
 

  

 

Aalborg Universitet

Atrial fibrillation and stroke

Choi, Sylvia E.; Sagris, Dimitrios; Hill, Andrew; Lip, Gregory Y. H.; Abdul-Rahim, Azmil H.

Published in:
Expert Review of Cardiovascular Therapy

DOI (link to publication from Publisher):
10.1080/14779072.2023.2160319

Creative Commons License
CC BY-NC-ND 4.0

Publication date:
2023

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):
Choi, S. E., Sagris, D., Hill, A., Lip, G. Y. H., & Abdul-Rahim, A. H. (2023). Atrial fibrillation and stroke. Expert
Review of Cardiovascular Therapy, 21(1), 35-56. https://doi.org/10.1080/14779072.2023.2160319

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            - Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            - You may not further distribute the material or use it for any profit-making activity or commercial gain
            - You may freely distribute the URL identifying the publication in the public portal -
Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: April 25, 2024

https://doi.org/10.1080/14779072.2023.2160319
https://vbn.aau.dk/en/publications/ff2511bb-76f6-4756-8fc3-46e4e2dfb632
https://doi.org/10.1080/14779072.2023.2160319


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ierk20

Expert Review of Cardiovascular Therapy

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ierk20

Atrial fibrillation and stroke

Sylvia E. Choi, Dimitrios Sagris, Andrew Hill, Gregory Y.H. Lip & Azmil H.
Abdul-Rahim

To cite this article: Sylvia E. Choi, Dimitrios Sagris, Andrew Hill, Gregory Y.H. Lip & Azmil H.
Abdul-Rahim (2023) Atrial fibrillation and stroke, Expert Review of Cardiovascular Therapy, 21:1,
35-56, DOI: 10.1080/14779072.2023.2160319

To link to this article:  https://doi.org/10.1080/14779072.2023.2160319

© 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 08 Jan 2023.

Submit your article to this journal 

Article views: 204

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=ierk20
https://www.tandfonline.com/loi/ierk20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14779072.2023.2160319
https://doi.org/10.1080/14779072.2023.2160319
https://www.tandfonline.com/action/authorSubmission?journalCode=ierk20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ierk20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/14779072.2023.2160319
https://www.tandfonline.com/doi/mlt/10.1080/14779072.2023.2160319
http://crossmark.crossref.org/dialog/?doi=10.1080/14779072.2023.2160319&domain=pdf&date_stamp=2023-01-08
http://crossmark.crossref.org/dialog/?doi=10.1080/14779072.2023.2160319&domain=pdf&date_stamp=2023-01-08


REVIEW

Atrial fibrillation and stroke
Sylvia E. Choia,b, Dimitrios Sagris a,c, Andrew Hill a,d, Gregory Y.H. Lipa,b,e and Azmil H. Abdul-Rahim a,b,d

aLiverpool Centre for Cardiovascular Science at University of Liverpool, Liverpool John Moores University and Liverpool Heart & Chest Hospital, 
Liverpool, UK; bDepartment of Cardiovascular and Metabolic Medicine, Institute of Life Course and Medical Sciences, University of Liverpool, 
Liverpool, UK; cDepartment of Internal Medicine, Faculty of Medicine, School of Health Sciences, University of Thessaly, Larissa, Greece; dStroke 
Division, Department of Medicine for Older People, Whiston Hospital, St Helens and Knowsley Teaching Hospitals NHS Trust, UK; eDepartment of 
Clinical Medicine, Aalborg University, Aalborg, Denmark

ABSTRACT
Introduction: Stroke is one of the leading causes of mortality and morbidity globally. Atrial fibrillation 
(AF) is the most common sustained cardiac arrhythmia. It is set to reach epidemic proportions. AF is 
associated with a five-fold increase in risk of stroke. Strokes caused by AF more often are fatal or result 
in severe disability. Even though the incidence of stroke has been significantly reduced by oral antic-
oagulation, AF is thought to account for a significant proportion of cryptogenic strokes where no 
etiology is identified.
Areas covered: This article reviews the literature related to AF and stroke, pathophysiological insights, 
diagnosis of AF in stroke patients, and its management (Graphical Abstract).
Expert opinion: The pathophysiology of thrombogenesis that links AF and stroke is not well under-
stood and is an area of active research to identify new therapeutic targets to prevent AF and stroke. As 
the nature of AF and stroke is multifaceted, an integrated care approach to managing AF and stroke is 
increasingly essential.
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1. Introduction

Stroke is one of the leading causes of mortality, morbidity, and 
long-term disability worldwide [1]. It is the second highest 
cause of death globally after ischemic heart disease [1]. Atrial 
fibrillation (AF) is the most common cardiac arrhythmia in 
adults increasing the risk of stroke five-fold and represents 
a growing epidemic and public health burden [2]. Of note, 

AF has an estimated prevalence of 1% to 4% in Australia, 
Europe, and the United States [3–9], with a lower prevalence 
(0.49% to 1.9%) in Asian countries [10]. Its prevalence 
increases markedly with age and cardiovascular comorbidities, 
reaching up to 17% among adults aged 80 or older [11,12].

The lifetime risk of developing AF is approximately one in 
four [13,14]. With an aging population and improved 
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management of cardiovascular diseases, the estimated world-
wide prevalence of AF during the next 30 years is projected to 
increase by 66% reaching 62.5 million cases [15]. In the United 
States per se, the prevalence of AF is projected to rise from 
5.1 million in 2000 to 12.1 to 15.9 million by 2050 [16]. The 
estimated prevalence of AF in the European Union in 2010 
was 8.8 million individuals over 55 years and is projected to 
double to 17.9 million by 2060 [17].

AF is the most important cause of cardioembolism, repre-
senting 35% of patients with non-lacunar strokes and 15% to 
24% of all ischemic strokes [18,19]. AF-related ischemic stroke 
is almost twice as likely to be fatal, usually more severe, or 
recurs more frequently than non-AF stroke [20,21]. Oral antic-
oagulation (OAC), comprised of vitamin-K antagonists (VKA) 
and non-vitamin K antagonist oral anticoagulants (NOAC), is 
the treatment of choice, significantly reducing the risk of 
stroke or systemic embolism, as well as mortality [22–26].

Due to patients’ and physicians’ deeper awareness of AF, 
the increasing use of several AF screening modalities, as well 
as improved control of modifiable stroke risk factors, there has 
been a trend toward proportionally higher incidence of cardi-
oembolic strokes, compared to other stroke subtypes [27–30].

Despite an extensive diagnostic work-up during the acute 
or chronic phase of ischemic stroke, the cause of ischemic 
stroke remains unexplained for 20% of patients, termed cryp-
togenic stroke [31,32]. A subgroup of patients with crypto-
genic stroke, in which despite an extensive diagnostic work- 
up, no potential cause is recognized, have what is described as 
embolic stroke of undetermined source (ESUS) [33]. Although 
occult AF and atrial cardiomyopathy may be a potential source 
of embolism in these patients, low-degree atherosclerotic ste-
nosis, patent foramen ovale, left ventricular disease and 
others, may serve as potential embolic sources, which fre-
quently overlap [34]. Due to its dynamic nature, identifying 
occult AF may be challenging in clinical practice, although it 
may be present in a significant proportion of patients present-
ing with cryptogenic stroke [35–37].

2. Pathophysiology of AF in stroke and insights into 
stroke risk

Despite the clear mechanistic association between AF and 
systemic thromboembolism, AF may also represent a marker 
of cardiovascular burden in the continuously aging contem-
porary population [38]. Moreover, stroke may affect the auto-
nomic nervous system [39], which in turn is thought to play a 
role in triggering cardiac arrhythmia, most commonly, AF [40]. 
However, there is a paucity of data to explain the clinically 
important difference between the brief new-onset AF follow-
ing a stroke and the long-standing AF, in terms of future 
stroke recurrence [41,42].

The pathophysiology of thrombogenesis in AF is multifa-
ceted and complex. The pathogenic mechanisms of thrombus 
formation in the left atrium and left atrial appendage are 
incompletely understood and best framed by Virchow’s triad 
[43]. Evidence that the processes described in Virchow’s triad 
to explain thrombogenesis in vascular disease, namely (i) ves-
sel wall abnormalities, (ii) abnormal blood flow, and (iii) hyper-
coagulability from abnormal hemostasis, platelet function, and 
fibrinolysis, are active in AF is well documented [44–46]. 
Moreover, several studies suggested the presence of these 
alterations among patients with AF-related strokes, fostering 
their association to thrombus formation and subsequently to 
systemic embolism (Tables 1 and 2). However, the precise 
interplay between those pathophysiological elements, AF, 
and ischemic stroke is not fully understood. Improved insights 
into those components and how they lead to stroke in AF 
patients will facilitate improved stratification and understand-
ing of stroke risk and prognosis, and the development of 
management therapies and new targets for treatment strate-
gies in the future.

2.1. Abnormal atrial wall structural changes

As to the first limb of Virchow’s, abnormal changes in the 
structure and anatomy of the left atrial wall may lead to the 
development of atrial fibrillation and contribute to promoting 
a prothrombotic environment (Table 1) [47–57].

Masawa et al. [47] described a ‘rough endocardium’ attri-
butable to a wrinkled appearance of the left atrial endocar-
dium due to edema and fibrous thickening in autopsy patients 
with AF and cerebral embolism. Almost all patients identified 
with ‘rough endocardium,’ had changes of mural micro-
thrombi on light microscopy. These changes in AF patients 
may suggest endocardial injury and represent the established 
knowledge that AF is associated with structural remodeling of 
the left atrium, the hallmark of which is atrial fibrosis. The 
pathogenesis of atrial fibrosis is highly complex and thought 
to involve numerous mechanisms on a cellular and neurohor-
monal level, which are not fully understood. There is an 
important interplay of the previously neglected innate immu-
nity pathways, through the local activation of inflammasome 
[58], a process that leads to cardiac inflammation and myocyte 
loss, leading to abnormal activation and proliferation of car-
diac fibroblasts and differentiation into myofibroblasts, fol-
lowed by the excessive synthesis and deposition of 

Article highlights

● Atrial fibrillation (AF) is a common cause of ischemic stroke, and AF- 
related stroke is associated with higher severity and mortality than 
non-AF stroke.

● A better understanding of the interplay between pathophysiological 
mechanisms of thrombogenesis, AF, and stroke will help to identify 
new targets for treatment and stroke prevention in patients with AF.

● Although AF is diagnosed on surface ECGs, the increasing use of 
several screening modalities and predictive models that adopt multi-
modal biomarkers will enhance our ability to detect new AF during 
follow-up for acute ischemic stroke.

● Although oral anticoagulation following ischemic stroke in AF 
patients is crucial for prevention of recurrent strokes, the optimal 
time for starting or restarting anticoagulation remains to be deter-
mined by several RCTs comparing early to late initiation of oral 
anticoagulants.

● Adopting an early rhythm control strategy including ablation early in 
the diagnosis of AF after stroke may lower the risk of recurrent stroke.

● A holistic integrated care approach associated with reduction in 
adverse outcomes, such as the Atrial fibrillation Better Care (ABC) 
pathway, will continue to be essential.
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extracellular matrix (ECM) proteins [59,60]. The abnormal ECM 
homeostasis is reflected in the upregulation of matrix metal-
loproteinases (MMPs) and downregulation of tissue inhibitors 
of metalloproteinases (TIMPs) [59,61]. The increased expres-
sion of collagen forms a proarrhythmogenic substrate for the 
initiation and perpetuation of AF. Abnormal levels or ratios of 
MMPs and TIMPs as markers of atrial remodeling and endothe-
lial dysfunction have been demonstrated in AF with some 
contradictory results [61,62]. Although elevated MMP-2 has 
been associated with stroke, MMPs and TIMPs have not been 
generally studied in patients with stroke associated with AF.

Elevated Von Willebrand factor (vWF) as a marker of 
endothelial damage and dysfunction is associated with an 
increased stroke risk in AF patients [48,49]. CRP marking the 
role of inflammation in AF has been shown to be positively 
correlated to stroke risk [63]. Whether atrial fibrosis is the 
causative link to AF or merely a marker of underlying disease, 
and whether atrial fibrosis leads to ischemic stroke is unclear, 
since the nature of the relationship between atrial fibrosis, AF, 
and stroke has not been fully elucidated [64].

Nevertheless, there is growing evidence of the association 
between left atrial fibrosis (as detected in cardiac magnetic 
resonance imaging) and stroke in patients with AF, and that in 
this group of patients, atrial fibrosis is a predictor of cerebro-
vascular events [50,51] or atrial thrombosis [52]. In particular, 
a greater amount or severity of left atrial fibrosis correlates 
with an increased risk of stroke or thrombus [50–52]. 
Compared to patients with ischemic stroke from other causes, 
patients with cryptogenic stroke were found to have a higher 
percentage of left atrial fibrosis similar to that found in 
patients with cardioembolic stroke [53]. Recent studies have 
found that even in the absence of AF, patients with ESUS had 
high atrial fibrosis, supporting the notion that atrial substrate 
changes may precede the development of AF and atrial fibro-
sis may be associated with cardioembolism independently of 
the presence of AF [54,55]. In patient-derived simulated mod-
els for the evaluation of the arrhythmogenic potential of 
fibrotic substrate in post-stroke-ESUS patients and in pre- 
ablation AF patients, similar fibrosis levels were found in indu-
cible ESUS models as in AF models suggesting similar sub-
strate properties in the two groups of patients [56]. Changes in 
atrial wall including atrial fibrosis, which may precede the 
clinical identification of AF and be linked to ischemic stroke 
are collectively described as atrial cardiopathy [65,66]. Its clin-
ical correlation and the effect of oral anticoagulation in these 
patients are currently being investigated in the AtRial 
Cardiopathy and Antithrombotic Drugs In prevention After 
cryptogenic stroke (ARCADIA) randomized trial [67].

2.2. Abnormal blood flow

Abnormal blood flow or abnormal blood stasis in the left 
atrium promotes an environment for thrombogenesis 
(Table 1) [68–81]. Left atrial enlargement, which may represent 
the burden of atrial wall changes in patients with AF, is 
a common finding in patients with prolonged AF and pro-
motes blood stasis [82,83]. Reduced left atrial appendage flow 
suggests aberrant blood stasis and may be associated with an 
increased risk of thrombus formation and subsequent 

thromboembolism [68]. Several studies suggested that left 
atrial enlargement may be associated with an increased risk 
of stroke [69,70] and may serve as a potential marker of 
recurrent cardioembolic or cryptogenic stroke in ischemic 
stroke patients [71].

Abnormal blood stasis may be reflected and visualized in 
the form of spontaneous echo contrast (SEC), an active smoke- 
like signal seen in the left atrium on transesophageal echo-
cardiogram [72]. The identification of SEC and increased den-
sity of SEC have been associated with increased risk of 
thromboembolic events and stroke in patients with AF 
[68,72,73,75,84]. SEC may be predictive of subsequent stroke 
and poor long-term outcome following stroke [85] [76]. The 
identification of both SEC and left atrial enlargement has been 
associated with death from stroke [86]. SEC has been asso-
ciated with left atrial thrombus as an important risk factor in 
suspected cardioembolic stroke that is independent of AF [77].

2.3. Platelet and coagulation abnormalities

The third limb of Virchow’s triad, abnormal blood constituents, 
specifically proteins involved in the coagulation cascade and 
platelet aggregation, is well supported in AF (Table 2) 
[48,49,87–129]. However, no single plasma marker has been 
shown to reliably predict stroke in AF. In AF, enhanced platelet 
activation, by a prevalent increase of β-thromboglobulin, pla-
telet fragment 4, P-selectin, and platelet microparticles, is well 
described [87,130,131]. However, the importance and clinical 
correlation of these factors in patients with AF and ischemic 
stroke is unclear [87–90,126].

Mean platelet volume (MPV) has been associated with 
increased platelet reactivity and aggregation in patients 
with myocardial infarction [132] and those with previous 
ischemic stroke or transient ischemic attack (TIA) [133]. 
Among patients with AF, several studies suggest that 
higher levels of MPV significantly increased risk of ischemic 
stroke [91–96]. Similarly, platelet distribution width (PDW) 
was associated with an increased risk of stroke in patients 
with AF [134]. Although these studies suggest that MPV 
and PDW may serve as potential new and cost-effective 
biomarkers for prediction of stroke risk in AF patients 
[93,97], their validity and clinical relevance remains 
unclear.

Several studies suggested a potential association of von 
Willebrand factor (vWF) and D-dimer among patients with AF 
and ischemic stroke [90,98–102]. Among AF patients, vWF 
increase was associated with higher risk of ischemic stroke 
and adverse cardiovascular events [48,49,103–111,135,136], 
while both D-dimer and vWF have been associated with 
ischemic stroke severity and prognosis [104,112]. Still, the 
evidence related to the clinical significance of D-dimer levels 
in patients with AF is conflicting [106,113–121]. Other coagu-
lation markers such as fibrinogen [98], thrombin-antithrombin 
complexes [122–124], prothrombin fragments 1 + 2 
[99,123,124], plasminogen activator inhibitor-1 [125], and 
antithrombin III [119] have been associated with higher risk 
of stroke in AF patients, yet their clinical significance remains 
unclear.
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3. Diagnosis and screening

Atrial fibrillation is a dynamic arrhythmia with a broad spec-
trum of clinical and electrophysiological findings. Although AF 
diagnosis is based on surface ECGs [137], the increasing use of 
several screening modalities, especially among patients with 
cryptogenic stroke, significantly increased our ability to iden-
tify atrial fibrillation during follow-up.

An important proportion of patients with cryptogenic 
stroke might have undiagnosed asymptomatic AF [37]. It is 
suggested that stroke patients should undergo at least 24 to 
72 hours ECG ambulatory monitoring to identify potential AF 
episodes [137,138]. In patients with ESUS, a 72 hours Holter 
monitor is used to further investigate the presence of AF, and 
although no consensus has been reached regarding pro-
longed monitoring, several non-invasive or implantable moni-
tors can considerably increase the detection of AF following 
a stroke [36,139,140]. Indeed, clinical guidelines have issued 
recommendations for more prolonged monitoring following 
cryptogenic stroke [137,141], including a Class IIa recommen-
dation from the European Society of Cardiology (ESC) for 
either longer term ECG monitoring or an insertable cardiac 
monitor [137]. As it is thought that the proportion of strokes 
associated with AF may be higher than estimated, by sequen-
tially combining the various methods of cardiac monitoring 
using a tiered approach, it might be possible to detect new AF 
in almost one-quarter of patients with stroke or TIA [142].

Although systematic screening of the population for AF is 
not generally recommended largely due to considerations con-
cerning cost-effectiveness and net-benefit, some guidelines 
suggest screening in groups at high-risk of stroke or in those 
aged 75 and over [137,143]. Otherwise, opportunistic screening 
for AF by pulse check and 12-lead ECG has been recommended 
for patients aged 65 and over, or those in high-risk groups such 
as hypertensive patients [137]. With the unfolding of new tech-
nologies, new portable and wearable devices, such as patch 
sensors, smartphones, smartwatches, wristbands, and rings, 
could develop into useful tools for screening for AF and lead 
to increased detection of AF [144–146].

3.1. Device-detected and subclinical AF

Modern cardiac implantable electronic devices (CIED), which 
include dual chamber permanent pacemakers, cardiac resyn-
chronization therapy devices, implantable cardioverter- 
defibrillators, and implantable loop recorders (ILR), are capable 
of monitoring and recording atrial tachyarrhythmias. Stored 
episodes have been found to be well correlated with AF, 
particularly when they have an atrial rate of more than 250 
complexes per minute or a duration exceeding 5 minutes 
[147]. Such atrial asymptomatic tachyarrhythmias, in patients 
who have no previous history of clinical or documented AF, 
are known as atrial high-rate episodes (AHRE), a term often 
used interchangeably with ‘subclinical AF.’ Several studies 
have shown that AHRE are associated with an increased risk 
of stroke and thromboembolism (Table 3) [148–160], while 
patients with AHRE are at increased risk of developing clinical 
AF [148,151,160].

Current data suggest that AHRE increase the risk of stroke 
or systemic embolism when they last for at least 30 seconds in 
patients with CIED [161–163]. Among patients with previous 
cryptogenic stroke who undergo continuous monitoring with 
ILR, AHRE lasting greater than 2 minutes significantly 
increased the risk of future stroke or systemic embolism 
[161,164,165]. However, it is still unclear, especially in primary 
stroke prevention, whether the potential benefits of OAC will 
not be outweighed by the risks of bleeding [166,167]. AF 
burden greater than 5 minutes is associated with an increased 
risk of both clinical AF and stroke [168]. A high burden of 
AHRE of 5.5 hours or more, occurring within 30 days of stroke, 
doubled the risk of thromboembolism compared to a lower 
burden of AHRE [150]. The risk was found to be highest in the 
initial period of 10 days after the AHRE and rapidly diminished 
after longer periods [154,169].

Several studies have found the lack of any temporal relationship 
between the detected AHRE and stroke, with few patients having 
AHRE within the month before their stroke or patients were not in 
AF at the time of the stroke [152,156,170,171], raising the inference 
that the pathogenesis of stroke and thromboembolism may 
involve mechanisms other than AF [156]. Rather, AF may represent 
the marker of other mechanisms or conditions leading to stroke 
instead of a risk factor for stroke [172,173]. However, the studies 
were open to several biases including the lack of any adjudication 
of strokes to cardioembolic or non-cardioembolic strokes [174].

The apparent lack of a temporal association between sub-
clinical AF and stroke adds to the controversy surrounding the 
burden or length of duration of subclinical AF that would 
justify commencing anticoagulant therapy [175], until we 
have the results of a number of randomized controlled trials 
evaluating the implications. The ESC guidelines [137] suggest 
that anticoagulant therapy may be considered in selected 
patients with longer durations of AHRE of at least 24 hours 
who are at high risk of stroke if a net clinical benefit can be 
expected [137].

3.2. Prediction of incident AF in cryptogenic stroke

Although various scores have been proposed to predict the 
onset of new AF, including the Framingham Heart Study score 
[176] and CHARGE-AF score [177], they have not been widely 
used in practice. The scores were designed to allow early 
identification of patients at risk who would benefit from timely 
targeted intervention and prevention. Similarly, risk scores 
have been proposed for post-stroke patients, particularly cryp-
togenic stroke patients. As clinical and radiological methods 
lack sensitivity for identifying patients suspected of having 
had a cardioembolic stroke, attempts at devising an algorithm 
to guide management and investigation, selection of patients 
for longer-term monitoring, and stroke prevention have been 
made in a number of observational studies.

These published scores include the STAF [178], LADS [179], 
NDAF [180], Intermountain AF [181], HAVOC [182], CHA2DS2 

-VASc [183], C2HEST[184], AS5F [185], CHASE-LESS [186], AF- 
ESUS [187], Decryptoring [188], Brown ESUS-AF [189], Graz AF 
Risk [190] and SAFE [191] scores for predicting AF, and iPAB 
[192] and Fujii [193] scores for predicting paroxysmal AF in 
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acute ischemic stroke patients. As the risk scores identified 
performed variably in their discriminative ability and the utility 
of these scores to predict newly detected AF in clinical prac-
tice remains uncertain [194], none have been generally 
adopted in current clinical practice.

A tailored approach to patient selection for longer-term cardiac 
monitoring or comprehensive predictive models that adopt multi-
modal biomarkers for predicting newly detected AF after crypto-
genic stroke may be more discriminating [195]. The markers can 
range from clinical, ECG, and blood-based biomarkers [195,196] to 
echocardiographic and brain imaging biomarkers [188–193]. 
Clinical variables associated with greater likelihood of newly 
detected AF following cryptogenic stroke include older age, 
female sex, hypertension, heart failure, ischemic heart disease, 
diabetes, treatment with statin, being a non-smoker, higher 
National Institutes of Health Stroke Scale or modified Rankin 
Scale scores, and IV thrombolysis treatment [195,196].

ECG markers linked with higher likelihood of AF detection 
include frequent premature atrial contractions, left ventricular 
hypertrophy, atrioventricular block, as well as more prolonged PR 
interval, P-wave duration, P-wave dispersion, P-wave index, and 
QTc interval [195,197,198]. Associated blood biomarkers include 
NT-proBNP [188,190,192,193,195,199] and high-density lipopro-
teins [195]. Echocardiographic and radiological biomarkers linked 
with AF detection after cryptogenic stroke include left atrial enlar-
gement [189–191,193], decreased left atrial strain [188,200], 
reduced left ventricular ejection fraction [198], prior cortical or 
cerebellar infarction [37,190], cortical topography [191], intracra-
nial large vessel occlusion [191], and multi-territory brain infarc-
tion [190].

AF as the suspected cause of cryptogenic stroke may never be 
found. However, commencing OAC for stroke thromboprophylaxis 
for suspected cardioembolic stroke in such cases is not recom-
mended. Two randomized controlled trials, the Rivaroxaban 
Versus Aspirin in Secondary Prevention of Stroke and Prevention 
of Systemic Embolism in Patients with Recent Embolic Stroke of 
Undetermined Source (NAVIGATE ESUS) and the Dabigatran 
Etexilate for Secondary Stroke Prevention in Patients with 
Embolic Stroke of Undetermined Source (RE-SPECT ESUS), evalu-
ated OAC for the prevention of recurrent stroke following ESUS. In 
the NAVIGATE ESUS trial, rivaroxaban was found to be non- 
superior to aspirin for prevention of recurrent stroke after an initial 
ESUS but was associated with a higher risk of bleeding [201]. The 
RE-SPECT ESUS trial made similar findings regarding the non- 
superiority of dabigatran compared to aspirin, though non-major 
bleeding events but not major bleeding events were greater [202]. 
The results might be explained by the heterogeneity of the ESUS 
population involved in the studies where patients were even 
included who had large artery atherosclerosis resulting in less 
than 50% occlusion or aortic atherosclerosis [203].

4. Management

4.1. Stroke prevention

4.1.1. Stroke risk stratification 
Stroke risk is not homogenous but dependent on various risk 
factors, which have been incorporated into clinical stroke risk 
stratification algorithms, all of which have only modest 

predictive value for identifying patients at high risk of stroke. 
However, being based on clinical risk scores, they are appeal-
ing for their simplicity and convenience for use in daily clinical 
practice and decision-making. The most commonly adopted 
stratification scores are CHADS2 and CHA2DS2-VASc [204], 
which have been widely validated [205,206]. Low-risk patients, 
those having a CHA2DS2-VASc score of 0 in men or 1 in 
women, with a rate of stroke of less than 1% per year do not 
require any antithrombotic therapy. Any score above that due 
to the presence of at least one stroke risk factor triggers the 
requirement to consider OAC with either a VKA or NOAC. 
Clinical risk scores do not remain static over time but are 
dynamic and likely to change with additional comorbidities 
and age.

Prior to commencing OAC, an evaluation of bleeding risk 
using a validated bleeding risk score such as the HAS-BLED 
score is recommended with the goal of reducing modifiable 
bleeding risk factors (such as uncontrolled hypertension, labile 
INR, excessive use of alcohol, or concomitant drugs predispos-
ing to bleeding). Patients with a high HAS-BLED score will 
benefit from more frequent review. A high HAS-BLED score 
by itself is rarely a cause to avoid OAC [207].

As more predictors of stroke risk become known, they may 
be reflected in risk stratification schemes to make scores more 
discriminating. For example, echocardiographic markers (such 
as spontaneous echo contrast on transesophageal echocardio-
graphy and left ventricular systolic dysfunction on transthor-
acic echocardiography) and blood biomarkers may be 
relevant, as well as electrocardiographic markers of atrial car-
diomyopathy such as abnormal p-wave axis [208,209]. 
Potential new markers of stroke risk are being recognized 
with time. White matter changes and chronic intracranial 
arterial calcification are being recognized as risk factors for 
stroke [210,211]. Mitral annular calcification was found to be 
an independent predictor of cardioembolic stroke in elderly 
patients with AF [212].

4.1.2. Appropriate antithrombotic therapy 
The cornerstone of management of AF is stroke prevention. In 
patients with AF, the use of OAC, such as a VKA like warfarin or 
a NOAC, is recommended, reducing the risk of stroke by 
approximately 60% and lowers all-cause mortality [213]. 
Multicenter Phase III randomized controlled trials (RCTs) have 
confirmed that NOACs are as efficacious as warfarin, providing 
a safety profile for patients with AF [22–25]. In these trials, 
individual NOACs provided comparable results in terms of 
efficacy and safety compared to warfarin. Despite the signs 
of potential superiority of one NOAC compared to others in 
relation to their effectiveness and safety [214] including in AF 
patients with chronic kidney disease [215], the lack of head-to- 
head comparison in RCTs and the diverse patients’ character-
istics in RCTs and observational studies do not allow for safe 
conclusions.

Nevertheless, the risk of bleeding remains an impediment 
to the use of and adherence to OAC. There exists developing 
evidence that activated coagulation factor XI (factor XIa) may 
provide a target for a next-generation NOAC with advantages 
over conventional factor X inhibitors in terms of lower risk of 
major bleeding. A recent randomized Phase II dose-finding 
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study of asundexian, a direct inhibitor of factor XIa, observed 
significantly lower rates of bleeding with asundexian com-
pared to apixaban in patients with AF [216]. The trial paves 
the way for larger studies exploring the efficacy, safety, and 
incidence of major bleeding events in factor XIa inhibition in 
patients with AF at risk of stroke.

Even in the presence of stable coronary artery disease, OAC 
monotherapy is effective in preventing both stroke or sys-
temic embolism and new coronary artery events. Recently, 
rivaroxaban monotherapy was found to be noninferior to 
a combination of rivaroxaban and antiplatelet treatment in 
patients with AF and stable coronary artery disease, for the 
composite outcome of stroke, systemic embolism, myocardial 
infarction, unstable angina requiring revascularization, or 
death from any cause (HR: 0.72; 95% CI, 0.55 to 0.95; 
P < 0.001 for noninferiority), while it was associated with 
a significantly lower risk of major bleeding (HR: 0.59, 95% CI, 
0.39 to 0.89; P = 0.01 for superiority) [217]. This was also 
confirmed in meta-analysis including both randomized and 
observational studies, where OAC monotherapy was as effec-
tive as OAC combined with antiplatelet, but significantly asso-
ciated with a reduced risk of bleeding [218]. The position is 
less clear where other stable vascular diseases (such as carotid 
artery or peripheral artery disease) co-exist with AF. Although 
It is thought that OAC monotherapy should suffice, actual 
practice may differ between clinicians [219].

Although anticoagulation treatment and stroke prevention 
in AF might be straightforward, in the acute and early post- 
stroke phase, the decision to start anticoagulation may vary. In 
the early post-stroke period, especially in patients with AF, the 
risk of a recurrent event is significantly high [220]. Despite this 
increased risk of recurrent event, anticoagulation in the acute 
and early phase of ischemic stroke is contraindicated, espe-
cially in patients with large ischemic strokes due to the risk of 
hemorrhagic transformation. Hence, the optimal time in which 
the risk of recurrent stroke outweighs the bleeding risk and 
subsequently when to start anticoagulation in these patients is 
still not clear. This might be answered by several RCTs, com-
paring the early to late initiation of NOACs in patients with AF- 
related ischemic strokes [221–224]. One of the RCTs has pub-
lished its results. In the Timing of Oral Anticoagulant Therapy 
in Acute Ischemic Stroke With Atrial Fibrillation: a Prospective 
Multicenter Registry-based Non-inferiority Randomized 
Controlled Clinical Trial (TIMING), a study involving 888 
patients with AF, early initiation of NOAC at 4 days or less 
from onset of acute ischemic stroke was noninferior to 
delayed start at between 5 and 10 days from stroke onset 
[225]. In TIMING, no patient suffered a symptomatic intracer-
ebral hemorrhage in either the early or delayed groups and 
the early group had a numerically lower rate of recurrent 
stroke and death. While waiting for the results of all the 
RCTs, there are also observational cohort data suggesting 
that the relative risk of recurrent stroke and symptomatic 
intracerebral hemorrhage may be highest in the first 2 days 
after a stroke before attenuating to become constant over 
time. Thus, early introduction of OAC 2–3 days after a stroke 
was associated with considerably fewer recurrent stroke 

events over the ensuing weeks without excess risk of sympto-
matic intracerebral hemorrhage [226].

The European Heart Rhythm Association of the European 
Society of Cardiology (EHRA-ESC) introduced the ‘1–3–6– 
12 days rule’ in 2013, depending on the neurologic deficit of 
the stroke patient [227]. Nevertheless, in view of the lack of 
solid evidence on the time of OAC initiation, current guide-
lines suggest that OAC should be initiated or re-initiated as 
soon as possible, usually within the first 2 weeks following an 
acute stroke [137].

Although NOACs have predictable pharmacokinetic proper-
ties with rapid onset and need for dose adjustment in special 
populations such as patients with chronic kidney disease, the 
elderly, and those with low bodyweight that need to be 
considered to optimize their benefit-risk profile, the pharma-
cokinetic modeling of NOACs has rarely been studied in 
a post-stroke population in contrast to the data gathered 
from healthy subjects [228–232]. In the earlier Phase III RCTs 
comparing individual NOACs with warfarin, as patients who 
had experienced a stroke within days of randomization were 
excluded from those studies, the efficacy and safety of NOACs 
in acute stroke patients who may commonly be older, or have 
renal impairment associated with the effects of acute ischemic 
stroke, is unknown [232]. Limited observational data in a small 
study examined the anticoagulation intensity of rivaroxaban in 
stroke patients in Japan, the majority of whom were enrolled 
soon after stroke onset and commenced rivaroxaban within 
a median of 5 days [232]. The ongoing RCTs comparing the 
early to late initiation of NOACs after acute ischemic stroke in 
AF patients may shed light on the pharmacokinetic implica-
tions and efficacy and safety of individual NOACs and dosing 
regimens in an acute ischemic stroke setting.

Notwithstanding OAC therapy, there remains a residual risk 
of treatment failure. Observational data suggests that patients 
with AF who suffer a stroke while on treatment with OAC are 
at high risk of recurrent ischemic stroke. Furthermore, chan-
ging the type of OAC by switching between VKA and NOAC or 
from one NOAC to another was not associated with 
a decreased risk of recurrent ischemic events. Thus, the opti-
mal approach to secondary prevention to reduce the risk of 
further recurrent events in this high-risk group of patients 
remains uncertain [233–235]. Although there may be 
a benefit from alternative strategies, such as left atrial appen-
dage occlusion, there is currently limited evidence on the 
benefits. However, The Left Atrial Appendage Occlusion 
Versus Novel Oral Anticoagulation for Stroke Prevention in 
Atrial Fibrillation Multicenter Randomised Clinical Trial 
(Occlusion-AF), currently recruiting, will compare left atrial 
appendage occlusion to NOAC treatment for secondary stroke 
prevention in patients with AF and a recent stroke or TIA at 
high risk of recurrent thromboembolic events [236].

4.1.3. Left atrial appendage occlusion 
In patients who are unable to tolerate OAC, left atrial appen-
dage occlusion (LAAO) may be a potential alternative treat-
ment modality in patients with AF, especially after an ischemic 
stroke. Patients who do not have a contraindication to short- 
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term antithrombotic use may be suitable. The WATCHMAN 
Left Atrial Appendage System for Embolic PROTECTion in 
Patients With Atrial Fibrillation (PROTECT AF) and the 
Prospective Randomized Evaluation of the WATCHMAN LAA 
Closure Device in Patients with Atrial Fibrillation (AF) Versus 
Long Term Warfarin Therapy (PREVAIL) trials showed that 
LAAO was non-inferior to warfarin in stroke prevention in 
patients with AF [237,238]. In the more recent Interventional 
Left Atrial Appendage Closure vs. Novel Anticoagulation 
Agents in High-risk Patients With Atrial Fibrillation (PRAGUE- 
17) trial, LAAO using an Amulet or Watchman device was 
noninferior to NOAC in preventing major cardiovascular, neu-
rological, and bleeding events related to AF in high-risk 
patients [239].

During the period of endothelialization following implanta-
tion of an LAAO device, antithrombotic therapy is essential for 
reducing the risk of thromboembolism. The optimal post- 
procedural antithrombotic regime, however, is unclear, and 
clinical practice has tended to vary, with registries indicating 
majority use of dual antiplatelet therapy (DAPT) in Europe, and 
OAC plus antiplatelet in contemporary U.S. practice [240,241]. 
However, recent studies suggest that OAC monotherapy may 
potentially be considered as an alternative post-procedural 
antithrombotic strategy. A randomized pilot study found 
reduced thrombin generation following LAAO in patients trea-
ted with reduced-dose rivaroxaban rather than DAPT [242]. In 
a meta-analysis, including mainly single-arm studies, OAC had 
a better efficacy and safety profile than antiplatelet therapy 
favoring OAC over DAPT as anti-thrombotic therapy following 
LAAO [243]. In a recent study, post-procedural OAC without 
concomitant aspirin was associated with lower risk of adverse 
outcomes [241].

4.2. Rhythm control

Rhythm control may be achieved through pharmacological 
and non-pharmacological means. Antiarrhythmic drugs are 
commonly used for restoration and maintenance of sinus 
rhythm. Catheter ablation is an alternative to medical therapy 
for rhythm control in AF. Catheter ablation of AF is usually 
performed through the standard approach of pulmonary vein 
isolation. The two most frequently used techniques for pul-
monary vein isolation are radiofrequency ablation and cryoa-
blation [244]. Radiofrequency ablation is the most common 
method and involves the application of a radiofrequency cur-
rent to heat tissue and achieve cellular necrosis. Cryoablation 
entails the application of cryogenic energy with a balloon to 
induce tissue necrosis by freezing.

Guidelines have historically recommended rhythm control 
for improvement of symptoms and quality of life in sympto-
matic patients with AF [137]. Until recently, rate control was 
thought to be equivalent to rhythm control. The Atrial 
Fibrillation Follow-up Investigation of Rhythm Management 
(AFFIRM) trial demonstrated that rhythm control (using an 
antiarrhythmic drug and, if necessary, cardioversion) offered 
no survival benefit over rate-control [245]. Similarly, the Rate 
Control versus Electrical Cardioversion for Persistent Atrial 
Fibrillation (RACE) trial demonstrated that rate control is not 

inferior to rhythm control for preventing cardiovascular death 
and morbidity in patients with recurrent persistent AF after 
cardioversion [246].

However, the Early Treatment of Atrial Fibrillation for Stroke 
Prevention Trial (EAST-AFNET 4) RCT showed that, among 
2789 patients with early AF diagnosed within 12 months 
who were randomized to either early rhythm control or 
usual care, a rhythm control strategy was associated with 
a lower risk of stroke, hospitalization for heart failure, and 
cardiovascular death [247]. Following the landmark EAST- 
AFNET 4 trial, clinical practice now tends to favor adopting 
an early rhythm control strategy including ablation therapy 
early in the diagnosis of AF. Nevertheless, an ancillary analysis 
from the ESC-European Heart Rhythm Association (EHRA) 
EURObservational Research Programme (EORP) AF (ESC-EHRA 
EORP-AF) General Long-Term Registry, conducted to evaluate 
real-world applicability and impact of the EAST-AFNET 4 study, 
showed a lower rate of major adverse events, but no signifi-
cant difference in the primary outcome of cardiovascular 
death, stroke, acute coronary syndrome, and worsening of 
heart failure [248]. Although cardioversion seems beneficial 
in patients with AF, whether patients with paroxysmal AF 
detected after stroke benefit from cardioversion is still not 
clear. An observational study showed that sinus rhythm 
restoration, either with the use of antiarrhythmic medication 
or in patients with self-terminated paroxysmal AF, was asso-
ciated with a 36% reduction of overall mortality and led to 
reduction in both stroke recurrence and MACE by 46% [249]. 
Similarly, the Risk and Benefits of Urgent Rhythm Control of 
Atrial Fibrillation in Patients With Acute Stroke (RAFAS) rando-
mized trial recently showed that post-stroke early rhythm 
control significantly reduced recurrent events within 1 year 
[250]. These findings suggest that even in the early post-stroke 
phase, cardioversion and sinus rhythm restoration may benefit 
future cardiovascular outcomes.

When comparing pharmacological antiarrhythmic therapy 
with ablative therapy for rhythm control, no clear difference in 
reduction of stroke risk has been demonstrated. Although 
several observational studies found that catheter ablation 
reduces the risk of stroke compared to antiarrhythmic drug 
therapy in high-risk patients, no difference in stroke risk has 
been observed in randomized trials [251]. The recent Catheter 
Ablation vs Anti-arrhythmic Drug Therapy for Atrial Fibrillation 
Trial (CABANA) showed that compared to antiarrhythmic drug 
therapy, catheter ablation did not significantly lower the pri-
mary composite end point of disabling stroke, death, bleeding, 
or cardiac arrest [252]. Only randomized controlled trials have 
demonstrated mortality benefit from catheter ablation in 
patients with heart failure with left ventricular systolic dys-
function [251].

Until recently, catheter ablation has been recommended 
for rhythm control after failed antiarrhythmic drug therapy. 
However, recent evidence from the randomized trials Early 
Aggressive Invasive Intervention for Atrial Fibrillation (EARLY- 
AF), Catheter Cryoablation Versus Antiarrhythmic Drug as 
First-Line Therapy of Paroxysmal Atrial Fibrillation (Cryo- 
FIRST), and STOP AF First: Cryoballoon Catheter Ablation in 
an Antiarrhythmic Drug Naive Paroxysmal Atrial Fibrillation 
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(STOP AF First) demonstrates that ablation is superior to anti-
arrhythmic drug therapy for reducing recurrence of AF [253– 
255]. Similarly, the Atrial Fibrillation Progression Trial (ATTEST) 
suggests radiofrequency ablation is superior to antiarrhythmic 
drugs for delaying the progression of paroxysmal AF to per-
sistent AF [256].

4.3. Integrated care in AF and in stroke: Atrial 
fibrillation Better Care (ABC) pathway

Although stroke is relatively infrequent in anticoagulated 
patients, even in large and well-conducted anticoagulation 
RCTs, the annual rate of ischemic stroke in AF patients despite 
OAC was 1–2% [257–261], while observational studies suggest 
that this might be higher reaching 5% [262,263]. Also, mortal-
ity associated with AF doubled between 1990 and 2010 [264]. 
Due to its multifactorial background and the coexistence of 
several cardiovascular risk factors in patients with AF, a more 
holistic or integrated care approach in AF management has 
been promoted in recent years [265–267].

The Atrial fibrillation Better Care (ABC) holistic pathway (the 
ABC pathway) is an example of such approach and is increas-
ingly recommended by International guidelines [137,265,268– 
270]. The three pillars of the ABC pathway are ‘A’ – 
Anticoagulation/Avoid stroke, ‘B’ – Better symptom control 
(with patient centered, symptom directed decisions on rate 
or rhythm control), and ‘C’ – Cardiovascular risk factors and 
Comorbidities management, including lifestyle changes. It has 
consistently been shown that the ABC pathway is associated 
with improved clinical outcomes and a significant reduction in 
adverse outcomes [271–277].

In accordance with this notion, a recent position paper of 
the European Society of Cardiology Council of Stroke pro-
posed an integrated care approach for optimization of ‘gen-
eral’ stroke management and associated cardiovascular 
disease in the form of a post-stroke ABC pathway [219]. 
Along the lines of the AF ABC pathway, the post-stroke ABC 
pathway includes three pillars of care: ‘A’ – Appropriate 
Antithrombotic therapy, ‘B’ – Better functional and psycholo-
gical status, and ‘C’ – Cardiovascular risk factors and 
Comorbidity optimization (including lifestyle changes) [219]. 
In the context of AF, NOACs are preferred over VKAs due to 
their favorable safety profile, while patients should undergo 
a multidisciplinary evaluation to recognize post-stroke depres-
sion and dementia, together with the optimization of cardio-
vascular comorbidities and risk factors [219].

5. Expert opinion

More research is needed into the paradigm of interaction 
between AF, thrombogenesis and stroke, and the pathways 
that lead to abnormal development of the atrial substrate that 
favors the generation of arrhythmia. The hope is that the 
knowledge gained will help to identify novel markers of stroke 
risk for refining current models of risk stratification and new 
molecular targets for treatment and stroke prevention. The 
renin-angiotensin-aldosterone system may play an important 
role in the development of atrial fibrosis, as has already been 
shown in experimental canine models, where angiotensin- 

converting enzyme inhibition suppressed atrial fibrosis 
[278,279], while sacubitril/valsartan was associated with reduc-
tion in atrial fibrosis in mice [280]. Recently, the new corona-
virus 2019 pandemic brought up the importance of 
angiotensin-converting enzyme 2 (ACE 2), which, apart from 
serving as the virus’ functional cell receptor [281], among 
others, may provide important information on pathophysiol-
ogy of several cardiovascular diseases including AF and atrial 
fibrosis [282]. These data may provide further knowledge on 
the evaluation and treatment of patients with AF or atrial 
fibrosis [283–285].

Accumulating evidence and the expanding research inter-
est associated with the use of artificial intelligence (AI) and 
machine learning (ML) may provide future perspectives for risk 
stratification and stroke prevention in patients with AF. As 
multimorbidity risk factors and AF predispose to stroke in 
a dynamic way, AI technics may help in the optimization of 
the preventive and treating pathways. Research continues to 
take advantage of AI and ML techniques for identifying and 
recognizing imaging and electrocardiographic markers of 
stroke risk. In silico models are proving highly useful to simu-
late computational models to predict outcomes, providing 
a way to examine the effect of several interventions based 
on artificial models. For example, to assess the pathophysio-
logical link between atrial fibrillation and stroke, potential pro- 
arrhythmic substrate properties of fibrosis have been assessed 
through patient- and magnetic resonance imaging-derived 
inducible in silico models to computationally predict the pre-
sence of triggers, and re-entrant drivers, needed for perpetua-
tion of AF [56].

Although many cases of cryptogenic stroke are suspected 
to be caused by AF, these patients will never get the chance to 
reduce their further thromboembolic risk if they will not 
undergo an extensive search for AF. More research is much 
needed in this area, along with more refined RCT evidence for 
the efficacy of NOACs in stroke prevention in ESUS. In the 
meantime, advancements in information technology and the 
increasing use of smartwear and smartphones by the general 
public will provide more opportunities for detecting arrhyth-
mias. As demonstrated in the Apple Heart Study (Assessment 
of Wristwatch-Based Photoplethysmography (PPG) to Identify 
Cardiac Arrhythmias) [145], the Mobile Health Technology for 
Atrial Fibrillation Screening Using Photoplethysmography- 
Based Smart Devices (The HUAWEI Heart Study) [144] and 
the Fitbit Heart Study (Detection of Atrial Fibrillation in 
a Large Population Using Wearable Devices) [146], continuous 
monitoring with PPG-based smartwear could be feasible for 
screening and early detection of AF in large populations. In 
the Apple Heart Study, notifications of an irregular pulse had 
an 84% positive predictive value for concurrent AF, while in 
the HUAWEI Heart Study, 91.6% of PPG-positive signals were 
confirmed as AF. In the Fitbit Heart Study, the PPG software 
algorithm for Fitbit devices resulted in a positive predictive 
value of 98.2%.

As mortality associated with AF remains high and there is 
still a five-fold increased risk of having a stroke in patients with 
AF, a holistic integrated care approach to managing AF and 
stroke prevention will continue to be essential, with greater 
development of multidisciplinary inputs. Care may involve 
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more sophisticated and structured lifestyle programs such as 
weight reduction, diet, and physical exercise programs to 
address the pro-arrhythmic consequences of obesity. More 
integrated involvement of sleep disorder units and specialists 
in treatment of conditions like obstructive sleep apnea will be 
important. With the advent of more sophisticated smart tech-
nology, mobile health apps are likely to feature, which will 
help enhance patients’ knowledge of their own conditions, 
and encourage greater involvement in their clinical care[286]. 
Nevertheless, there is a recognition that OAC therapy is still 
underused in practice in the contemporary high-risk popula-
tion of stroke survivors with AF, especially individuals of older 
age or those affected by socioeconomic deprivation. Thus, 
there is a need to identify barriers to OAC and develop stra-
tegies to improve prescription of OAC treatment [287].
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