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ABSTRACT

Importance Atrial fibrillation (AF) is an established risk
factor for ischaemic stroke. The introduction of continuous
cardiac rhythm monitoring devices has enabled detection
of brief and asymptomatic episodes of AF.

Observations The search yielded 727 studies, 11 of
which met the inclusion criteria. Four studies suggested
a strong temporal association between episodes of AF
and stroke, while seven indicated a weak relationship.
The conflicting nature of the studies may be attributed to
inconsistencies in ischaemic stroke verification (n=5/11),
event rate and power (n=6/11) and lack of controlling

for anticoagulation (n=10/11), mitigating the relationship
between AF episodes and stroke.

Conclusions and relevance The temporal relationship
between AF and stroke still remains unclear due

to varying study methodology, lack of control for
anticoagulation and inconsistent stroke subtyping. Our
review identifies limitations to the current literature and
makes recommendations for future studies assessing
the temporal relationship between AF episodes and
cardioembolic stroke.

INTRODUCTION

Cardiac monitoring technology has granted
clinicians the ability to view a continuous
timeline of heart rhythm over months or
years compared with conventional 12-lead
ECGs and Holter monitors. These devices
vary from pure monitoring devices such as
implantable loop recorders to newer inter-
ventional devices with atrial rhythm sensing
capacity This allows detection of common
deadly arrhythmias such as transient episodes
of atrial fibrillation (AF). The usefulness of
these devices extends beyond simple AF diag-
nosis. We can also examine the timing of
atrial events in relation to thromboembolic
events, particularly thromboembolic stroke
and peripheral embolism." The literature on
this topic is, however contradictory.

It is important to identify whether there
is a strong temporal relationship as it would
strengthen the causality argument of AF,
leading to stroke and imply that stopping the
arrhythmia could reduce stroke risk.

This review aims to examine the evidence
of temporal relationship between AF and
thromboembolic events in population with
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= The association between atrial fibrillation (AF) and
stroke is widely known; however, knowledge on the
temporal relationship is less understood.

WHAT THIS STUDY ADDS

= This review provides new insight into the associ-
ation of AF and stroke by critically appraising the
quality of studies and comparing methodologies to
assess if there is a true temporal relationship.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This review suggests that the temporal relationship
remains unclear and suggests study measures such
as control for anticoagulation, AF burden thresh-
old and AF time that should be implemented for
future research to ensure consistency in research.
Clinicians can then tailor their treatment based
on an individualised risk for AF and occurrence of
stroke.

devices capable of sensing atrial arrhythmias.
We analyse the literature, discuss qualities of
studies needed to elicit a true temporal rela-
tionship and finally outline future directions.

METHODS

Database selection and search strategy

Two investigators (RK and VT) identified
potentially eligible studies in MEDLINE
from January 2011 until 31 August 2021. Key
search concepts involved: atrial arrhythmia,
thromboembolic events, cardiac monitoring
devices and temporal information.

Study selection

Articles were uploaded in Covidence software
and suitability was assessed independently by
the two reviewers using inclusion and exclu-
sion criteria.

Data extraction

Data were extracted on the following prede-
termined criteria, namely: sample size, type of
event (ie, type of stroke and systemic emboli),
number of these events, whether AF history
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2. A positive AF burden (ie, how long AF has to occur be-
fore the patient is considered to have AF on that day).

727 studies

identified from 2 studies identified

from manual search

OvidMedline

}

~ @@

i

Reasons for full-text

11 studies included exclusion

|

18 Wrong study design
5 Wrong outcomes
1 Wrong patient
population
1 Ambiguous data

Figure 1 PRISMA flow diagram of articles selected for
inclusion. PRISMA, Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols.

was excluded or included, monitoring device type and
author findings and conclusions.
Studies were then critically appraised based on prede-
termined criteria:
1. A precise temporal window for relationship (eg, within
5 or 30 days).

3. Reporting and correction for patients using anticoagu-
lation and antiplatelets.
4. The stroke risk of included population using an es-

S tablished risk stratification scheme (eg, CHADS, or
728 non-duplicate 1 duplicate CHA2DS 2—VAS(:) .
records removed 5. How AF episodes were adjudicated.
: " 6. Howthe diagnosis of ischaemic stroke was determined
TR and adjudicated.
728 studies N 692 studies 7. Article described whether any stroke subtyping had
sereened excluded been done (ruling out other causes of embolic stroke,
i for example, patent foramen ovale/carotid disease).
36 full-text studies )
assessed for » 25 studies excluded RESULTS
eligibility

The database search yielded 727 results shown in figure 1
and an additional two studies identified through manual
searching. After title/abstract screening, 36 papers were
assessed for full-text review and a total of 11 studies
were included in the final analysis. One paper was
excluded after extraction due to ambiguous data.” Nine
of the included studies were observational and two were
randomised clinical trials. Patients were included if they
had at least one stroke risk factor such as age > 65, hyper-
tension or a prior stroke. Thromboembolic events of each
study ranged from 6 to 891. A list of the studies appraised
with the study validation criteria is outlined in table 1.

Studies reporting a temporal relationship

Of the 11 studies identified, two were retrospective and
used a case-crossover design using data from a large
database.” * Patients were used as their own control with
days 0-30 prior to the stroke event assigned as the case
period, and days 60-90 used as the control period for

Table 1 Summary of studies appraised study validation criteria
Control for Ischaemic Ischaemic
Temporal AF antiplatelet and Stroke risk AF episode stroke stroke
Authors window burden antithrombotic stratification adjudication adjudication subtyping
Moubarak et al®

Turakhia et al ®

Cuadrado-Godia
etal®

Singer et al*
Dauod et al’
Shanmugam et a/*°
Brambatti et al®
Martin et a/'’

Witt et al®

van Velzen et a/*®
Svendsen et al'?

.Studies adhered to the criteria.
.Studies did not adhere or report variable.
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comparison. AF was defined if a patient experienced an
episode > 5.5hours. The highest OR of stroke was in the
first 5days immediately after AF at 17.4 (95% CI 5.4 to
73.1)* and 5.00 (95% CI 2.62 to 9.55)," respectively. The
risk of AF exposure, however, levelled off after approxi-
mately 10-20 days.

A further two studies used a prospective model for
‘ultra-early monitoring’ and retrospective interrogation
of implanted pacemakers for AF.® In the ‘ultra-early moni-
toring’ study, AF occurred concurrently at the time of
stroke presentation in seven cases, although information
relating to duration and frequency of AF episodes prior
to the stroke was not provided. The second study found
14 cryptogenic stroke events in patients with pacemakers
when patients with known AF or stroke of known origin
were excluded. Six patients were found to have episodes
of AF, almost all within 2 weeks preceding the stroke
event. There was no threshold of AF burden defined in
this study, and the duration of AF for each patient ranged
between 1 min and 65 hours.

Studies reporting a weak or absent temporal relationship
Seven studies reported a weak or absent temporal rela-
tionship between AF and stroke. Three of these examined
whether AF occurred before stroke in a predetermined
time window.”” AF and thromboembolism were consid-
ered temporally related if they occurred within either
30 or 60 days of the thromboembolism. Any atrial event
longer than 25 minor 6min was considered an AF or
atrial-tachycardic episode. In all three studies, atrial
events were detected before stroke in less than 56%" of
stroke patients down to 35%."

The Relationship Between Daily Atrial Tachyarrhythmia
Burden from Implantable Device Diagnostics and Stroke
Risk (TRENDS) was a prospective study that examined the
clinical significance of device-detected atrial arrhythmias.7
The analysis demonstrated that AF burden >5.5hours
doubled the risk of a stroke in a 30-day window. In the
substudy, however, when the AF threshold burden was at
26 min, no temporal relationship was found. 11 throm-
boembolic events exhibited AF within the 30-day window
prior to stroke and 6 AF events occurred concurrently
with the event (s). As many AF episodes were observed
after the stroke, the authors concluded that there was no
temporal relationship.

The Asymptomatic Atrial Fibrillation and Stroke Eval-
uation in Pacemaker Patients and the Atrial Fibrillation
Reduction Atrial Pacing Trial (ASSERT) trial involved
2580 patients.” A key difference between the TRENDS
and ASSERT study was the exclusion of a prior diagnosis
of AF to specifically examine ‘sub-clinical’ AF (SCAF).
This trial also excluded patients using oral anticoagulants
at the beginning of the study unlike TRENDS. The total
number of thromboembolic events in TRENDS was 51,
with 26 showing any SCAF. Only four patients had SCAF
within the 30-day window prior to stroke, constituting
8% of all strokes and only one had AF during the time

of stroke. Again, no strong temporal relationship was
concluded.

A smaller retrospective study involved examining moni-
toring devices of 394 patients without history of AF’
over 2 months. Of the 27 stroke events, 15 experienced
atrial high-rate episodes (likely AF), 10 (37%) of which
occurred within the 2-month time window, 3 (11%)
occurring at time of hospitalisation.

A small number of studies interrogated heart failure
and hypertrophic cardiomyopathy patients with CRT
device implantation. In patients with heart failure and
CRT device implantation, it was concluded that there
was no temporal association between episodes of AF and
stroke.'’

Further studies examined arrhythmia-monitoring-
guided anticoagulation compared with conventional anti-
coagulation when AF was found clinically. Both concluded
that no temporal relationship could be detected as an
almost equal number of patients had AF detected after
the thromboembolic events than before or many strokes
occurred without recording AF episodes.'' 2

A more recent study completed in 2021'* enrolled 6004
high-risk individuals and implanted loop recorders in the
intervention group, whereas the control group received
usual care consisting of annual interviews with a study
nurse and standard contact with the participants’ general
practitioner. Temporal data on the relationship between
AF episode and stroke occurrence were only provided for
the intervention group, with only 17 patients diagnosed
with AF before or on the day of the event, out of a total of
67 thromboembolic events.

Several factors such as duration of AF, threshold for AF
burden and subtyping of strokes varied significantly within
studies. Four studies investigated AF episodes within
a 30-day window” *7® and one within a 60 day window.
Most studies assigned the lowest practicable duration
for AF burden threshold (=5 min or 26 min episodes) to
maintain AF detection sensitivity of approximately 95%."
Subtyping into different stroke aetiologic mechanisms
was only rarely performed. Only one of the reviewed
studies attempted validation of the embolic nature of the
stroke by excluding other sources of stroke with ultra-
sound of the supra-aortic arteries and trans-oesophageal
echocardiograms.® The review found only one study that
controlled for anticoagulation use, interestingly this study
found the presence of a temporal relationship.

DISCUSSION

The presence of a temporal association between atrial
and thromboembolic events remains unclear. However,
many limitations were found in the current literature that
may obscure the relationship between AF episodes and
stroke.

Time window of AF before stroke
Multiple factors contribute to a potential discordance
between timing of AF and stroke. First, atrial stunning
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may persist for days to weeks after cardioversion of AF,'*
which maintains the prothrombotic state despite rever-
sion to sinus rhythm. Furthermore, it is possible that on
resumed sinus rhythm, the now effective atrial contrac-
tion dislodges the thrombus from the atrium, causing a
stroke."”

Justifications for the monitoring window from studies
‘based on the assumption that AF induced cardiac
thrombi >30days are unlikely to embolise and cause
stroke (because of dissolution or fibrosis)’ are less useful
for assessing a temporal correlation as AF can occur tran-
siently before a stroke event while also being a contrib-
uting factor.” Furthermore, the AF episode may simply
have occurred coincidentally at the time of stroke.” "
Without examination of rhythm patterns in the period
preceding the event or a control group, it is difficult to
determine the temporal relationship.

Duration of AF

Episodes of at least 6min appear to be significantly asso-
ciated with increased risk of thromboembolic events in
pacemaker patients without clinical AF.'°However, this
duration may be insufficient for thrombus formation.
Trans-oesophageal echocardiogram of patients with
AF <48hours in duration exhibited thrombus forma-
tion in merely 1.4% of anticoagulated and 4% of non-
anticoagulated patients.'” Short episodes may instead
be examining underlying pathophysiological processes
common to AF and ischaemic stroke.

Diagnosis of stroke and stroke subtyping

Majority of studies poorly validated the diagnosis of
ischaemic stroke or subtyped into different stroke aeti-
ologic mechanisms. In clinical practice, co-occurrence
of multiple sources of stroke is very common, although
some studies reviewed the imaging® to verify the stroke,
many only used administrative coding data or records
of imaging or treatment consistent with stroke.*” "' '* A
recent trial involving patients with subclinical AF lasting
6 min to 24 hours was monitored to assess the risk of stroke
or systemic embolism. Strokes were assessed by experts
and categorised according to mortality, stroke subtype
and transient ischaemic attack with motor deficit, aphasia
or a duration of more than 5min. While the trial assessed
patients with AF and the risk of stroke, it was excluded in
the final analysis due to the use of anticoagulation as a
primary outcome.'®

Other identified issues

One key limitation common to almost all the studies was
their small number of thromboembolic events, making it
difficult to assess whether a true relationship exists.

Oral anticoagulation is commonly prescribed in patients
in whom AF is detected on continuous monitoring, which
may have obscured the temporal relationship between AF
and stroke.

Recommendations for future research
Future prospective studies should include a large number
of well-characterised strokes and stroke subtypes and

diagnose AF episodes from adjudicated or verified rhythm
strips. Additionally, a sufficiently long temporal window
should be assigned to analyse AF episodes prior to the
stroke event. Finally, studies should assign an adequately
high threshold of AF burden to avoid correlating strokes
with incidental or clinically irrelevant AF. Controlling
for oral anticoagulation use, subtherapeutic levels or left
atrial appendage closure will be required. Future studies
could also explore alternate ways to quantify AF rather
than burden, such as episodic density or patterns of daily
AF burden over time."

LIMITATIONS

Devices used in these studies lacked capacity to discern
between atrial tachycardia and true AF. Although some
studies excluded patients with a history of AF or AF at
time of study inclusion, there was very little to no infor-
mation on patients that developed permanent AF during
the observation period.

CONCLUSION

So far, evidence of a temporal relationship between AF
episodes and ischaemic stroke remains mixed. Whether
this is due to a true absence or due to varying study meth-
odology, lack of control for anticoagulation or inconsis-
tent stroke subtyping remains to be established.
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