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Summary
Stroke prevention is central to the management of patients with atrial fibrillation (AF) which has moved towards a more
holistic or integrative care approach. The published evidence suggests that management of AF patients following such a
holistic approach based on the Atrial fibrillation Better Care (ABC) pathway is associated with a lower risk of stroke and
adverse events. Risk assessment, re-assessment and use of direct oral anticoagulants (DOACs) are important for stroke
prevention in AF. The stroke and bleeding risks of AF patients are not static and should be re-assessed regularly. Bleeding
risk assessment is to address and mitigate modifiable bleeding risk factors, and to identify high bleeding risk patients for
early review and follow-up.Well-controlled comorbidities and healthy lifestyles also play an important role to achieve a better
clinical outcome. Digital health solutions are increasingly relevant in the diagnosis and management of patients with AF,
with the potential to improve stroke prevention. In this review, we provide an update on stroke prevention in AF, including
importance of holistic management, risk assessment/re-assessment, and stroke prevention for special AF populations.
Evidence-based and structured management of AF patients would reduce the risk of stroke and other adverse events.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Atrial fibrillation (AF) is the commonest heart rhythm
disorder, leading to an increased risk of stroke and
mortality, as well as hospitalisation from heart failure.
Strokes associated with AF are associated with greater
mortality and disability, and lower rates of discharge to
own homes, leading to much focus on stroke prevention
as one of main pillars of AF management.1,2

The risk of stroke in AF is not homogenous, and de-
pends on the presence or absence of various stroke risk
factors. Themore common and validated stroke risk factors
have been used to formulate stroke risk stratification scores,
to aid clinical decision making and the use of stroke pre-
vention therapies.3 Previous studies have looked at the risk
of stroke in relation to the presence or absence of a
particular stroke risk factor. However, what we do
increasingly realise is that patients with AF very often have
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more than one comorbidity, so-called multimorbidity,
which substantially increases the risk of stroke and
thromboembolism as well as other adverse complications.4,5

Recent studies have tried to focus on these clinically
complex patients. Proietti et al.5 reported on the long-term
relationship between AF multimorbidity (as defined by the
Charlson Comorbidity Index, CCI) and the use of antico-
agulant therapies. Between 2002 and 2014, there was a
gradual increase in mean CCI in the non-AF cohort, which
is unsurprising given the increasingly mean age of the
general population as well as the improved care of patients
with acute cardiac conditions, such as myocardial infarc-
tion. In contrast, the patients with AF had a much steeper
rise in their CCI between 2002 and 2014, and 18% of the
overall AF cohort had a highmultimorbidity (CCI≥4). This
increased CCI translated to higher risk of complications
such as stroke, major bleeding and all-cause mortality.
Despite their high risk nature, there was an inverse rela-
tionship between CCI and use of oral anticoagulants
(OACs) to reduce the risk of stroke. Hence, there was a
major treatment gap despite recognising that these patients
are at substantially high risk of adverse cardiac events.

Apart from multimorbidity, AF patients also had a
higher frailty.6 Frail AF patients were associated with a
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Key messages

• The ABC (“A" Avoid stroke with Anticoagulation; “B" Better symptoms control;
“C" Cardiovascular risk factors and comorbidities management) pathway is a
simple and structured holistic approach for patients with atrial fibrillation (AF)
which would result in a lower risk of ischaemic stroke and better clinical
outcomes.

• The stroke risk represented by the CHA2DS2-VASc score of AF patients is not static
and should be re-assessed regularly (4–6 months after the index evaluation in
European Society of Cardiology guidelines; at least every year and every 4 months
if possible in Asia Pacific Heart Rhythm Society guidelines).

• Bleeding risk assessment is to address and mitigate modifiable bleeding risk
factors, and to identify high bleeding risk patients for early review and follow-up.

• Direct oral anticoagulants (DOACs) are generally the preferred choice over
warfarin for stroke prevention in AF, while the importance of appropriate
dosing of DOACs should be emphasized since underdosing could be a reason for
breakthrough stroke.

• In addition to oral anticoagulants (OACs), early rhythm control and well
managements of cardiovascular risk factors and comorbidities could also
improve clinical outcomes of AF patients.

• Factor XI inhibitors are “novel” OACs which may potentially provide new choice
for stroke prevention in AF once their efficacy and safety are proved by ongoing
phase III trials.
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higher risk of all-cause death (odds ratio [OR] 5.56, 95%
confidence interval [CI] 3.46–8.94), ischaemic stroke (OR
1.59, 95% CI 1.00–2.52), and bleeding (OR 1.64, 95% CI
1.11–2.41), when compared to robust individuals. Despite
being on OACs, there remains a residue risk of adverse
events, and therefore, the current AF management has
moved towards a much more holistic or integrative care.
In this review, we provide an update on stroke prevention
in AF, including importance of holistic management, risk
assessment/re-assessment, and stroke prevention strat-
egy for special AF populations.
A holistic approach to risk assessment and
management of atrial fibrillation
The steps for a holistic approach to risk assessment and
management of AF patients includes the consideration of
stroke prevention where appropriate, patient-centred and
symptom-directed decisions on rate or rhythm control
therapy, and finally, the addressing of cardiovascular risk
factors, comorbidities and lifestyle modifications.7 This
patient pathway or patient journey highlights the neces-
sity of managing AF in a holistic manner, whether the
patient is managed by the general practitioner, internal
medicine, stroke medicine or the cardiologist.

This is summarised in the European guidelines as
the CC to ABC (Fig. 1).8 The CC stands for firstly to
Confirm AF, then to Characterise AF, the latter by
using the 4S-AF scheme.10 The “ABC (Atrial fibrillation
Better Care)” represents an integrated approach to
improve management in AF based on 3 pillars: “A"
Avoid stroke with Anticoagulation; “B" Better
symptoms control; “C" Cardiovascular risk factors and
comorbidities management.

Confirm AF
The diagnosis of AF could be made by a standard 12-lead
ECG recording or a single-lead ECG tracing of ≥30s
reviewed by the physicians.11 Digital health solutions with
smart wearables are more and more commonly adopted
in the daily practice which could provide the opportunity
to screen for and diagnose AF and have been employed
on a mass population screening in large studies such as
the Apple Heart Study,12 the Huawei Heart Study13 and
the Fitbit Heart Study.14 These smart wearables can be
divided into those based on photoplethysmogram (PPG)
signals and those which provide a single lead ECG to
detect AF.15 Importantly, although more and more smart
wearables could detect AF based on PPG, the diagnosis of
AF cannot be made solely based on the notifications.13,15

Indeed, the Apple Heart study demonstrated that the
positive predictive value of AF based on PPG-based
notification of irregular heart beat was only around
0.84.12 Therefore, an ECG strip showing AF confirmed by
the physician is still required.

A potential application of smart wearables is to detect
or diagnose AF for stroke survivors.16,17 The CRYSTAL
AF trial demonstrated that AF was detected in 12.4% of
patients by 12 months after the implantation of insert-
able cardiac monitor.18 With the improving technology,
smart wearables may be able to replace the role of
insertable cardiac monitor for patients who could oper-
ate the smartwatch well in the near future.

Characterise AF (the 4S-AF scheme)
The 4S-AF scheme10 comprises four domains: stroke
risk (St), symptoms (Sy), severity of AF burden (Sb), and
substrate (Su).

Stroke risk is assessed by the CHA2DS2-VASc score;
Symptom severity by the EHRA symptom score;
Severity of AF burden, classified as paroxysmal, persis-
tent or permanent in nature, with detailed information
about durations/frequencies of AF episodes if available;
and Substrate severity as reflected by age, structural
heart disease and comorbidities. Also, imaging modal-
ities could be used to demonstrate atrial fibrosis and
diagnose atrial cardiomyopathy.10

Various studies have shown that appropriate char-
acterisations of AF patients according to the 4S-AF
scheme followed by corresponding managements were
associated with improved clinical outcomes (Fig. 2).19–22

Patients with all 4S-AF domains treated were associ-
ated with a 29% lower risk of mortality in EORP-AF
registry, and a 62% lower risk of composite outcome
of ischaemic stroke/systemic embolic events (SEEs),
heart failure, acute coronary syndrome, significant
coronary artery disease requiring coronary intervention
and mortality in APHRS registry.19,20 For Sb domain,
the AF burden should ideally be assessed via
www.thelancet.com Vol 37 February, 2024
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Fig. 1: CC to ABC—the standard of diagnosis, evaluation and integrated care management of AF. AF = atrial fibrillation; DOACs = direct oral
anticoagulants; ECG = electrocardiogram; VKA = vitamin-K antagonist; OACs = oral anticoagulants; TTR = time in therapeutic range. The figure
was redrawn and modified from 2020 ESC AF guidelines and 2021 focused update consensus guidelines of the APHRS on stroke prevention in
atrial fibrillation.8,9
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continuous monitoring, such as the atrial lead of the
pacemaker or insertable cardiac monitor. Prior study
showed significant interactions between the AF dura-
tion and CHA2DS2-VASc score regarding the risk of
ischaemic stroke/SEE.23 The stroke/SEE rates were low
in patients with a CHA2DS2-VASc score of 0–1
regardless of device-detected AF duration. However,
stroke risk crossed an actionable threshold defined as
Fig. 2: Effects of treatments according to 4S-AF scheme. Data in this fig

www.thelancet.com Vol 37 February, 2024
>1%/year in patients with a CHA2DS2-VASc score of 2
with >23.5 h of AF, those with a CHA2DS2-VASc score
of 3–4 with >6 min of AF, and patients with a
CHA2DS2-VASc score ≥5 even with no AF.23 Whether
information of AF burden could further guide the
stroke prevention strategy in AF patients with an “in-
termediate” CHA2DS2-VASc score deserves further
studies.
ure were adapted from the papers by Ding et al.19 and Chao et al.20
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The atrial fibrillation better care (ABC) pathway
The ABC pathway was proposed as a simple strategy
that streamlines primary and secondary care manage-
ment of patients with AF.7 The ABC pathway allows
early intervention in a simple and structured holistic
approach that is applicable whether the patient is
managed in primary or secondary care, by cardiologists
or non-cardiologists. This issue is important since
several previous studies demonstrated that AF patients
diagnosed or cared by cardiologist had a better outcome
compared to non-cardiologist, probably owing to a
higher rate of appropriate stroke prevention with OACs
and better rate control or rhythm control treatments.24–26

Actually, nurse-led care of patients with AF is superior
to usual care provided by a cardiologist in terms of
cardiovascular hospitalizations and cardiovascular mor-
tality,27 which emphasized the importance of multidis-
ciplinary AF management including specialist nurses as
part of holistic AF care.

The evidence-based ABC pathway has now been
investigated in various retrospective analyses, prospec-
tive cohorts and post-hoc analyses of trial cohorts,28,29 as
well as one published prospective randomized
controlled trial (RCT), the mAFA-II trial.30 In a system-
atic review and meta-analysis of over 285,000 patients,
adherence or compliance with the ABC pathway was
present in 21%, which translated to a 58% reduction in
all-cause death, 63% reduction in cardiovascular death, a
45% reduction in ischaemic stroke, and a 31% reduction
in major bleeding (Fig. 3).29 Ongoing prospective RCTs
with the ABC pathway such as the Horizon Europe
funded AFFIRMO programme31 and the MIRACLE-AF
(ClinicalTrials.gov NCT04622514) will provide further
trial evidence.
Fig. 3: Impacts of adherence to the ABC pathway on clinical outcomes in
Romiti et al.29
“A” domain of the ABC pathway
The A domain in the ABC pathway includes 3 steps for
stroke prevention in AF (Fig. 1).

Step 1: Identify low risk patients. Step 2: Offer stroke
prevention to patients with one or more risk factors for
stroke. Assess bleeding risk. Step 3: Decide on OACs
(either a direct oral anticoagulant [DOAC] [preferred] or
vitamin K antagonist [VKA] with well-managed time in
the therapeutic range [TTR])

Current concepts in stroke risk assessment
Many attempts over the years have tried to identify
better ways to define or identify the high risk patients
who could be targeted for oral anticoagulant therapy.
Currently, the recommended scoring scheme for stroke
risk assessment has shifted from the CHADS2 to
CHA2DS2-VASc score (Table 1), aiming at facilitating
decision-making for stroke prevention. There are several
issues which should be clarified regarding the use of the
scoring scheme.

First, the impact of a particular risk factor is very
often defined at baseline and used to predict the risk of
stroke remotely, such as five or ten years later. There is
increasing evidence showing that the risk is not static
and actually is dynamic depending on ageing, acquire-
ments of incident comorbidities as well as being altered
by polypharmacy and risk factor management.32 Hy-
pertension is the most commonly acquired new stroke
risk component, followed by age≥65, heart failure, dia-
betes mellitus and vascular diseases (Fig. 4).33 Both
follow-up CHA2DS2-VASc and delta-CHA2DS2-VASc
scores (the difference between the baseline and follow-
up scores) had better predictive values compared to
the baseline CHA2DS2-VASc score assessed by C-
AF patients. The figure was redraw and modified from the paper by
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CHA2DS2-VASc score–Risk factors and definitions Point awarded

C Congestive heart failure
Clinical HF, or objective evidence of moderate to severe LV dysfunction, or HCM

1

H Hypertension or on antihypertensive therapy 1

A Age 75 years or older 2

D Diabetes mellitus
Treatment with oral hypoglycemic drugs and/or insulin or fasting blood glucose >125 mg/dL (7 mmol/L)

1

S Stroke
Previous stroke, TIA, or thromboembolism

2

V Vascular disease
Angiographically significant CAD, previous myocardial infarction, PAD, or aortic plaque

1

A Age 65–74 years 1

Sc Sex category (female) 1

Maximum score 9

HAS-BLED score–Risk factors and definitions

H Uncontrolled hypertension
SBP >160 mmHg

1

A Abnormal renal and/or hepatic function
Dialysis, transplant, serum creatinine >200 mmol/L, cirrhosis, bilirubin >x 2 upper limit of normal, AST/ALT/ALP >3 x upper limit of
normal

1 point for each

S Stroke
Previous ischaemic or hemorrhagic stroke

1

B Bleeding history or predisposition
Previous major haemorrhage or anemia or severe thrombocytopenia

1

L Labile INR
TTR < 60% in patient receiving VKA

1

E Elderly
Aged > 65 years or extreme frailty

1

D Drugs or excessive alcohol drinking
Concomitant use of antiplatelet or NSAID; and/or excessive alcohol per week

1 point for each

Maximum score 9

The table was based on 2020 ESC AF guidelines.8 ALP = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate aminotransferase; CAD = coronary artery
disease; HCM = hypertrophic cardiomyopathy; HF = heart failure; INR = international normalized ratio; LV = left ventricle; NSAID = non-steroidal anti-inflammatory drug;
PAD peripheral artery disease; SBP = systolic blood pressure; TIA = transient ischaemic attack; TTR = time in therapeutic range; VKA = vitamin K antagonist.

Table 1: CHA2DS2-VASc and HAS-BLED scores.

Fig. 4: Incident stroke risk factors and the predictive accuracies of baseline, follow-up and delta CHA2DS2-VASc scores. AUC = area under the
curve; F = female; M = male. The figure was redrawn, and data were adapted from the papers by Chao et al.33,34
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statistics34 (Fig. 4). For patients with an initial CHA2DS2-
VASc score of 0 (males 1) or 1 (females), around 11.2%
of men and 11.1% of women would have a CHA2DS2-
VASc score of at least 1 (men) or 2 (women) at 6 months
after incident AF.34 The 2020 ESC AF guidelines rec-
ommended that the first reassessment of stroke risk
should be made 4–6 months after the index evaluation,
while the 2021 APHRS recommended that the stroke
risk of AF patients should be re-assessed at least every
year and every 4 months if possible.8,9 This is particu-
larly important for initially low-risk patients who did not
receive OACs since OACs should be prescribed once
their CHA2DS2-VASc scores increased. Even for pa-
tients who were already under anticoagulation, the
compliance and adherence of OACs should be further
emphasized because an increase in the CHA2DS2-VASc
score would result in a higher stroke risk.

With the availability of sophisticated tools like artifi-
cial intelligence and machine learning, the stroke risk
stratification can currently account for changing multi-
morbidity and the dynamic nature of risk factors which
would be helpful in the decision-making process for risk
assessment.35,36 Even then, clinical risk scores only have
modest predictive values for identifying high risk pa-
tients. There were some complicated scoring schemes
proposed, either by considering more clinical risk fac-
tors or including biomarkers (whether urine, blood or
imaging) which may show statistically significant but
actually very marginal change of the c-index. It should
be emphasized that statistical significance is not the
same as clinical significance, which needs to be
balanced against practical application in busy clinical
scenarios. Currently, the role of stroke scoring scheme
is to identify patients at low stroke risk and stroke pre-
vention therapies are not necessary.1,2

Does female sex matter? Using CHA2DS2-VASc or
CHA2DS2-VA
Female sex is a stroke risk modifier rather than a stroke
risk factor per se.37 In patients with 1 or more stroke risk
factors, being women adds to the stroke risks compared
to men.37,38

In a meta-analysis of published studies, women are
associated with a higher risk of all-cause mortality
(relative risk 1.12, 95% CI 1.07–1.17), cardiovascular
mortality (1.93, 1.44–2.60), stroke (1.99, 1.46–2.71),
cardiac events (1.55, 1.15–2.08), and heart failure (1.16,
1.07–1.27) compared to men.39 Importantly, AF women
not only have an increased risk of stroke but also
experience more severe strokes compared to men.40 In
the Tasmanian AF Study (TAFS), female sex was an
independent negative predictor of OAC prescriptions
(OR 0.83; 95% CI 0.69–0.99).41 The recognition and
awareness of AF women having other risk factors as a
high risk population may overcome the gap of OAC use.

There were few studies actually validating the use of
CHA2DS2-VA (i.e., excluding the female sex criterion,
putatively for ‘simplicity’ reasons) as an alternative to
CHA2DS2-VASc score.42,43 As mentioned above, these
studies showed only a very marginal improvement of
predictive accuracy assessed by c-index (still around or
even lower than 0.7). Also, there were several method-
ological limitations. For example, the analyses were
performed based on baseline risk factors without ac-
counting for dynamic changes and the assessments only
focused on non-anticoagulated patients at baseline
without considering the OAC initiation during the
follow up. Therefore, the CHA2DS2-VASc rather than
CHA2DS2-VA scores should be the preferred scoring
scheme for stroke risk assessment.

Patients with a CHA2DS2-VASc score of 1 (men) or 2
(women)
The default setting for stroke prevention is to provide
OACs (preferred DOACs) for every AF patient unless
they are low risk for stroke (a CHA2DS2-VASc score of
0 for men or 1 for women). Based on this concept, the
international guidelines recommended no antith-
rombotic therapy for AF patients with a CHA2DS2-VASc
score of 0 (men) or 1 (women), and OACs should be
prescribed for those with a CHA2DS2-VASc score ≥2
(men) or ≥3 (women). However, whether OACs should
be prescribed for AF patients with single stroke risk
factor beyond gender, that is score 1 for men or 2 for
women, is less clear as such patients only represented a
small subgroup of the RCTs and other evidence comes
from observational cohorts suggesting that the net
clinical benefit remains in favour of DOACs.44–47

Although the ESC guidelines recommended the use
of OACs as a class IIa recommendation for this popu-
lation,8 it was only listed as a class IIb recommendation
in 2019 American College of Cardiology (ACC) and
American Heart Association (AHA) guidelines.48

Different from ESC and ACC/AHA, the APHRS
guidelines9 provided a detailed recommendation about
different age thresholds to initiate DOACs for patients
with different single comorbidity (Fig. 5). Based on the
tipping point of initiations of DOACs set at a stroke risk
of 0.9%/year without OACs, the age thresholds were 35
years for heart failure, 50 for hypertension or diabetes,
and 55 for vascular diseases.49 Individual discussion and
shared decision making is needed, and consideration of
AF burden may also be factored into the discussion.

Bleeding risk assessment
Like stroke risk, bleeding risk is also highly dynamic,
and is an interaction between non-modifiable and
modifiable bleeding risk factors.50 Importantly, bleeding
risk assessment is to address and mitigate modifiable
bleeding risk factors, and to identify high bleeding risk
patients for early review and follow-up.50,51

There are various bleeding risk scores that have been
published.51 The systematic review and evidence
appraisal concluded that the HAS-BLED score (Table 1)
www.thelancet.com Vol 37 February, 2024
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Fig. 5: Recommendations about stroke prevention in ESC, ACC/AHA and APHRS guidelines. ACC/AHA = American College of Cardiology/
American Heart Association; APHRS = Asia Pacific Heart Rhythm Society; ESC = European Society of Cardiology; DOACs = direct oral antico-
agulants; OACs = oral anticoagulants.
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provided the best prediction for bleeding risks.52

Although some complex clinical scores and biomarker-
based bleeding risk schemes were proposed, there is
little evidence showing that they could confer added
advantage in the real world practice. Again, a statistical
significance is not the same as significant practical
application.

The HAS-BLED score is recommended in guidelines
and has been tested in the prospective mAFA-II trial
which was a prospective cluster randomised trial where
patients were managed in usual care or intervention
clusters. In the intervention group, a mobile health
(mHealth) app with ABC pathway implemented was
adopted, and the HAS-BLED score was used to identify
and mitigate modifiable bleeding risk factors. What this
trial showed was that in the usual care arm, the major
bleeding rate at 12 months was 4.3%, while in the
intervention arm, the major bleed rate at 12 months was
2.1%.53 In the usual care arm, the use of OACs (either
VKAs or DOACs) declined from 58.8% to 34.4% by 12
months. In contrast, oral anticoagulation uptake
increased from 63.4% to 70.2% in the intervention arm
whereby bleeding risk factors were well managed for
high bleeding risk patients.53

The same as stroke risk, the HAS-BLED score would
change over time with the hypertension being as the
most commonly incident bleeding risk factor54 (Fig. 6).
Also, the accuracies of the follow-up or delta HAS-BLED
www.thelancet.com Vol 37 February, 2024
scores in the prediction of major bleeding were signif-
icantly higher than that of the baseline HAS-BLED
score55 (Fig. 6). A frequently encountered clinical sce-
nario is the increment of the HAS-BLED score of AF
patients who were already under OACs. In a recent
report, around 22.2% of anticoagulated AF patients who
had a baseline HAS-BLED score of 0–2 wound have an
increasing HAS-BLED score to ≥3 at 1 year.54 Patients
who kept on OACs even after their HAS-BLED scores
increased to ≥3 were associated with a lower risk of
ischaemic stroke (hazard ratio [HR] 0.60; 95% CI
0.53–0.69), major bleeding (HR 0.78; 95% CI
0.67–0.91), all-cause mortality (HR 0.88; 95% CI
0.79–0.97), and any adverse events (HR 0.75; 95% CI
0.68–0.82). Therefore, for patients who were initially or
become high bleeding risk, the evidence suggests that
we should try to correct modifiable bleeding risk factors
and schedule them for early review and follow-up, rather
than withholding or discontinuing OACs (Fig. 7).

Of note, the CHA2DS2-VASc and HAS-BLED
schemes share some risk factor components, and there-
fore, they would co-distribute to some degree.58 Overall,
only around 10% of AF patients had a CHA2DS2-VASc
score of 0 (males) or 1 (females), and 40.2% had a low
risk of bleeding (HAS-BLED score 0–2) (Fig. 8). Most
importantly, although these 2 scoring schemes were
correlated, there were not exchangeable. For AF patients
with a single stroke risk factor (CHA2DS2-VASc score of
7
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Fig. 6: Incident bleeding risk factors and the predictive accuracies of baseline, follow-up and delta HAS-BLED scores. AUC = area under the curve.
The figure was redrawn, and data were adapted from the papers by Chao et al.54,55
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1 for males or 2 for females), still around 18.3% of them
were at high bleeding risk (HAS-BLED score ≥3).58 Even
among these patients, the use of OACs was associated
with a lower risk of composite adverse events of ischae-
mic stroke, intracranial haemorrhage (ICH), or mortality
(4.19/100 person-years vs. 5.22/100 person-years, HR
0.78; 95% CI 0.62–0.99).58 Therefore, a high bleeding risk
Fig. 7: Risk assessment and re-assessment in AF. AF = atrial fibrillation;
anticoagulants; TTR = time in therapeutic range. The figure was redrawn
is not a reason to not to prescribe OACs, as recom-
mended in Fig. 7.

Obviously, stroke and bleeding risk assessments are
the central part of these 3 steps. Most international
guidelines recommended the use of CHA2DS2-VASc and
HAS-BLED scores to assess the risks of stroke and
bleeding for AF patients, respectively. The risks of
DOACs = direct oral anticoagulants; NR = not reported; OACs = oral
, and data were adapted from the papers by Chao et al.9,56,57

www.thelancet.com Vol 37 February, 2024
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Fig. 8: Distribution and co-distribution of CHA2DS2-VASc and HAS-BLED score. AF = atrial fibrillation; F = female; M = male. Data in this figure
were adapted from the paper by Chao et al.58
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ischaemic stroke (non-anticoagulated) and major bleeding
(anticoagulated) of different CHA2DS2-VASc and HAS-
BLED scores, for example, are shown in Fig. 7.56,57

Evidence for warfarin and DOACs for stroke
prevention in AF
In a meta-analysis of the historical trials, Hart et al.59 re-
ported that when compared with the control, adjusted-
dose warfarin (6 trials, 2900 participants) and antiplatelet
agents (8 trials, 4876 participants) reduced stroke by 64%
(95% CI 49%–74%) and 22% (95% CI 6%–35%), respec-
tively. Mortality was also reduced by warfarin, but not
antiplatelet therapy, when compared to control. Adjusted-
dose warfarin was substantially more efficacious than
antiplatelet therapy (relative risk reduction 39%; 95% CI
22%–52%) (12 trials, 12,963 participants).

The introduction of DOACs has significantly
increased the appropriate prescription rates of OACs
www.thelancet.com Vol 37 February, 2024
and improved the clinical outcomes of AF patients, even
in the elderly.60,61 In a meta-analysis of the phase 3 trials
of the DOACs, Ruff et al.62 reported that DOACs
significantly reduced stroke or systemic embolic events
by 19% compared with warfarin (RR 0.81, 95% CI
0.73–0.91), mainly driven by a reduction in haemor-
rhagic stroke (RR 0.49, 95% CI 0.38–0.64). DOACs also
significantly reduced all-cause mortality (RR 0.90, 95%
CI 0.85–0.95) and ICH (RR 0.48, 95% CI 0.39–0.59), but
increased gastrointestinal bleeding (RR 1.25, 95% CI
1.01–1.55).

In a recent report from the COMBINE AF (A
Collaboration Between Multiple Institutions to Better
Investigate Non-Vitamin K Antagonist Oral Anticoagu-
lant Use in Atrial Fibrillation) database, which includes
all patients randomized in the 4 pivotal trials of DOACs
versus warfarin in AF, standard-dose DOACs reduced
the risk of stroke/SEE by 19%, mortality by 8%,
9
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intracranial haemorrhage (ICH) by 55% compared to
warfarin.63 The advantages of DOACs over warfarin have
also been reported in different real-world cohorts.64,65 In
a recent study which focused on 8007 AF patients
staying well on warfarin for a median of around 7 years
without any events of ischaemic stroke or ICH, patients
who shifted from warfarin to DOACs were associated
with a lower risk of ischaemic stroke and major
bleeding.66

The contra-indications of DOACs include AF pa-
tients with mechanical heart valves or moderate to se-
vere mitral stenosis (MS). In the RE-ALIGN trial,
dabigatran resulted in a higher risk of bleeding and
thromboembolic events compared to warfarin in pa-
tients (around 23% had AF) who underwent mechanical
aortic- or mitral-valve replacement.67 For AF patients
with MS, there were no randomized trials to compare
DOACs and warfarin until the INVICTUS trial was
published.68 Although the INVICTUS trial enrolled AF
patients with rheumatic heart diseases rather than spe-
cifically targeting for MS, more than 80% of the study
population had moderate to severe MS, defined as a
valve area of less than 2.0 cm2. The results demon-
strated that rivaroxaban had a higher risk of composite
adverse events of stroke, SEE, myocardial infarction or
death from vascular or unknown causes (HR 1.25, 95%
CI 1.10–1.41).68 The better outcomes in warfarin group
may be due to the better care of warfarin users since the
study was not a double-blind one.

Importance of appropriate dosing of DOACs
Although frequent and routine monitoring of anticoag-
ulant effect is not required for DOACs, the DOACs
should be prescribed at the appropriate dosing accord-
ing to the dosing criteria defined in the randomized
trials. However, in the daily practice, clinical physicians
would prescribe DOACs at the dosing not on-labelling,
so-called “off-label or in-appropriate dosing”, for AF
patients. In the ORBIT-AF (Outcomes Registry for Bet-
ter Informed Treatment of Atrial Fibrillation) study,
around 13% of patients received DOACs at an inap-
propriate dosing (underdosing in 9.4% and overdosing
in 3.4%).69 The off-label dosing rate is higher in Asia, as
high as 32% (27% underdosing and 5% overdosing).70

Regional differences about the inappropriate dosing
rates of DOACs were clearly observed in the recent
report from global ETNA-AF program.71 For 26,823 AF
patients treated with edoxaban, the overall in-
appropriate dosing rate was 17.3% which seems to be
higher in South Korea/Taiwan (29.2%), followed by
Europe (17.0%) and Japan (14.9%).71 In a recent meta-
analysis, off-label underdosing of DOACs does not
reduce bleeding outcomes, and was associated with an
increased risk of all-cause mortality (HR 1.28, 95% CI
1.10–1.49).72 Among patients who experienced ischae-
mic stroke under OACs (breakthrough stroke), insuffi-
cient anticoagulation was identified as the possible
cause in 31.7% of patients,73 and prescriptions of off-
label low-dose DOACs were observed in 30.3% of
DOAC users.74 These reports highlight the importance
of prescribing the correct DOAC dose to improve clin-
ical outcomes in patients with AF.

Left atrial appendage occlusion or exclusion
Left atrial appendage occlusion (LAAO) is proposed to
be an interventional solution for AF patients at high
stroke risk who are deemed unable (actually not abso-
lutely contraindicated) or unwilling to take long-term
OAC, based on the presumption that much of the clot
occurs in the left atrial appendage and therefore LAAO
would reduce the risk of subsequent stroke. Nonethe-
less, the risk of stroke in AF is a systemic issue with the
presence of a prothrombotic state which may not be
easily prevented via “local” treatment. In addition, even
in the historical trials, vascular disease such as the
presence of complex aortic plaque on the descending
aorta was an independent predictor of the risk of
ischaemic stroke.75

The trials comparing LAAO to warfarin have tended
to show a reduction in the composite outcome, although
ischaemic stroke tended to be higher compared to
warfarin, but major bleeding was more common in
warfarin users (Table 2).76–78 Ongoing trials comparing
LAAO versus DOACs suggest that the overall net clin-
ical outcome was in favour of LAAO, but the trials have
been limited by relatively small numbers in comparison
to the huge phase 3 RCTs of DOACs.

In the LAAOS-III trial that enrolled participants with
AF who had undergone cardiac surgery, the risk of
ischaemic stroke or SSE was lower with concomitant
LAAO performed during the surgery than without it.79

Stroke or SEE occurred in 4.8% in the occlusion
group and 7.0% in the no-occlusion group (HR 0.67;
95% CI 0.53–0.85). Perioperative bleeding, heart failure,
or death was not significantly different between the trial
groups.
Stroke prevention with the B component of
the ABC pathway
While the use of OAC is essential to the A component of
the ABC pathway, adequate management of the B and C
components is complementary and additive to optimal
stroke prevention in patients with AF and one or more
stroke risk factors.7

The “B” component refers to better symptom control
with individualized patient-centred and symptom-
directed decisions on rate and rhythm control. The
historical AF trials comparing the strategy of rhythm
versus rate control in ‘all comers’ did not show any
significant difference between these 2 strategies
regarding the reduction of stroke in AF patients.80

However, in the recent EAST-AFNET4 trial (Early
treatment of Atrial fibrillation for Stroke prevention
www.thelancet.com Vol 37 February, 2024
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Trial Designa and cohort size Main findings

PROTECT-AF76 Watchman (n = 463) vs. Warfarin (n = 244) ▪ The primary efficacy endpointb 3.0 (95% CrI 1.9–4.5) vs. 4.9 (2.8–7.1), RR 0.62 (95% CrI 0.35–1.25)
▪ Primary safety events 7.4 (95% CrI 5.5–9.7) vs. 4.4 (2.5–6.7), RR 1.69 (95% CrI 1.01–3.19)

PREVAIL77 Watchman (n = 269) vs. Warfarin (n = 138) ▪ First co-primary efficacy endpointb 0.064 vs. 0.063, RR 1.07 (95% CrI 0.57–1.89)
▪ Second co-primary efficacy endpointc 0.025 vs. 0.020, risk difference 0.005 (95% CrI −0.019 to 0.027)
▪ Adverse events lower than in the PROTECT-AF (4.2% vs. 8.7%, p = 0.004)

PRAGUE-1778 LAAO device (n = 201) vs. DOAC (n = 201) ▪ The primary composite outcomed 10.99% vs. 13.42%, sHR 0.84 (95% CI 0.53–1.31), noninferiority P = 0.004
▪ Major LAAO-related complications occurred in 9 patients (4.5%)

PROTECT-AF, WATCHMAN Left Atrial Appendage System for Embolic PROTECTion in Patients With Atrial Fibrillation; PREVAIL, Evaluation of the WATCHMAN Left Atrial Appendage Closure Device in
Patients With Atrial Fibrillation Versus Long term Warfarin Therapy; PRAGUE, Left Atrial Appendage Closure vs. Novel Anticoagulation Agents in Atrial Fibrillation; CrI, Credible Interval; RR, Rate Ratio; sHR,
Subdistribution Hazard Ratio; CI, Confidence interval. DOAC = direct oral anticoagulants. aAll RCTs were noninferiority trials. bStroke, systemic embolism, and cardiovascular/unexplained death. cStroke or
systemic embolism >7 days after randomization. dStroke, transient ischaemic attack, systemic embolism, cardiovascular death, major or non-major clinically relevant bleeding, or procedure/device-related
complications.

Table 2: RCTs of LAAO—main findings.

Series
Trial), which compared early rhythm control versus
usual care in patients with AF diagnosed within 1 year
before enrolment, the primary outcome (a composite of
death from cardiovascular causes, stroke, or hospitali-
zation with worsening of heart failure or acute coronary
syndrome) was reduced by 21% in favour of early
rhythm control (HR 0.79, 95% CI 0.66–0.94).81 This
primary outcome reduction was driven by a reduction in
cardiovascular death from 1.3% to 1.0% (HR 0.72, 95%
CI 0.52–0.98) and a reduction in stroke from 0.9% to
0.6% (HR 0.65, 95% CI 0.44–0.97). Even in the sec-
ondary stroke prevention subgroup of the EAST-
AFNET4 trial, there was benefit clearly in favour of early
rhythm control, as shown in a prespecified exploratory
analysis of 217 patients with a history of prior stroke
randomized to early rhythm control (n = 110) or usual
care (n = 107).82

All patients randomized to early rhythm control arm
in the EAST-AFNET4 trial underwent rhythm control
using mostly antiarrhythmic drugs or, less frequently,
catheter ablation for AF (8% at baseline and 19.4% at 2-
year follow-up), while patients in the usual care arm
received a rhythm control therapy if symptomatic
despite rate control therapy.81 Treatment of concomitant
cardiovascular conditions and guideline-adherent OAC
were mandated in all EAST-AFNET4 patients, and in-
person follow-up visits at 1 and 2 years after randomi-
zation were combined with a mailed questionnaire
follow-up at 6-month intervals during the trial. In
addition, patients in the early rhythm control arm were
actively engaged with transmitting to the study team a
patient-operated single-lead electrocardiogram twice per
week and when symptomatic during the trial duration.

Depending on the data source, the proportion of
EAST-AFNET4-eligible patients in real-world cohorts
varies from 34.0% to 72.9% (Table 3).83–90 Translating
the EAST-AFNET4 trial to real-world practice has yiel-
ded inconsistent results (Table 3, [A]). The largest real-
world study of early rhythm control in AF published
to date, the nationwide cohort study from Taiwan
(n = 301,064 patients with first-diagnosed AF),
www.thelancet.com Vol 37 February, 2024
suggested that early rhythm control does reduce the risk
of stroke, heart failure, mortality, and acute myocardial
infarction and overall cardiovascular events when
compared to usual care, but most of the benefit was in
the first three months and also in the younger patients
with less comorbidities or structural heart disease (P int
<0.001).84

The relevance of optimal timing of rhythm control
treatment initiation (i.e., within or more than 1 year
after the diagnosis of AF) for outcome risk reduction has
also been shown in a Korean nationwide cohort study88,91

(Table 3, [A]). However, early rhythm control strategy in
patients with acute stroke and newly documented AF
was not significantly associated with reduction in
recurrent stroke in an RCT,89 and a secondary analysis of
the randomized AFFIRM (Atrial Fibrillation Follow-up
Investigation of Rhythm management) trial showed no
significant stroke, cardiovascular hospitalization or
mortality between rate or rhythm control among study
participants with first-diagnosed AF within 6 months of
study enrolment90 (Table 3, [B]). Thus, it remains un-
clear whether the benefits of early rhythm control
shown in the EAST-AFNET4 trial can be generalized to
patients receiving rhythm control treatment later after
the diagnosis of AF.

While the effects of early rhythm control were
consistent across various subgroups in the EAST-
AFNET4 main trial report,81 a pre-specified EAST-
AFNET4 sub-analysis showed a significant early rhythm
control benefit in patients with a greater comorbidity
burden (i.e., a CHA2DS2-VASc score ≥ 4) but not in
those with a CHA2DS2-VASc score <4 (P interac-
tion = 0.037).92 A recent real-world dataset analysis yiel-
ded similar results,93 whereas another real-world study
suggested that most of the benefit from early rhythm
control would be seen in younger patients with less
comorbidity or structural heart disease.84

Clearly, it is not a ‘one size fits all’ in terms of
reducing the risk of stroke. Actually, early rhythm con-
trol therapy was delivered on top of high oral anti-
coagulation rates and high use of rate control in both
11
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arms. The clinical benefits were achieved using variable
treatment patterns of antiarrhythmic drugs and AF
ablation, applied within guideline recommendations,
rather than a simplified and specific rhythm control
strategy.94
Stroke prevention with the C component of
the ABC pathway
Adverse atrial remodelling in patients with AF is pro-
moted by AF itself, as well as the underlying cardio-
vascular or other comorbidity, risk factors and unhealthy
lifestyle. Conceptually, early rhythm control intervention
to prevent the AF-associated remodelling might reduce
the risk of adverse cardiovascular events including
stroke, but comprehensive comorbidity management
and lifestyle optimisation (i.e., the C component of the
(A) Real-world studies

Study/Year Cohort size (N) Data source EAS
pati

Kim D et al., 2021 22,635 Korean NHI dataset NR

Kim D et al.83 2022 54,216 Korean NHI dataset 69.

Chao TF et al.84 2022 301,064 Taiwan NHI dataset NR

Proetti M et al.85 2022 10,707 ESC-EORP AF Gen LT
prospective registry

34.0

Dickow J et al.86 2022 109,739 A US administrative database 72.9

Kany S et al.87 2022 35,526 UK Biobank dataset 61.9

(B) RCT or RCT sub-study

Study Cohort size (N) Source Elig

Park J et al.89 The RAFAS
Trial, 2022

300
Acute stroke and
newly diagnosed
AF

RCT

Yang E et al.90 An
AFFIRM sub-study, 2021

2526 RCT

EAST, Early treatment of Atrial fibrillation for Stroke prevention Trial; NHI, National Heal
Acute myocardial infarction; ESC-EORP AF Gen LT, European Society of Cardiology - EUR
Randomized Controlled Trial; RAFAS, Risks and benefits of urgent rhythm control of Atri
AFFIRM, Atrial Fibrillation Follow-up Investigation of Rhythm management. aEAST-AFNE
≤12 months before enrolment) and who were older than 75 years of age, had had a pre
greater than 65 years, female sex, heart failure, hypertension, diabetes mellitus, severe co
stage 3 or 4 [glomerular filtration rate, 15–59 ml per minute per 1.73 m2 of body-surf

Table 3: Real-world studies and RCT sub-analyses comparing early rhythm co
ABC pathway) is also important for the reduction of AF
burden and may complement OAC for stroke preven-
tion in AF.95,96

This is clearly evident, for example, with respect to
the importance of blood pressure (BP) control with
optimal targets of 120–129 mmHg for systolic BP and
<80 mmHg for diastolic BP to reduce the risk of adverse
cardiovascular events, including stroke, bleeding, ICH,
and hospitalisation from heart failure.97,98 Hypertension
burden is also closely related to the risk of other AF-
associated complications such as dementia,99 and visit-
to-visit BP variability as a surrogate measure of the
quality of BP control has been associated with worse
outcomes in AF patients.

Comorbidities and cardiovascular risk factors are not
independent, but interact with each other thus further
potentiating substrate remodelling, AF progression and
T-eligiblea

ents % (N)
Main findings (The EAST-AFNET4 primary outcome,
unless otherwise specified)

▪ Rhythm control within 1 year from first AF diagnosis
HR 0.81; 95% CI 0.71–0.93

▪ Rhythm control > 1 year from first AF diagnosis
HR 0.97; 95% CI 0.78–1.20

3% (37,557)
▪ Eligible patients
HR 0.86; 95% CI 0.81–0.92
▪ Low risk patients
HR 0.81; 95% CI 0.66–0.98

▪ Ischaemic stroke aHR 0.85; 95% CI 0.81–0.90
▪ AMI aHR 0.92; 95% CI 0.88–0.96
▪ Mortality aHR 0.79; 95% CI 0.78–0.81

% (3774) HR 0.99; 95% CI 0.65–1.52

% (79,948)
▪ Ineligible patients
HR 0.77; 95% CI 0.60–0.98

▪ Eligible patients
HR 0.89; 95% CI 0.76–1.04

% (22,003) HR 0.87; 95% CI 0.72–1.04

ible Main findings

NA
▪ Recurrent IS in 3 months
HR 0.26; 95% CI 0.05–1.41
▪ Recurrent IS in 12 months
HR 0.25; 95% CI 0.06–1.00

NA
▪ Stroke
HR 1.06; 95% CI 0.70–1.62
▪ All-cause mortality
HR 0.88; 95% CI 0.73–1.07

th Insurance; NR, Not reported; HR, Hazard Ratio; aHR, adjusted Hazard Ratio; AMI,
Observational Research Programme AF General Long-Term; US, United States; RCT,
al Fibrillation in patients with Acute Stroke; NA, Not applicable; IS, ischemic stroke;
T4 eligibility criteria: adults (≥18 years of age) who had early AF (i.e., AF diagnosed
vious transient ischaemic attack or stroke, or met two of the following criteria: age
ronary artery disease, chronic kidney disease (Modification of Diet in Renal Disease
ace area]), and left ventricular hypertrophy (diastolic septal wall width, >15 mm).

ntrol versus usual care in patients with AF.
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adverse cardiovascular outcomes.100 Hence, the in-
terventions focusing on a single condition in a multi-
morbid patient might be less beneficial than a
comprehensive management. In the RACE 3 (Routine
vs. Aggressive risk factor driven upstream rhythm
Control for prevention of Early atrial fibrillation in heart
failure) RCT, for example, a structured intervention
addressing the underlying conditions in patients with
persistent AF and mild or moderate heart failure
significantly improved maintenance of sinus rhythm
and reduced total AF burden.101 Although RACE 3 trial
was not designed and powered to investigate the dif-
ference of stroke, a lower AF burden may be associated
with a lower risk of stroke and the concept has been
mentioned in the 2020 ESC AF guidelines.8,23 Similarly,
body weight reduction together with intensive risk factor
management resulted in a reduction in AF burden and
severity,102 whereas RCTs focusing on single condition
management failed to show a significant difference
(Table 4).103–109 Also, clustering of unhealthy lifestyles
(i.e., poor exercise, regular smoking, regular drinking)
in AF patients leads to a higher risk of major adverse
cardiovascular events including ischaemic stroke,
whereas healthy lifestyle behaviours was associated with
a significant reduction in the risk of ischaemic stroke.96

Good adherence to comorbidity and risk factor man-
agement is necessary to achieve optimal effects. Notably,
in the RACE 3 trial, the superiority of targeted therapy in
sinus rhythm maintenance could not be preserved at
5-year follow-up,110 which underscores the importance of
Study Cohort Cohort
size

Intervention/duratio

Abed et al.102

2013
Symptomatic paroxysmal or
persistent AF

N = 150 Weight loss, intensiv
regime, OSA therapy
T2DM control, smok

RACE 3101 2018 Persistent AF and HF N = 245 Weight loss, intensiv
regime/12 months

SORT-AF103

2021
Paroxysmal or persistent AF
undergoing AF ablation

N = 133 Weight loss, prescrib

Voskoboinik
et al.104 2021

Symptomatic paroxysmal or
persistent AF

N = 140 Alcohol abstinence o

SMAC-AF105

2017
BP > 130/180 mmHg
undergoing AF ablation

N = 184 Intense blood pressu

Malmo et al.106

2016
Symptomatic paroxysmal or
persistent AF

N = 51 Prescribed exercise re

Caples et al.107

2019
Persistent AF and AHI > 5 N = 25 OSA therapy with CP

Traaen et al.108

2021
Paroxysmal AF and AHI > 15 N = 109 OSA therapy with CP

Hunt et al.109

2022
Paroxysmal AF and AHI > 15 N = 83 OSA therapy with CP

AF, Atrial fibrillation; OSA, Obstructive sleep apnoea; CPAP, Continuous positive airway
hypopnoea Index.

Table 4: RCTs of risk factor modification to reduce AF recurrence and burden
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persistent efforts towards optimal comorbidity and risk
factor control.

The linkage of mobile health solutions and tele-
medicine could be helpful for risk factor management
such as BP control. Such a digital health intervention in
AF has been prospectively tested in the mAFA-II trial
and found to be associated with reduction in adverse
clinical events, including stroke.30 One ongoing trial in
Europe is undertaken as part of the AFFIRMO pro-
gramme,31 where AF patients with multimorbidity are
being managed according to an ABC pathway in a
cluster randomised trial, and digital health solutions will
be engaged in the management of elderly multimorbid
patients within the EHRA-PATHS research project.111
Special situations
Associated vascular diseases
Patients with AF may have associated vascular diseases,
and they may present with an acute coronary syndrome
requiring a percutaneous coronary intervention (PCI)/
stenting. Such patients require an initial course of triple
therapy (i.e., OAC, a P2Y12 inhibitor and aspirin),
which duration (1–4 weeks) should be tailored according
to individual patient bleeding and ischaemic risks (in
patients at particularly high bleeding risk, the aspirin
may be omitted from the start).8,112 Thereafter, a double
therapy (OAC plus a P2Y12 inhibitor, preferably clopi-
dogrel) should be continued for up to 12 months, fol-
lowed by OAC alone.8
n Outcome

e blood pressure reduction, prescribed exercise
with CPAP, alcohol abstinence or reduction,
ing cessation/15 months

Reduction in AF episodes
and symptoms

e blood pressure reduction, prescribed exercise Reduction in AF
recurrence and burden

ed exercise regime/12 months No difference in AF
recurrence

r reduction/6 months Reduction in AF
recurrence

re reduction No difference in AF
recurrence

gime/3 months Reduction in AF burden
and symptoms

AP/12 months No difference in AF
recurrence

AP/5 months No difference in AF
burden

AP/12 months No difference in AF
recurrence

pressure; T2DM, Type 2 Diabetes mellitus; HF, Heart failure; AHI, Apnoea—

.
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The paradigm shift towards shortening of the com-
bined antithrombotic therapy in patients with AF un-
dergoing primary or elective PCI/stenting is based on
the evidence from five safety RCTs113–117 showing that: i)
OAC plus a P2Y12 inhibitor (mostly clopidogrel) is
associated with significantly lower risk of bleeding
complications compared with triple therapy and ii)
DOACs are associated with significantly less bleeding
compared to VKA in any combined antithrombotic
therapy regimen. While none of these RCTs was pow-
ered to assess ischaemic outcomes, several meta-
analyses of the RCT suggested that omitting aspirin
very early after an acute coronary syndrome with PCI/
stenting might be associated with some increase in the
ischaemic risk, thus supporting individualised treat-
ment decision-making.118,119

Some AF patients with ischaemic strokes have
associated large vessel diseases such as carotid disease
that can be managed with OAC monotherapy, as there is
no impact on recurrent stroke or mortality, but a sub-
stantial increase in the risk of major bleeding including
ICH by the use of combination therapy.120

Elderly
The elderly patients with AF represent a management
problem, as there still appears to be substantial under-
treatment of these patients in clinical practice. Clinical
trial data support the proactive stroke prevention of
elderly AF patients. The BAFTA trial showed that AF
patients aged ≥75 benefited from warfarin compared to
aspirin, in terms of reducing the risk of the primary
outcome.121 In the ELDERCARE-AF trial of very elderly
Japanese DOAC-eligible patients with AF who were not
appropriate candidates for standard doses of OAC,
edoxaban 15 mg once-daily was superior to placebo in
preventing stroke or SSE and did not result in a
significantly higher incidence of major bleeding.122

In a large study of patients with AF aged ≥80 years,
the proportion of anticoagulated patients increased over
recent years (mostly due to increasing uptake of
DOACs) but the substantial proportion of these patients
(56.4%) remain non-anticoagulated.123 The use of
DOACs compared to no OAC was particularly associ-
ated with a reduction in stroke, mortality and dementia.
With the use of warfarin, there was no difference in
stroke but a reduction in mortality and dementia was
observed. When a DOAC was compared to warfarin,
there was a clear advantage of DOAC for the reduction
of stroke, mortality and dementia with less bleeding
(Table 5).123

In another observational cohort of extreme elderly
patients (age >90) with high risk of bleeding (a history of
ICH, gastrointestinal bleeding, or chronic kidney dis-
ease), compared with no OAC, warfarin was associated
with a higher risk of the composite endpoint (HR 1.16;
95% CI 1.05–1.29), whereas DOACs were associated
with a lower risk (HR 0.76; 95% CI 0.70–0.83).124
Beneficial effects of OAC (particularly DOACs) has
also been observed in several real-world studies.125

Importantly, when using a DOAC in elderly patients
with AF, adequate dosing as per the drug label should
be chosen to avoid unnecessary complications.126

Atrial high rate episode
Another question of concern is what to do with atrial
high-rate episodes (AHRE) detected by cardiac
implantable electronic devices (CIED) in patients
without clinically diagnosed AF.8 Indeed, subclinical AF
is a challenging paradigm, especially since the burden of
AF is very often heterogenous and varying from period
to period. Furthermore, many studies have shown that
an episode of AHRE is not temporarily associated with
the thromboembolic events. Two clinical trials, the
NOAH (NCT02618577) and ARTESiA (NCT01938248),
are conducted to investigate the use of a DOAC
compared to control in terms of managing these pa-
tients with AHRE on CIED. Just recently, the results of
NOAH-AFNET 6 were published, showing that anti-
coagulation with edoxaban did not significantly reduce
the incidence of a composite of cardiovascular death,
stroke, or SSE as compared with placebo, but it led to a
higher incidence of a composite of death or major
bleeding.127 The results of ARTESiA trial would provide
more insights related to the managements of patients
with AHREs.

AF ablation
For AF patients undergoing AF ablations, DOACs are at
least as effective and safe as warfarin during the peri-
ablation period.128 The important question is whether
OACs should be continued after AF ablation for patients
without evidence of AF recurrence after the blanking
period. Based on current guidelines, the use of OACs or
not after AF ablation should be determined according to
patients’ CHA2DS2-VASc scores rather than AF status
under the concern that a considerable proportion of
recurrent asymptomatic AF would not be detected but
may still result in stroke.8,9 However, these recom-
mendations are mainly expert opinions and not sup-
ported by randomized trials. Results of several trials,
such as OCEAN (NCT02168829) and ALONE AF
(NCT04432220), may be able to answer this question in
the future.

Breakthrough stroke
Even on OACs, some patients would still suffer from
ischaemic stroke. The annual risk of breakthrough
stroke in DOAC arms of 4 pivotal trials are as the
following: 1.34% in dabigatran 110 mg, 0.92% in dabi-
gatran 150 mg, 1.7% in rivaroxaban, 0.97% in apixaban,
1.25% in edoxaban (60/30 mg) and 1.77% in edoxaban
(30/15 mg).129 Patients with AF and ischaemic stroke
while on OAC are at increased risk of recurrent
ischaemic stroke (7% at 1 year) and death (12.4% at 3
www.thelancet.com Vol 37 February, 2024
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Outcome Comparison

DOAC vs. no OAC Warfarin vs. no OAC DOAC vs. Warfarin

HR 95% CI HR 95% CI HR 95% CI

Dementia 0.68 0.65–0.71 0.76 0.73–0.79 0.90 0.86–0.93

All-cause mortality 0.49 0.48–0.50 0.67 0.66–0.68 0.74 0.72–0.76

Ischaemic stroke 0.87 0.83–0.91 0.99 0.95–1.04 0.86 0.82–0.90

Major bleeding 1.08 1.05–1.11 1.05 1.03–1.07 0.88 0.85–0.90

DOAC, direct oral anticoagulant; OAC, Oral anticoagulant; HR, Hazard Ratio; CI, Confidence Interval.

Table 5: Comparisons of no OAC, Warfarin and DOAC in patients with AF aged ≥80 years.123

Series
months).130 Several studies reported the associations
between the changes of OACs after stroke but showed
different results.131–133 The study based on Taiwan in-
surance database demonstrated that DOAC-switch was
associated with a lower risk of major cardiovascular
events compared with the DOAC-same group (HR 0.78,
95% CI, 0.62–0.99).133 However, another study from
Hong Kong showed that DOAC-switch was associated
with an increased risk of recurrent ischaemic stroke
(HR 1.62, 95% CI 1.25–2.11) compared with DOAC-
same.132 In the DOAC-same group, adjunctive anti-
platelet agent was not associated with a reduced risk of
recurrent ischaemic stroke.132 In the pooled analysis of 7
prospective cohort studies showed that OAC-change was
not associated with decreased risk of stroke (HR 1.2,
95% CI 0.7–2.1) compared with OAC-unchanged.131

These diverse results may suggest that the detailed
reasons underlying the breakthrough stroke are multi-
factorial, including insufficient anticoagulation (subop-
timal INR level or underdosing of DOACs), competing
mechanism not related to AF (such as large artery
atherosclerosis, small vessel disease, patent foramen
ovale/atrial septal defect, etc.), advanced atrial dysfunc-
tion or left ventricular systolic dysfunction, etc.73,129

Comprehensive evaluations and shared decision mak-
ing are necessary to determine the subsequent stroke
prevention strategy.

Survivors of ICH
Survivors of ICH had a higher risk of both subsequent
stroke and ICH events,134 and use of OAC or not is a
difficult issue. In the Start or STop Anticoagulants
Randomised Trial (SoSTART), 203 AF patients were
randomly assigned at a median of 115 days (inter-
quartile range 49–265) after ICH (101 were assigned to
start and 102 to avoid OAC). After a median follow-up of
1.2 years, starting oral anticoagulation was not non-
inferior to avoiding oral anticoagulation: eight (8%) of
101 in the start group versus four (4%) of 102 in the
avoid group had ICH recurrences (HR 2.42, 95% CI
0.72–8.09).135 In another Apixaban versus no anti-
coagulation after anticoagulation-associated intracere-
bral haemorrhage in patients with atrial fibrillation
(APACHE-AF) trial which recruited 101 patients at a
www.thelancet.com Vol 37 February, 2024
median of 46 days (interquartile range 21–74) after ICH,
non-fatal stroke or vascular death occurred in 13 (26%)
participants allocated to apixaban (annual event rate
12.6%, 95% CI 6.7–21.5) and in 12 (24%) allocated to
avoid anticoagulation (11.9%, 95% CI 6.2–20.8; HR
1.05, 95% CI 0.48–2.31) without significant difference
(p = 0.90).136 Since these 2 trials were underpowered to
answer this issue, further large-scale randomized trials
are necessary.

End-stage renal disease
Stroke prevention in AF patients with end-stage renal
disease (ESRD) is challenging due to the lacking of high-
quality data. There were three published randomized
trials (2 for apixaban and 1 for rivaroxaban) comparing
the efficacy and safety of DOACs and warfarin among
AF patients with ESRD undergoing hemodialysis.137–139

Apixaban at the dosing either following the criteria
defined in the ARISTOTLE trial or fixed 2.5 mg bid
showed similar bleeding risk to warfarin,138,139 while
rivaroxaban (10 mg/day) significantly reduced the risk of
life-threatening and major bleeding compared to
warfarin.137 However, all these 3 trials were limited by
the small sample size and the high premature/perma-
nent discontinuation rate of anticoagulation, and more
data are required to understand this issue.

Factor XI inhibitors
Factor XI inhibitors are “novel” OACs which may poten-
tially provide new choice for stroke prevention in AF. The
results of the phase II study, the PACIFIC-AF trial, showed
that the FXIa inhibitor asundexian at doses of 20 mg and
50 mg once daily resulted in lower rates of bleeding
compared with standard dosing of apixaban, with near-
complete in-vivo FXIa inhibition.140 Currently, the phase
III trials of asundexian (OCEANIC-AF; NCT05643573) and
milvexian (LIBREXIA-AF; NCT05757869) are ongoing.

Conclusion
Evidence-based management of AF patients following
the ABC integrated care pathway has been associated
with a lower risk of stroke and other adverse events.
Risk assessment, re-assessment and use of DOACs are
15
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Search strategy and selection criteria

References for this Review were identified through searches of PubMed with the
search terms “atrial fibrillation”, “stroke prevention”, “oral anticoagulant”, and
“bleeding” from 2000 until May, 2023. Articles were also identified through searches
of the authors’ own files. Only papers published in English were reviewed. The final
reference list was generated on the basis of originality and relevance to the broad
scope of this Review.

Series

16
central to stroke prevention in AF. Well-controlled
comorbidities and healthy lifestyles also plan an
important role to achieve a better outcome. Digital
health solutions are increasingly relevant in the diag-
nosis and management of patients with AF, with the
potential to improve stroke prevention.
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