes within temporal 
proximity of the event.While the other half of pa-
tients (n=20) did not have any episodes of AT/AF 

 www.jafib.com                                                     77                         Feb-Mar, 2013 | Vol 5 | Issue 5                           

Journal of Atrial Fibrillation                                                                    Featured Review

Figure 2:  Full Disclosure of Atrial Tachyarrhythmia/Atrial Fibrillation (AT/AF) Recurrences Relative to Thromboembolic Events 
[denoted by Red Line(s)]



detected prior to the thromboembolic event, it is 
important to note that the duration of pre-event 
monitoring was significantly shorter in these pa-
tients without AT/AF detected prior (251±221 
days) compared to those patients with AT/AF 
detected prior (485±273 days). In fact, 35% of pa-
tients (7/20) without AT/AF detected by the device 
prior to their thromboembolism had ≤90 days of 
device data available. In the TRENDS study, the 
minimum duration of AT/AF was required to be at 
least 5 minutes as this duration has been shown to 
reduce the likelihood of erroneous detection.29 It is 
noteworthy however that 6 of the 20 patients (30%) 
who did not meet this threshold for device-detect-
ed AT/AF prior to the event did have shorter epi-
sodes of AT/AF recorded by the device prior to the 
event. Furthermore, 7 thromboembolism patients 
had a prior history of AF but no episodes longer 
than 5 minutes documented by the device prior to 
the event. Taken together, the TRENDS trial sug-
gests that multiple mechanisms are responsible for 
thromboembolism among patients with implant-
able devices and AF has a prominent role in a sig-
nificant proportion of them. However, since this 
study included a mixture of patients both with and 
without a prior history of atrial tachyarrhythmias, 
it is difficult to directly compare the percentage of 
thromboembolic events that were temporally as-
sociated with AF to that reported in other studies. 

The ongoing IMPACT study30 may help to address 
whether stroke prevention treatments can be safe-
ly started and stopped in patients when guided by 
the continuous arrhythmia monitoring features 
in their ICD or CRT device. The criteria for both 
initiation and interruption of oral anticoagulation 
are based on a combination of CHADS2 scores and 

the duration of AT/AF recorded over a consecu-
tive 2 day period (Table 1). This is an important 
study because it will address whether it is safe to 
discontinue oral anticoagulation in high risk pa-
tients who have been free of AT/AF episodes for 
prolonged periods of time.One could infer that if 
AF must be temporally related in order to increase 
stroke risk, this study should be successful. How-
ever, if AF is merely a marker for increased risk of 
ischemic stroke, it may not be prudent to discon-
tinue oral anticoagulation at any time following 
diagnosis of the arrhythmia. 

The aforementioned device-based studies have 
several characteristics in common which have lim-
ited our ability to fully appreciate the multifacet-
ed temporal relationship between AF and stroke. 
First, the number of stroke events in these trials 
has been very low. Even the two largest completed 
trials (TRENDS which enrolled 3045 patients and 
ASSERT which enrolled 2580 patients) each re-
ported a total of only 51 ischemic events. Pooling 
data across different trials is difficult due to dif-
ferences in inclusion criteria, clinical endpoints, 
and device capabilities/programming (Table 2). A 
second factor is that each of these previous stud-
ies with continuous arrhythmia monitoring has 
been limited to populations with a clinical indica-
tion for a pacemaker, ICD, or CRT device. While 
many of these patients do happen to also have AF, 
only a small percentage of the overall AF popula-
tion is indicated for one of these types of devices. 
Thus patients who are most representative of the 
broader AF population remain unstudied from the 
perspective of comprehensive AF monitoring. 

Future Directions
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Table 1 Criteria for Oral Anticoagulation Initiation and Interruption in the IMPACT Study

Initiation Criteria Interruption Criteria

AHRE Duration
(over 48 consecutive hours)

Consecutive days
free from AHRE

CHADS2 Score

1 and 2 48 hours 30 days
3 and 4 24 hours 90 days
5 and 6 or any prior stroke/TIA ≤12 hours Do not discontinue

ARHE = Atrial high rate episode, TIA = Transient ischemic attack 	
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There are several reasons why patients with im-
plantable cardiac rhythm devices may not be rep-
resentative of the broader AF population. One 
reason is that these patients tend to be sicker and 
have more co-morbidities. Consequently, their 
risk of stroke may be different compared to non-
device patients with similar AF burden profiles 
due to the presence of these additional risk fac-
tors. Secondly, some studies have reported a sig-
nificantly higher incidence of cerebral ischemic 
events among patients receiving high amounts of 
ventricular pacing.31 In contrast, some have specu-
lated that atrial pacing may be cardio-protective 
by increasing the left atrial appendage emptying 
velocity. In either case, the device which is being 
used for arrhythmia monitoring also has the abil-
ity to perturb the cardiac system by delivering 
pacing therapy.Therefore, the ideal clinical study 
to assess the temporal relationship between AF 
and stroke might incorporate a monitoring device 
which fulfills the following requirements:

1. Capable of full disclosure arrhythmia monitor-
ing over long periods of time (i.e., years)
2. Presents minimal patient compliance concerns
3. Does not perturb the system which it is moni-
toring (i.e., no pacing)

4. Able to be used in the broader AF population
Small subcutaneous devices (Figure 3) are now 
available 32 which meet these goals, can accurately 
quantify AF33, and may facilitate additional re-
search into this broader AF population. Several 
ongoing or planned studies have incorporated 
these types of monitoring devices to investigate 
the relationship between AF and stroke. In the area 
of secondary stroke prevention, the CRYSTAL-AF 
study is being conducted to compare subcutane-
ous monitoring to standard of care monitoring 
for the detection of AF in patients with a recent 
cryptogenic stroke.34 In the area of primary stroke 
prevention, the REVEAL AF35 and ASSERT II36 
trials are being planned to explore the incidence 
of newly diagnosed AF in patients at high risk of 
stroke. These primary prevention studies, in par-
ticular, offer the possibility of providing a new 
view into the temporal relationship between AF 
and stroke in the broader population of „at risk 
patients. External patches capable of monitoring 
arrhythmias for days to weeks at a time have also 
recently become available.37 In order to reliably 
capture arrhythmias prior to an ischemic stroke 
however, it may be necessary to frequently re-ap-
ply new patches as the device memory becomes 
filled. This could potentially have an adverse im-
pact on patient compliance as well as cost. 
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Table 2 Summary of Trials Using Continuous Arrhythmia Monitoring to Correlate AT/AF and Stroke Risk

Study Name Monitoring 
Device Prior AT/AF? AT/AF Burden 

Threshold Endpoint Event Hazard Ratio (C.I.)

MOST Sub-
study22

100% Pace-
maker

Allowed, but not 
required >5 minutes Death or non-fatal stroke 2.79 [1.51,5.15]

Italian AT500 
Registry23

100% Pace-
maker

History of 
symptomatic AT >24 hours Ischemic stroke, TIA, or pe-

ripheral arterial embolism 3.1 [1.1, 10.5]

TRENDS24

TRENDS24
50% Pace-
maker
31% ICD
19% CRT

Allowed, but not 
required ≥5.5 hours Ischemic stroke, TIA, or 

systemic embolism 2.20 [0.96, 5.05]

Biotronik25 100% CRT Allowed, but not 
required ≥3.8 hours Ischemic stroke, TIA, or pe-

ripheral arterial embolism 9.4 [1.8, 47.0]

ASSERT27
95% Pace-
maker
5% ICD

Excluded ≥6 minutes Ischemic stroke or systemic 
embolism 2.49 [1.28, 4.85]

AT/AF = Atrial tachyarrhythmia/atrial fibrillation, C.I. = Confidence interval, CRT = Cardiac resynchronization therapy, ICD = 
Implantable cardioverter defibrillator, TIA = Transient ischemic attack 	
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There are additional factors which could make it 
difficult to fully assess the temporal relationship 
between AF and stroke. First it must be recog-
nized that only 15- 20% of ischemic strokes are 
caused by AF2,38 although the true value might ac-
tually be somewhat higher due to the presence of 
occult AF. Thus for every 5-6 strokes that occur, 
only one is likely to be attributable to AF.In addi-
tion, even patients with documented AF can have 
strokes caused by other mechanisms such as large 
or small vessel disease. Secondly, while the asso-
ciation between AF and stroke is well established, 
it is important to note that AF does not directly 
cause a stroke. Rather,AF can lead to the forma-
tion of a thrombus which in turn can dislodge and 
actually cause a stroke.We are well aware of when 
a stroke occurs due to the presence of symptoms. 
We now also have the ability to accurately detect 
when AF occurs and quantify its magnitude in pa-
tients who have continuous monitoring devices.
However, less is known about the time-course 
surrounding thrombus formation and particu-
larly thrombus dislodgement, which is essential 
for AF-related stroke. It is likely that many factors 
contribute to thrombus dislodgement and thus 
the temporal relationship between AF and stroke 
is not straight-forward.Both the fact that not all 
strokes are related to AF and that AF may more 
directly govern thrombus formation but not nec-
essarily thrombus dislodgment introduces "noise" 
into our measurement (and thus into our under-
standing) of the temporal relationship between 
AF and stroke. 

To overcome these limitations, more sophisticat-
ed statistical models which consider alternative 
methods of quantifying AF are needed. But what 
is the right metric for quantifying paroxysmal 

AF? Prior studies have used the maximum day 
of AF burden24,25 and the duration of the longest 
episode.23,27 However, there are a variety of other 
metrics which could also be considered, including 
the cumulative AF burden, average AF burden, 
or the number (i.e., frequency) of AF episodes. 
Recently, the metric of AF density has been pro-
posed to describe the temporal aggregation of AF 
burden.17 This raises the question of whether the 
pattern of AF recurrences39 may also have clinical 
value. For example, there are an infinite number 
of ways in which a patient can manifest an aver-
age AF burden of 50% (Figure 4). It is unlikely that 
the stroke risk associated with each of these pos-
sible AF burden recurrence patterns is identical. 
Perhaps a certain amount of AF is required for 
thrombus formation while converting between AF 
and sinus rhythm states increases the likelihood of 
thrombus dislodgement. 

Regardless of the specific AF metric chosen, large 
numbers of stroke events will be required to per-
mit this sort of modeling. Given that strokes are 
relatively infrequent and the rates have been de-
creasing over time,40 this would require enormous 
sample sizes if conducted prospectively.Since 
the primary requirement for such an analysis is 
to have accurate knowledge of the temporal dis-
tribution of AF prior to a stroke, a large registry 
study among patients with existing implantable 
monitoring devices may be more practical. 

Conclusions

The introduction of implantable devices with con-
tinuous monitoring capabilities has dramatically 
expanded our view into the complex relationship 
between atrial fibrillation and ischemic stroke. It 
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Figure 3:  Example of a Subcutaneous Arrhythmia Monitoring Device
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is becoming clear from recent studies with im-
plantable devices that the amount of AF does 
impact the risk of stroke and that even a modest 
amount of AF can increase this risk.Less is un-
derstood about the temporal connection between 
AF and stroke for a variety of reasons. Due to the 
relatively low rate of clinical events, large clinical 
trials or registries will be required to better char-
acterize this relationship and determine if stroke 
risk is transiently increased during or near peri-
ods of AF. Alternative metrics for quantifying AF 
recurrences also need to be explored. Until larger 
trials or registries are conducted, it is important 
to follow established guidelines regarding anti-
coagulation.
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