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ABSTRACT: Growing evidence suggests a consistent association between atrial fibrillation (AF) and cognitive impairment and
dementia that is independent of clinical stroke. This report from the AF-SCREEN International Collaboration summarizes
the evidence linking AF to cognitive impairment and dementia. It provides guidance on the investigation and management of
dementia in patients with AF on the basis of best available evidence. The document also addresses suspected pathophysiologic
mechanisms and identifies knowledge gaps for future research. Whereas AF and dementia share numerous risk factors, the
association appears to be independent of these variables. Nevertheless, the evidence remains inconclusive regarding a direct
causal effect. Several pathophysiologic mechanisms have been proposed, some of which are potentially amenable to early
intervention, including cerebral microinfarction, AF-related cerebral hypoperfusion, inflammation, microhemorrhage, brain
atrophy, and systemic atherosclerotic vascular disease. The mitigating role of oral anticoagulation in specific subgroups (eg,
low stroke risk, short duration or silent AF, after successful AF ablation, or atrial cardiopathy) and the effect of rhythm versus
rate control strategies remain unknown. Likewise, screening for AF (in cognitively normal or cognitively impaired patients)
and screening for cognitive impairment in patients with AF are debated. The pathophysiology of dementia and therapeutic
strategies to reduce cognitive impairment warrant further investigation in individuals with AR Cognition should be evaluated
in future AF studies and integrated with patient-specific outcome priorities and patient preferences. Further large-scale
prospective studies and randomized trials are needed to establish whether AF is a risk factor for cognitive impairment,
to investigate strategies to prevent dementia, and to determine whether screening for unknown AF followed by targeted
therapy might prevent or reduce cognitive impairment and dementia.

Key Words: atrial fibrillation ® cognitive dysfunction ® dementia

risk of cognitive impairment and dementia.'~"® Whether ~ with population aging worldwide. Projections indicate that

I ndividuals with atrial fibrillation (AF) are at increased alence of both dementia and AF is expected to increase
the link is causal is an unanswered question. The prev-  the number of individuals with AF will increase by 150%
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Nonstandard Abbreviations and Acronyms

AF atrial fibrillation

ARIC Atherosclerosis Risk in

Communities

congestive heart failure

(1 point), hypertension (1

point), age >75 (2 points),

diabetes (1 point), previous

stroke or TIA (2 points)

CHA,DS,VASc score congestive heart failure
(1 point), hypertension (1
point), age >75 (2 points),
diabetes (1 point), previous
stroke or TIA (2 points),
vascular disease (1 point),
age 65 to 74 (1 point), and
sex (female; 1 point)

CHADS, score

CSVD cerebral small vessel disease

DOAC direct oral anticoagulant

MoCA Montreal Cognitive
Assessment

MRI magnetic resonance imaging

NT-proBNP N-terminal pro—B-type natri-
uretic peptide

OAC oral anticoagulation

TIA transient ischemic attack

VKA vitamin K antagonist

in the next 4 decades and that the incidence of dementia
will double with every 5.9-year increase in age, reaching
>75 million people worldwide by 2030 and >135 mil-
lion by 2050.""'2 AF and dementia will therefore exert an
increasing health and economic toll.

The AF-SCREEN International Collaboration was
founded in 2015 with the purpose of promoting dis-
cussion and research about screening for unknown or
undertreated AF to reduce stroke and death and to advo-
cate for implementation of country-specific AF screen-
ing programs (www.afscreen.org). The collaboration
includes >170 physicians (cardiologists, electrophysiolo-
gists, primary care physicians, stroke neurologists, and
geriatricians), nurses, allied health professionals, epide-
miologists, health economists, and patient group repre-
sentatives from 37 countries. Between 2020 and 2021,
46 expert members of the AF-SCREEN International
Collaboration prepared a document outlining the current
knowledge of AF and dementia. In September 2020, 90
members (including the 46 members of the writing com-
mittee) discussed the draft document and critical gaps
at the Virtual AF-SCREEN International Collaboration
Meeting. Key points were determined using a Delphi
process and retained if agreement was >85%. Complete
details of the online survey results from 115 members
are provided in Supplemental Material 1.
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Numerous observational studies over the past 10
years, including several meta-analyses, provide growing
evidence that AF is associated with cognitive impairment
and dementia, even in the absence of clinically overt
previous stroke? 912 (Table S1). However, many studies
included in the meta-analyses are small, are cross-sec-
tional, have short follow-up, or were conducted in highly
selected populations (eg, primarily the White population
or hospitalized patients). Other important issues pertain
to the tools used to assess both cognition and AF and
the variability of risk factors over time. Several observa-
tional studies have considered the presence of risk fac-
tors at baseline without considering the emergence of or
change in risk factors during follow-up in a time-depen-
dent fashion. Therefore, direct comparison between
studies is difficult. Furthermore, the relationship between
AF and dementia is complex, because they share epi-
demiologic similarities and several risk factors such as
advanced age, arterial hypertension, diabetes, hyperlipid-
emia, sleep apnea, coronary artery disease, heart failure,
chronic kidney disease, obesity, physical inactivity, and
excessive alcohol consumption.'*'® [t is therefore perti-
nent to question whether the association between AF
and cognitive impairment/dementia could be explained
by shared pathophysiology or whether AF is implicated
in the causal pathway (Table 1). The association between
AF and cognitive impairment/dementia seems to persist
even after adjusting for known risk factors®''8'" and is
stronger in younger patients compared with older patients
with a higher burden of shared risk factors, which would
not be expected if the association was purely attributable
to confounding.” Two other factors favoring causality are
temporality (ie, AF preceding cognitive decline) and a
biological gradient between AF burden (ie, time since
diagnosis and proportion of time spent in AF, discussed
later) and cognitive impairment.”®16'8 The objective of this
report is to review the current understanding of the rela-
tionship between AF and cognitive impairment/demen-
tia, treatment, and potential value of early AF detection
by screening. Our aim is to identify knowledge gaps to
focus research efforts to prevent or delay the onset of
cognitive impairment/dementia associated with AF.

Table 1. Factors Favoring Causality or Not

Shared, potentially

Factors favoring causality confounding risk factors

Association stronger in younger patients Age

Association persists after adjustment with
known risk factors

Arterial hypertension

Increased risk of dementia with longer time in | Diabetes
AF (time since diagnosis and type of AF)

Coronary artery disease

Temporality Excessive alcohol consumption

Heart failure

Hyperlipidemia

AF indicates atrial fibrillation.
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PROPOSED MECHANISMS UNDERLYING
ASSOCIATION OF AF AND COGNITIVE
DYSFUNCTION

The association between AF and cognitive dysfunction
(Figure 1) is likely multifactorial, and several mecha-
nisms have been proposed. Whereas the primary driver
of AF-induced cognitive impairment appears to be ce-
rebral infarction, other proposed mechanisms include
AF-related cerebral hypoperfusion, inflammation, mi-
crohemorrhage, and brain atrophy or systemic athero-
sclerotic vascular disease.'®

Clinically Manifest Ischemic Stroke and Silent
Cerebral Infarcts

By definition, stroke refers to a clinically overt and persis-
tent focal neurologic deficit. AF is associated with a 4- to
B-fold increased risk of ischemic stroke, and ~30% to 35%
of ischemic strokes may be related to AF2° Stroke-related
cognitive impairment may be the result of single strategic
infarcts, multiple territorial or small infarcts, or secondary
neurodegeneration.' Stroke considerably increases the
risk of dementia, with incidence rates of new-onset de-
mentia reported from 24% within 3 years after stroke to
33% within 5 years.?’ A meta-analysis of 7 studies showed
that the presence of AF more than doubled the risk of de-
veloping dementia after stroke (odds ratio 2.4).2

In addition to manifest ischemic stroke, silent or
covert brain cardioembolism may contribute to cogni-

Atrial Fibrillation and Dementia

tive decline. In a meta-analysis, AF was associated with
a 2.6-fold increased risk of silent cerebral infarcts.’
Cross-sectional and longitudinal studies have shown
that silent cerebral infarcts are associated with future
stroke and dementia. In an observational study that
assessed the prevalence of silent cerebral infarcts by
magnetic resonance imaging (MRI) and its association
with cognitive impairment,?? patients with AF had lower
cognitive function scores across all tested domains
when compared with controls in sinus rhythm. In stud-
ies using systematic brain imaging, 15% to 50% of
patients with AF have a brain infarct?® and silent cere-
bral infarcts at the time of diagnosis of AF are up to 5
times as common as symptomatic infarcts.?* Although
they may not cause overt neurologic deficits at onset,
they are associated with both concurrent cognitive per-
formance as well as future risk of cognitive decline.?®2°
However, the prospective SWISS-AF study found that
potentially embolic silent large noncortical or cortical
infarcts, but not small infarcts, had a similar association
with lower cognitive scores as previous clinical ischemic
events in patients with AR

In addition, microembolization and hypoperfusion
associated with AF may precipitate ischemic demyelin-
ation similar to that seen in cerebral small vessel disease
(CSVD), furthering cognitive decline. AF is often associ-
ated with an increased prevalence of CSVD that may be
a marker for adverse cognitive and clinical outcomes.?®
Recent studies found that the manifestation of cogni-
tive and other neurologic deficits in the context of small

Shared risk
factors

Cognitive
impairment

* Age
« Hypertension

¢ Diabetes mellitus cerebral infarcts

Stroke/Silent N Decreased
brain volume

Cerebral

ihicrobleads Genetic factors

 Hyperlipidemia T
* Sleep apnea

« Vascular disease Thrombotic
« Heart failure state

Hypoperfusion

« Chronic kidney disease
« Alcohol consumption
 Thyroid dysfunction

—
—
Side-effects
: of prescribed
OAC?

o T

Figure 1. Suspected mechanisms of cognitive impairment in atrial fibrillation.

Suspected mechanisms linking atrial fibrillation (AF) and cognitive impairment are depicted by solid black arrows. AF could lead to cognitive
impairment through different mechanisms: cerebral infarcts, decreased brain volume, and cerebral microbleeds. Hypothesized mechanisms of
decreased brain volume include hypoperfusion of gray matter, silent cerebral infarcts, microbleeds, and inflammation. Inflammation is also thought
to enhance hypercoagulability and the formation of thrombi. Oral anticoagulants (OAC) are suspected to increase the risk of cerebral microbleeds.
Genetic factors and shared risk factors (red dotted lines) could contribute to both AF and cognitive impairment.
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infarcts may be a function, in part, of burden of white
matter disease, both in AF-specific*® and general post-
stroke cohorts.*® In a longitudinal population-based study,
1044 participants underwent serial cognitive assess-
ment and brain MRI or positron emission tomography.
Participants with both AF and infarction were more likely
to have mild cognitive impairment than those with AF
alone' A similar observation was made in the study with
the longest follow-up: the ARIC study (Atherosclerosis
Risk in Communities).*? During 20 years of follow-up,
2106 participants developed AF and 1157 participants
developed dementia. After accounting for cardiovascular
risk factors, including clinically overt ischemic stroke, the
average decline in cognitive function was greater in par-
ticipants with AF than in those without AF; among 935
stroke-free patients, a decline in executive function and
verbal fluency was associated with incident AF only in
the subgroup with silent cerebral infarcts. This finding
and the reduction of cognitive impairment/dementia with
oral anticoagulation (OAC) in observational studies'®3%%4
suggest that the vascular insult is likely the cause of cog-
nitive deterioration. Taken together, the evidence points
to silent cerebral infarcts as being an intermediate factor
in the association between AF and cognitive impairment.

Cerebral Microbleeds

Some reports showed an association between burden of
cerebral microbleeds, particularly in lobar locations, and
poorer cognition. This relation persists even after adjust-
ment for vascular risk factors and additional imaging
markers of CSVD. However, in a large cohort of patients
with AF, cerebral microbleeds were not associated with
cognitive function.?” Although an increased burden of mi-
crobleeds attributable to OAC has been proposed as a
mechanism for cognitive impairment in AR, it is uncertain
whether OAC causes microbleeds. A small prospective
MRI study found that warfarin, but not direct oral anti-
coagulants (DOACs) or antiplatelet use, was associated
with the development of new microbleeds at 1 year in
individuals with AF% However, in a retrospective study,
supratherapeutic ranges during warfarin therapy were
associated with an increased risk of dementia.®

Cerebral Hypoperfusion

In addition to cerebral microemboli and microbleeds as
putative mechanisms linking AF to cognitive impairment,
it has been suggested that AF can result in transient or
chronic cerebral hypoperfusion. AF decreases cardiac
output secondarily to loss of atrioventricular synchrony,
resulting in reduction in stroke volume, cardiac output,
and blood pressure.'® Beat-to-beat variability may also
contribute to impaired cerebral perfusion through de-
creased cardiac performance® Although cerebral au-
toregulation is expected to maintain cerebral blood flow

Circulation. 2022;145:392-409. DOI: 10.1161/CIRCULATIONAHA.121.055018
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during a wide blood pressure range, several studies have
reported a decrease of cerebral perfusion in patients
with AF. A reduction in cerebral perfusion was noted by
noninvasive hemispheric blood flow measurements in
31 patients with permanent AF when compared with ex-
pected age-matched values.®” In 358 patients >65 years
of age with cognitive impairment (Mini-Mental State Ex-
amination score <24), excluding those with a history of
transient ischemic attack (TIA), stroke, or dementia, AF
was associated with a 4-fold increased risk of dementia
after a mean follow-up of 10 years.®® Pertinent to the
cerebral hypoperfusion hypothesis, those with low (<50
bpm) or high (>90 bpm) ventricular response rates on
24-hour Holter monitoring had a 7-fold increased risk of
dementia when compared with patients with a moderate
ventricular response rate. These results are supported by
computational data showing that higher ventricular rates
are related to a progressive decrease in cerebral perfu-
sion and hypotensive events downstream to the middle
cerebral artery.3® Moreover, in a cross-sectional study, pa-
tients with persistent AF had reduced flow to the brain
and hypoperfused brain tissue when compared with
those with paroxysmal AF and sinus rhythm.*° In addition,
the high prevalence of cognitive impairment and demen-
tia in patients with AF and concomitant heart failure fur-
ther supports the potential effect of cerebral hypoperfu-
sion. In cross-sectional studies, cerebral blood flow was
lower in patients with more white matter hyperintensity,
but the link between hypoperfusion and cerebral white
matter hyperintensities is debated.*’

Inflammation and Atherosclerotic Vascular
Disease

Several studies have suggested that inflammation is an
important component of the pathophysiologic process
that leads to AF and, in turn, AF aggravates the inflam-
matory response.*?*3 Inflammation is thought to enhance
hypercoagulability and the formation of thrombi, poten-
tially increasing the risk for stroke and for malfunction
of cerebrovascular regulation, which has been associ-
ated with Alzheimer and vascular dementia.**® Indeed,
increased markers of inflammation have been linked to
cognitive impairment in patients with AR Studies have
also shown that hemostatic function is altered in those
who develop dementia, with an association between
hemostasis and vascular dementia, including increased
levels of thrombin generation markers (D-dimer and pro-
thrombin fragment 14+2) and endothelial dysfunction (von
Willebrand factor and plasminogen activator inhibitor).*®
In rodent models of Alzheimer disease, in the absence
of AF, dabigatran (a direct antithrombin) was shown to
reduce pathologic changes and inflammation and to slow
deterioration in cognitive function.*” Inflammation may be
a nonspecific marker of atherosclerotic vascular disease
that has been associated with both cognitive impairment
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and AF.*® Preclinical markers of cardiovascular disease
(such as subclinical atherosclerosis, aortic stiffness,
and intima-media thickness of the carotid artery) have
been linked to both an increased risk of AF and cogni-
tive impairment.'®#84° | ikewise, there is a link between
CHADS, (congestive heart failure [1 point], hypertension
[1 point], age =75 [2 points], diabetes [1 point], previous
stroke or TIA [2 points]) and CHA DS, VASc (congestive
heart failure [1 point], hypertension [1 point], age >75
[2 points], diabetes [1 point], previous stroke or TIA [2
points], vascular disease [1 point], age 65 to 74 [1 point],
and sex [female; 1 point]) scores and the risk of demen-
tia in patients with AF, with higher scores associated with
an increased risk of dementia.®®

Brain Volume

The nature of the association between smaller brain
volumes, AF, and cognition is debated. Hypothesized
mechanisms include hypoperfusion of gray matter, mi-
croinfarctions, microbleeds, and inflammation. In a cross-
sectional analysis of 4252 participants without dementia,
AF was associated with a lower volume of gray and white
matter®’ The association was stronger in patients with
persistent compared with paroxysmal AF. A smaller hip-
pocampal volume, as measured by structural MRI, has
been associated with cognitive decline and progression
toward Alzheimer disease in patients with mild cogni-
tive impairment. In the ARIC Neurocognitive Study, AF
was also associated with smaller brain volumes (espe-
cially deep gray matter and hippocampal volumes), and
the association was stronger among older individuals.>?
Whether AF is independently associated with a smaller
hippocampal volume remains controversial. In a series
of 87 patients with AF compared with 446 controls in
sinus rhythm, AF was significantly and independently as-
sociated with a smaller hippocampal volume and lower
performance metrics in learning, memory, and executive
functions, but not overall brain volume or extent of white
matter hyperintensity.5® These results were not corrobo-
rated in a cross-sectional analysis of 1044 participants
with multimodality neuroimaging, which found that AF
was associated with lower total gray matter volume and
presence of infarctions, but not with hippocampal vol-
umes3' A recent study reported that preexisting cogni-
tive impairment in patients with AF with ischemic stroke
or TIA is common and associated with imaging markers
of CSVD and neurodegeneration (ie, lacunes, increased
periventricular and deep white matter hyperintensity, and
medial temporal atrophy).5*

Key point 1: There is a consistent association between
AF and dementia, but it is uncertain whether, and to what
extent, the association is causal or confounded by shared
risk factors.

Key point 2: There are several potentially treatable
pathophysiologic mechanisms that might underpin the
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association between AF and cognitive impairment,
including strategically located or multiple brain infarcts
(cardiac emboli), low blood flow to the brain (systemic
hypotension), and multiple brain hemorrhages. These
could be explored in controlled trials to determine
whether part or all of the relationships between AF and
dementia are preventable.

ROLE OF CEREBRAL IMAGING IN
PATIENTS WITH AF

Patients with AF have a high burden of clinically unrec-
ognized brain damage. The clinical significance of these
findings remains largely unknown and the role of routine
neuroimaging in patients with AF is not well defined.?® In
patients with AF, cerebral findings such as white matter
hyperintensities and other cardinal features of CSVD and
microbleeds may be associated with current and future
cognitive performance®® More research is required to
define the significance of brain MRI findings in patients
with AF and the role of initial cerebral imaging screening
and repeat neuroimaging studies.

What Modalities Are Appropriate?

MRI is the gold standard of brain imaging because of
its unique potential to provide detailed information about
existing cerebrovascular disease. MRI is the modality
of choice for the evaluation of CSVD (fluid-attenuated
inversion recovery shows white matter changes and la-
cunar infarcts, T2-weighted images show infarcts, and
susceptibility-weighted images reveal microbleeds) and
amyloid angiopathy that may be highly relevant for cogni-
tive decline and further management.®"® It is also more
informative than computed tomography in detecting pat-
terns of focal atrophy, which may help to differentiate
coexisting dementia pathologies such as Alzheimer de-
mentia.?® Advanced metabolic and functional neuroimag-
ing modalities, such as single-photon emission computed
tomography, fluorodeoxyglucose—positron emission to-
mography, and blood oxygenation level-dependent MR,
can identify impaired brain physiology before the onset
of obvious atrophy and may be used in the investigation
and phenotyping of dementia.f® These modalities require
expert interpretation and should be used only by special-
ists with expertise in dementia.®€? An overview of com-
monly used imaging modalities in cognitive impairment/
dementia is provided in Figure 2.

Who Should Be Imaged and When?

The role of cerebral imaging in patients with AF, outside
of new or worsening cognitive complaints or other neuro-
logic events (ie, new focal neurologic deficits, encepha-
lopathy, or seizures), is not well defined. In an asymp-
tomatic patient with AF, cerebral imaging could identify

Circulation. 2022;145:392-409. DOI: 10.1161/CIRCULATIONAHA.121.065018
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Characterizing pathology associated with cognitive decline:
e Silent brain infarcts

e  Focal atrophy
e  Markers of cerebral small vessel disease
o  White matter hyperintensities, cerebral microbleeds,
lacunes, enlarged perivascular spaces
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e Amyloid angiopathy
o Microbleeds and cortical superficial siderosis

Assessing for gross structural changes that can cause or contribute to
cognitive impairment:
e  Structural pathologies, such as ischemic infarcts, intracranial

bleeding, malignancies, etc. that may change management

Assessing potential mechanisms for individuals with ischemic infarcts on
neuroimaging or history of transient ischemia:

Vascular and
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cardiac imaging

® [arge artery disease
®  Major- and minor-risk structural cardioembolic sources

Advanced neuro

Identify early-stage impaired physiology

imaging modalities| ©

May be used to investigate early-onset neurodegenerative process
and phenotype dementia
® Requires expert interpretation

Figure 2. Imaging modalities in cognitive impairment/dementia.

CT indicates computed tomography; and MRI, magnetic resonance imaging.

markers of CSVD and neurodegeneration that are linked
to an increased risk of cognitive impairment in the gen-
eral population.®® In the future, if interventions to prevent
dementia in AF are identified, early detection of cognitive
decline by routine cognitive testing in patients with AF
should prompt cerebral imaging, but until then, the role of
routine imaging in patients without evidence of cognitive
dysfunction remains undetermined.

Implication of Incidental Findings

Covert brain infarcts are defined as lesions detected on
neuroimaging in the absence of clinical history of symp-
tomatic stroke. Presence of >3 infarcts supports the di-
agnosis of vascular cognitive impairment8® It is not clear
whether silent cerebral infarct in patients with AF should
lead to an increase in the patient's CHA_DS,-VASc score
and thus prompt OAC therapy in otherwise low-risk pa-
tients.®* Although practice patterns among neurologists
are heterogeneous, many would consider it reasonable
to initiate OAC for silent cerebral infarcts thought to be
cardioembolic. Whereas an intracranial hemorrhage is
an indication to withhold OAC, intracranial microbleed,

Circulation. 2022;145:392-409. DOI: 10.1161/CIRCULATIONAHA.121.055018

which is a risk factor for intracranial hemorrhage, is not
a contraindication for OAC. The presence of microbleeds
concomitant with an acute stroke increases the risk for
recurrent ischemic stroke. With DOACs, the risk of in-
tracranial bleeding is lower than with warfarin. In a sub-
study of AVERROES (A Phase Ill Study of Apixaban in
Patients With Atrial Fibrillation), in which 931 patients
with AF underwent serial cerebral MRI, DOACs did not
increase the incidence of microbleeds compared with
acetylsalicylic acid.®®

What Is the Role of Follow-Up Imaging?

There is no high-quality evidence to guide recommenda-
tions for repeat brain imaging in patients with AF, with
or without cognitive impairment. AF is, however, asso-
ciated with an increased risk of adverse brain imaging
changes over time. A recent longitudinal community-
based neuroimaging study of 963 individuals, 3% of
whom developed new AF, found that the AF cohort had
independently higher odds of new silent cerebral in-
farcts (41% versus 18%) and worsening ventricular and
sulcal grades (brain architectural features associated
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with increased risk of dementia) on MRI over 11 years
of follow-up.?® In an older community-based longitudinal
study in which 1433 individuals received baseline and
follow-up brain MRIs over b years, incident cortical in-
farcts, but not incident infarcts overall, were associated
with AF®® A randomized clinical trial comparing warfa-
rin with placebo in 525 individuals with AF found a 1%
annual incidence of silent cerebral infarct on computed
tomography in the warfarin group versus 1.6% in the
placebo group over 3 years of follow-up (NS).5” New
neurologic issues should prompt urgent repeat neuro-
imaging and cognitive decline should trigger cerebral
imaging. At what interval cognitive testing and cerebral
imaging should be repeated remains unknown.

Key point 3: Cerebral imaging, with MRI preferred
over computed tomography, should be performed in the
workup of cognitive impairment in patients with AF. The
role of routine baseline and follow-up cerebral imaging in
AF without cognitive impairment is uncertain.

DEFINITION AND ASSESSMENT OF
COGNITIVE FUNCTION

Although a recent consensus statement has suggest-
ed that all individuals with AF should be assessed for
cognitive impairment,®® assessment for mild cognitive
impairment is recommended in people who express
concerns (or for whom close relatives express con-
cerns) about memory or impaired cognition.?® Given
the association between AF and cognitive impairment/
dementia, even a moderate degree of suspicion for
cognitive impairment in patients with AF should trigger
a formal cognitive assessment.

Cognitive testing in people with AF can be considered
a staged process, with the first stage being a form of

Atrial Fibrillation and Dementia

cognitive triage. This can be performed by any clinician
and is suited to even the busiest outpatient or ward set-
ting. This could consist of a validated screening question,
such as “Have you had problems with memory or thinking
in the past 12 months and is this affecting your day-to-
day activities?” The question can also be posed to fam-
ily members in attendance. Questionnaires such as the
IQCODE (Informant Questionnaire for Cognitive Decline
in the Elderly) can help structure this assessment. Col-
lateral information from an independent source is vital
because insight into cognitive difficulty may not always
be maintained. If no concerns are raised, testing can stop
but the question can be asked again in the future. This
easy to perform but blunt form of testing could be con-
sidered the cognitive equivalent of a manual pulse check.

If the person or his or her family expresses concern
around cognition, the next step could consist of a mul-
tidomain cognitive screening tool, such as The Montreal
Cognitive Assessment (MoCA) or the Folstein Mini-Men-
tal State Examination, as described in Table 2. The pur-
pose of this screening is not to establish a diagnosis but
to stratify risk and inform the need for referral to special-
ist memory services. Such screening requires more time
and training than a single question. It could be consid-
ered the cognitive equivalent of a 12-lead ECG.

In AF, all domains are generally affected (including
attention, executive function [including social recogni-
tion], language, memory, and visual-spatial capacities;
described in Table 3 and Supplemental Material 2), such
that a screening tool that covers each domain is pre-
ferred.?? Many assessment tools have been described in
the literature and a wide variety are used in practice.™
Tools used to assess cognition vary between trials and
therefore direct comparisons are not possible. Choice of
test will be influenced by familiarity with the tool, likeli-

Table 2. Comparison of Commonly Used Cognitive Screening Tools™

Variables ACE-1ll AMT-10 GP-Cog 6 CIT MMSE MoCA ocCs
Administration time, min 15 to 20 <5 <5 <5 10 10 15
Copyright Free to use Free to use Free to use Free to use Pay per use Pay to train Free to use
Validated in AF No No No No Yes Yes No
Non-English versions Yes Yes Yes No Yes Yes Yes
Short form available Yes Yes NA NA No Yes No
Training available Yes No Yes No Yes Yes Yes
Recommended setting Hospital Hospital (acute) Primary care Various Various Various Hospital
Attention Yes Yes No Yes Yes Yes Yes
Executive function No No Yes No No Yes Yes
Language No No No No Yes Yes Yes
Memory No Yes Yes Yes Yes Yes Yes
Perceptual-motor No No Yes No Yes Yes Yes
Social cognition No No No No No No No

6-CIT indicates 6-item Cognitive Impairment Test; ACE, Addenbrooke's Cognitive Examination—IIl; AF, atrial fibrillation; AMT-10, 10-item Abbreviated Mental Test;
GP-Cog, General Practitioner Assessment of Cognition; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; and OCS, Oxford Cogni-

tive Screen.
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Table 3. Definitions and Assessment of Cognitive Function

Domains Assessment
Cognitive domains Attention
Memory

Executive function, which is a set of mental skills
that includes working memory, flexible thinking,
and self-control (eg, skills to plan, organize, shift
from 1 activity to another, pay attention)

Language

Visuospatial processing

Cognitive decline Change in cognitive function that is greater

than expected from normal aging

Can be diagnosed through changes in stan-
dardized cognitive test scores over time

Mild cognitive impairment | Characterized by cognitive decline that is
greater than expected from normal aging, but
without affecting activities of daily living

Amnestic Characterized by memory complaints

High risk of progression toward Alzheimer
disease

Single domain amnestic | Isolated memory impairment

Multiple domain
amnesic

Memory impairments and deficits in one or
more cognitive domains

Dementia Defined as deficits in at least 2 cognitive do-
mains that represent a decline from a previous
level of functioning and that are sufficiently

severe to affect activities of daily living

Components of cognitive domains are described in Supplemental Material 2.

hood of the test identifying impairment, and the resources
or time needed to administer testing. The MoCA and
the Mini-Mental State Examination are the most used
screening tools to detect mild cognitive impairment. The
MoCA™ is considered a sensitive screening test for vas-
cular dementia; the Mini-Mental State Examination is
less sensitive but more specific.”?™ The MoCA has been
used to detect cognitive decline over time: a 3-point
decline has been shown to be associated with a mean-
ingful clinical reduction in cognitive function, as assessed
by trained research psychologists. These tests may be
insensitive for detecting subtle impairments in executive
function, which is preferentially affected in vascular cog-
nitive impairment. The pattern of cognitive impairment
varies between dementia subtypes and certain tests
were designed for specific diagnoses (see Table 3).7
For a minority of people, referral for comprehensive
neuropsychological assessment may be required. This
is a highly specialized activity usually performed in a
memory clinic or neurology setting. This detailed testing
considers multiple aspects of cognition and allows for
a diagnostic formulation that can be used for treatment
planning. It could be considered the cognitive equivalent
of an electrophysiologic cardiac assessment. If cogni-
tive impairment is confirmed, reversible causes including
side effects from medications, sleep apnea, depression,
and other medical conditions should be ruled out. Impair-
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ing medications should generally be discontinued or
replaced and coexisting vascular comorbidities should
be addressed, such as hypertension, diabetes, and
unhealthy lifestyle factors (eg, reducing alcohol intake
and implementing regular exercise).5®

Key point 4: Screening for unknown AF should be
considered in patients with cognitive impairment.

Key point b: There is a need for standardized cognitive
testing in patients with AR

KNOWLEDGE GAPS

Is There a Causal Link Between AF and
Impaired Cognition?

The role of AF in cognitive impairment and dementia
requires confirmation in longer and larger prospective
cohorts and well-designed adequately powered ran-
domized controlled trials (Tables 4 and 5).%7 Candidate
mechanisms for cognitive decline in patients with AF can
be untangled in larger cohorts with longer follow-ups,
but controlled clinical trials of AF therapies with cogni-
tion or dementia as outcomes are required to determine
a causal relation between AF and cognitive decline. In
6514 dementia-free participants in the prospective
population-based Rotterdam Study, new-onset dementia
was strongly associated with duration of exposure to AF
in younger participants.® Furthermore, in 325 participants
in the ARIC study, persistent AF but not paroxysmal AF
(assessed by a 14-day ECG patch monitoring) was as-
sociated with lower cognitive function scores.'® This
biological gradient between AF burden and cognitive
impairment favors causality but could nevertheless be
mediated by unmeasured or imperfectly quantified up-
stream factors. The role of AF screening in prevention of
cognitive decline is contingent on results of studies dem-
onstrating that directed interventions after AF diagnosis
result in a reduction in cognitive decline and dementia.
This is analogous to the situation with stroke, in which
evidence of effectiveness of OAC in prevention of AF-
related stroke preceded studies of the effectiveness of
strategies of screening for AF to prevent stroke.” Ideally,
studies of population screening for AF should include
cognitive decline or dementia as an end point in addi-
tion to stroke. Even if OAC is found effective in reduc-
ing cognitive decline in AF, as in stroke, there will be no
certainty whether AF is more a villain than bystander in
the process.™

Development of Scores to Predict Cognitive
Decline

The identification of specific risk factors to stratify pa-
tients with AF most likely to develop dementia or cog-
nitive impairment could come from the prospective
cohort studies described previously. A variation on the
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Table 4. Knowledge Gaps and Questions to Address

Knowledge gaps Questions to address Importance*
Pathophysiology
Association between AF and Is there a direct causal association between AF and cognitive dysfunction? +++
cognitive dysfunction Is the strength of association modified by other risk factors?
Mechanisms Do microemboli, hypoperfusion, and inflammation play important roles in the pathophysiology of cogni- ++
tive dysfunction in AF?
What is the role of genetics?
How can the observed increased incidence of Alzheimer disease and other nonvascular types of de-
mentia in AF be explained?
Prevention
Oral anticoagulation
Role of anticoagulation on Should OACs be extended to low-risk patients? +++
Lh:cﬁ);zv::;ic;r;rc:e%?gnitive What is the minimum atrial burden associated with cognitive decline/dementia?
How does progression of AF burden affect cognitive function?
Are safety and efficacy similar between VKA and DOACs and among the various DOACs?
Should atrial cardiomyopathy be considered an indication for OAC?
What is the role of left atrial appendage occlusion?
When should OAC treatment be initiated for dementia prevention? Is it advisable to think about a
specific risk threshold for OAC initiation considering that cognitive decline is not a discrete event but a
gradual process?
Rhythm control
Role of AF ablation and car- Does AF ablation prevent cognitive decline? +
dioversion If so, should indications for AF ablation be extended to asymptomatic patients?
Is there a difference between energy sources (radiofrequency versus cryoablation)?
What is the effect of multiple electric cardioversions and AF ablation? Should there be a threshold limit
per patient?
Role of AADs Do AADs have an effect on cognitive dysfunction and, if so, is there a difference among the agents? +
Do rhythm control interventions have an effect on cognition?
Role of irregularity of rhythm Does irregularity of rhythm (premature atrial beats, short atrial runs) play a role in cognition? If so, +
should treatment be more aggressive?
Should patients with extensive supraventricular activity (apart from AF) also receive OAC treatment?
Is there a difference in risk of cognitive decline in patients with AF with regular rhythm (ie, pacing) or
irregular rhythm?
Rate control
What is the optimal rate control target for cognitive outcomes? +
What is the optimal pacing rate in patients with AV node ablation?
Is there a difference between rate control drugs?
Drug therapy
What is the role of anti-inflammatory drugs to prevent cognitive dysfunction in patients with AF? +
Role of statins?
Multidisciplinary approaches
Is a systematic multidisciplinary approach effective in preventing cognitive dysfunction in patients with AF? | ++
Biomarkers
Can biomarkers be developed and validated to predict cognitive dysfunction in patients with AF? ++
What is the role of such biomarkers in screening, treatment, and follow-up of patients with AF?
Brain MRI
What is the role of brain MRIs in the screening and follow-up of patients with AF? ++

AAD indicates antiarrhythmic drug; AF, atrial fibrillation; AV, atrioventricular; DOAC, direct oral anticoagulant; MRI, magnetic resonance imaging; OAC, oral antico-

agulant; and VKA, vitamin K antagonist.
*The importance of knowledge gaps was put to a vote at the 2020 Virtual AF-SCREEN International Collaboration Meeting.
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Table 5. Ongoing Trials That Include Cognitive Function or Dementia as End Points

Questions to be addressed Study name Methods
Oral anticoagulation
Are safety and efficacy similar ARISTA Main inclusion criteria: NVAF and CHA DS, VASC score >2
between VKA and DOACs? . . ) . . . . "
Primary end point: change in cognitive function (using standardized neurocognitive assess-
ment) and new silent cerebral infarcts on MRI
Randomized, single-blinded
Groups: apixaban and warfarin
Follow-up 24 months, n=280
CAF™ Main inclusion criteria: NVAF, CHA,DS VASC score >2, >65 years of age

Primary end point: incident dementia determined by a formal diagnosis of dementia by a
neurologist

Randomized open-label

Groups: dabigatran and warfarin

Follow-up 24 months, n=120

What is the minimal amount of
atrial burden associated with
cognitive decline/dementia?
Should OAC be extended to si-
lent AF in high-risk patients?

ARTESIA Neurocognitive
Substudy

Main inclusion criteria: SCAF >6 minutes but <24 hours and a high CHA DS, VASC score

Primary end point: change of cognitive functions (MoCA)

RCT

Groups: apixaban versus ASA 81 mg

n=1000
NOAH Main inclusion criteria: SCAF >6 minutes and CHA,DS_VASC score >2
RCT
Primary end point: all-cause death
Secondary outcome: change of cognitive functions (MoCA)
Should OACs be extended to BRAIN-AF" Main inclusion criteria: NVAF with low CHA,DS,VASC score
low-risk patients? Primary end point: cognitive decline (MoCA decreased >3 points from baseline) and/or stroke/TIA
RCT
Groups: rivaroxaban 15 versus standard of care (placebo or ASA 100 mg)
Mean follow-up 5 years; n=2280
Should OAC be continued after | OCEAN Main inclusion criteria: absence of AF recurrence >12 months after AF ablation procedure
a successful AF ablation® Primary end point: composite of stroke, systemic embolism, and covert embolic stroke as
detected by brain MRI
Secondary end points: differences on neuropsychological testing (MoCA and MMSE)
Randomized open-label
Groups: rivaroxaban 15 versus ASA 81 mg
n=1572
Rhythm control AFCOG Main inclusion criteria: NVAF and rhythm control strategy

Primary end point: difference in cognitive score (CANTAB)

Cohort

Groups: standard of care interventions to convert patient from AF to normal rhythm

n=600

Comparison of Brain Perfu-
sion in Rhythm Control and
Rate Control of Persistent
Atrial Fibrillation

Main inclusion criteria: persistent NVAF

Primary end point: cognitive functions (K-MoCA) and brain perfusion (CT)

Groups

Randomized open-label

Follow-up 3 months; n=200

AF ablation

Does AF ablation prevent cogni-

tive decline?

DIAL-F

Main inclusion criteria: AF and >50 years of age

(Continued)
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Table 5. Continued

Questions to be addressed Study name Methods
Primary end point: improvement or no worsening in MoCA score
Case—control
Groups = AAD versus AF ablation
Follow-up 2 years; n=888
AF screening
Does AF screening prevent cog- | UK SAFER Main inclusion criteria: >65 years and no known AF

nitive decline? . . L
Primary end point: reduction in the number of strokes, heart attacks, and deaths

Cognition is a secondary end point

RCT

Groups = AF screening versus no AF screening

Follow-up 5 years; n=120000

Other approaches

What is the role of left atrial ap- | PLUG Dementia

pendage occlusion?

Main inclusion criterion: left appendage closure for AF

Primary end point: cognitive decline (11-item ADAS-Cog and DAD)

Cohort

Follow-up 24 months; n=60

AAD indicates antiarrhythmic drug; ADAS-Cog, Alzheimer's Disease Assessment Scale-Cognitive Subscale; AF, atrial fibrillation; AFCOG, Acute Cognitive
Changes During Atrial Fibrillation Episodes (URL: https://www.clinicaltrials.gov; Unique identifier: NCT04033510); ARISTA, Trial of Apixaban Versus Warfarin in
Reducing Rate of Cognitive Decline, Silent Cerebral Ischemia and Cerebral Microbleeds in Patients With Atrial Fibrillation (URL: https://www.clinicaltrials.gov;
Unique identifier: NCT03839355); ARTESIA, Apixaban for the Reduction of Thrombo-Embolism in Patients With Device-Detected Sub-Clinical Atrial Fibrillation
(URL: https://www.clinicaltrials.gov; Unique identifier: NCT01938248); ASA, acetylsalicylic acid; BRAIN-AF, Blinded Randomized Trial of Anticoagulation to Prevent
Ischemic Stroke and Neurocognitive Impairment in Atrial Fibrillation (URL: https://www.clinicaltrials.gov; Unique identifier: NCT02387229); CAF, Cognitive Decline
and Dementia in Atrial Fibrillation Patients (URL: https://www.clinicaltrials.gov; Unique identifier: NCT03061006); CANTAB, Cambridge Neuropsychological Test
Automated Battery; CHA,DS,VASc score, congestive heart failure (1 point), hypertension (1 point), age >75 (2 points), diabetes (1 point), previous stroke or transient
ischemic attack (2 points), vascular disease (1 point), age 65 to 74 (1 point), and sex (female; 1 point); CT, computed tomography; DAD, Disability Assessment for
Dementia; DIAL-F, Cognitive Impairment in Atrial Fibrillation (URL: https://www.clinicaltrials.gov; Unique identifier: NCT01816308); DOAC, direct oral anticoagulant;
K-MoCA, Korean version of the Montreal Cognitive Assessment; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; MRI, magnetic
resonance imaging; NOAH, Non-Vitamin K Antagonist Oral Anticoagulants in Patients With Atrial High Rate Episodes (URL: https://www.clinicaltrials.gov; Unique
identifier: NCT02618577); NVAF, nonvalvular atrial fibrillation; OAC, oral anticoagulant; OCEAN, Optimal Anticoagulation for Higher Risk Patients Post-Catheter
Ablation for Atrial Fibrillation Trial (URL: https://www.clinicaltrials.gov; Unique identifier: NCT02168829); PLUG Dementia, Overall and MRI-Based Impact of Percu-
taneous Left Atrial Appendage Closure on the Cognitive Decline and Dementia in Patients With Atrial Fibrillation (URL: https://www.clinicaltrials.gov; Unique identifier:
NCT03091855); RCT, randomized controlled trial; SCAF, subclinical atrial fibrillation; TIA, transient ischemic attack; UK SAFER, Screening for Atrial Fibrillation with
ECG to Reduce Stroke; and VKA, vitamin K antagonist.

‘Registration: URL: https://www.clinicaltrials.gov; Unique identifier: NCT02633774.

CHAD,DS,VASc score that predicts cognitive decline
could identify patients who would benefit most from
screening for cognitive impairment and possibly in the
future aid in selection of appropriate candidates for in-
terventions to prevent dementia. Additional measures
obtained by imaging and biomarkers may enhance the
value of the CHA,DS,VASc score but this remains to be
determined.

Role of Anticoagulation

Role of Anticoagulation in Low-Risk Patients

It is plausible that recurrent subclinical microemboli may
play a role in the association between AF and dementia.
OAC could reduce this risk. Several observational stud-
ies suggest a protective effect of OAC therapy on cogni-
tive outcomes in patients with AF (Table S2).18383479-81
Therefore, the question of OAC is highly pertinent for
patients with AF who do not have a clear indication for
anticoagulation. BRAIN-AF (Blinded Randomized Trial of

402  February 1,2022

Anticoagulation to Prevent Ischemic Stroke and Neuro-
cognitive Impairment in Atrial Fibrillation; URL: https:.//
www.clinicaltrials.gov; Unique identifier: NCT02387229)
is a prospective, multicenter, double-blind, randomized
controlled trial that is assessing whether rivaroxaban 15
mg daily reduces the composite outcome of stroke/TIA
or neurocognitive decline (defined by a decrease in the
MoCA score >3) in patients with AF considered to be
at a low risk for stroke.” The comparator arm is stan-
dard of care, as defined by placebo in patients without
vascular disease and acetylsalicylic acid in patients with
vascular disease.

Should certain clinical features such as left atrial dila-
tation, mild left ventricular systolic dysfunction, serum
biomarkers (eg, brain natriuretic peptide, C-reactive
protein, troponin, D-dimers) or silent cerebral infarcts
detected by MRI trigger OAC in patients with AF and
a low CHA,DS,VASc score with the aim of preventing
cognitive decline? Should the presence of an underlying
atrial cardiomyopathy, in the absence of AF, be a trigger
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for anticoagulation with the aim of preventing cardio-
embolism dependent on a pathologic atrial substrate
without overt AF and thereby reduce dementia? In the
ARIC-PET study (Atherosclerosis Risk in Communi-
ties—Positron Emission Tomography), atrial cardiopathy
(defined as left atrial enlargement, increased P-wave
terminal force, or serum NT-proBNP [N-terminal pro—B-
type natriuretic peptide]) was associated with elevated
brain amyloid assessed by positron emission tomogra-
phy8? Alternatively, should OAC be routinely prescribed
to patients with AF regardless of the CHA,DS,VASc
score with the objective of improving long-term cogni-
tive outcomes? Randomized controlled trials are required
to address these critical questions. Risk to benefit ratios
need to be established considering that OAC is associ-
ated with adverse events, including bleeding. In a large
retrospective registry study, a lower risk for dementia was
observed with OAC in patients >65 years, whereas OAC
in patients <60 years appeared to be harmful owing to
excess risk of a composite of ischemic stroke, intrace-
rebral hemorrhage, and dementia, with no excess risk of
dementia alone.®*

Role of Anticoagulation in Silent AF

It is unknown whether there is a dose—response relation-
ship between AF burden and dementia. Some reports
suggest that persistent AF is more deleterious than par-
oxysmal AF'® In TRENDS (A Prospective Study of the
Clinical Significance of Atrial Arrhythmias Detected by
Implanted Device Diagnostics) and ASSERT (Asymp-
tomatic Atrial Fibrillation and Stroke Evaluation in Pace-
maker Patients and the Atrial Fibrillation Reduction Atrial
Pacing Trial), in patients with an implanted cardiac elec-
tronic device, a higher AF burden was associated with an
increased risk of stroke #%8* How much AF should prompt
OAC to prevent stroke remains a topic of debate. Just as
important is whether OAC therapy might prevent cogni-
tive decline or dementia and whether AF burden is an
important determinant. ARTESIA (Apixaban for the Re-
duction of Thrombo-Embolism in Patients With Device-
Detected Sub-Clinical Atrial Fibrillation; URL: https://
www.clinicaltrials.gov; Unique identifier: NCT01938248)
is a prospective, multicenter, double-blind, randomized
controlled trial that is enrolling 4000 patients with sub-
clinical AF <24 hours in duration (detected by an im-
planted pacemaker, defibrillator, or cardiac monitor) who
have additional risk factors for stroke.2® More than 3000
patients have thus far been randomized to receive apixa-
ban (according to standard AF dosing) or acetylsalicylic
acid 81 mg daily. The primary outcome is the composite
of stroke, TIA with diffusion-weighted MRI evidence of
cerebral infarction, or systemic embolism. A neurocog-
nitive substudy is incorporated in the ARTESIA trial in
which participants are subjected to serial MoCA tests.
Likewise, the NOAH trial (Non-Vitamin K Antagonist Oral
Anticoagulants in Patients With Atrial High Rate Epi-
sodes; URL: https://www.clinicaltrials.gov; Unique iden-
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tifier: NCT02618577) is currently enrolling patients with
subclinical AF and a CHA,DS,VASc score >2. Partici-
pants are randomized to edoxaban or acetylsalicylic acid.
The primary end point is the first occurrence of stroke/
TIA or systemic embolism. Cognitive function changes
(assessed by MoCA) is a secondary outcome. Those
substudies should shed light on the effect of OAC in pre-
venting cognitive decline in patients with subclinical AF
who have additional risk factors for stroke. An important
issue in patients with device-detected asymptomatic AF
(subclinical AF) is the proportion who develop clinical AF
and the time course of the transition. This is complicated
by the dynamic nature of subclinical AF, with transitions
within patients from lower to higher AF burden catego-
ries depending on the AF burden at first detection and
CHADS, score.®®

Type of Anticoagulation

Another knowledge gap regarding OAC for the preven-
tion of cognitive decline in patients with AF is the se-
lection of agent. Several reports have suggested that a
DOAC is associated with a lower risk of dementia than
a vitamin K antagonist (VKA)34™ In contrast, Danish
registries found no clinically meaningful difference in
the development of dementia between users of DOACs
or warfarin apart from a higher risk in DOAC users 80
years and older®” Compared with a VKA, DOAC therapy
may also reduce the incidence of cerebral microhemor-
rhage (suspected to be associated with cognitive dys-
function).®® In patients with a current indication for anti-
coagulation, it is not ethically feasible to conduct a trial
that would randomize patients to OAC versus placebo
to assess cognitive outcomes. However, observational
studies suggest a protective effect of OAC therapy on
cognitive outcomes in patients with AF8° Several stud-
ies comparing DOACs and warfarin on the rate of cog-
nitive decline are ongoing (apixaban in ARISTA [Trial of
Apixaban Versus Warfarin in Reducing Rate of Cognitive
Decline, Silent Cerebral Ischemia and Cerebral Micro-
bleeds in Patients With Atrial Fibrillation; URL: https://
www.clinicaltrials.gov; Unique identifier: NCT03839355],
dabigatran in CAF™ [Cognitive Decline and Dementia in
Atrial Fibrillation Patients; URL: https://www.clinicaltri-
als.gov; Unique identifier: NCTO3061006)], rivaroxaban
in ACCOG [Anticoagulants and Cognition; URL: https://
www.clinicaltrials.gov; Unique identifier: NCT04073316];
see Table 4). Cited studies are described in Table S3.

Role of AF Screening

The target population to screen has yet to be established
and will depend, in part, on the results of ongoing trials,
particularly with regards to the effect of OAC on cognitive
outcomes. It is unknown whether AF screening should
be extended to all asymptomatic people with risk factors
for stroke to detect subclinical AF and to prevent not just
stroke but also dementia and whether this also should
also be extended to patients with a low CHA,DS,VASc
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score.™® |t is pertinent to question whether AF screen-
ing should be extended to all patients with cognitive
impairment or only those with cognitive impairment and
cerebral imaging anomalies. Ideal strategies to screen
for AF remain to be defined and would require more in-
tensive screening than a single time point, either by mul-
tiple ECG snapshots over a 2- to 4-week period or by
continuous external/wearable or implanted devices (Ioop
recorders or other devices) for variable durations.

Role of AF Ablation

Periprocedural ischemic strokes are a known complica-
tion of catheter ablation for AF, with silent cerebral in-
farcts observed in up to 40% of patients.®® Ablation tech-
nologies have been compared in small studies; mode of
periprocedural and intraprocedural anticoagulation has
been repetitively identified as major predictor for occur-
rence of silent cerebral infarcts.®? The effect of catheter
ablation on neurocognitive function is less well under-
stood. One study assessed 150 patients who underwent
radiofrequency catheter ablation for paroxysmal AF, per-
sistent AF, and supraventricular tachycardia, as well as
controls on the waiting list for AF ablation.®® At 2 days
after ablation, 28% of patients with paroxysmal AF, 27%
with persistent AF, and 13% with supraventricular tachy-
cardia had a decline in cognitive performance compared
with the preablation state. In multivariable analyses, time
spent in the left atrium was the only factor associated
with a decline in cognitive performance. Regarding long-
term outcomes, an observational study assessed 4212
patients who underwent AF ablation and 16848 age-
and sex-matched controls with AF and no ablation.®" After
3 years of follow-up, AF ablation was associated with a
lower risk of dementia (0.2% versus 0.9%), but allocation
to ablation was not randomized, so residual confounding
could account for the observed differences. In a recent
large nationwide cohort of patients with AF, ablation was
associated with decrease dementia risk after propensity
score matching to account for baseline difeerences.®?
The recently published EAST-AFNET 4 (Early Treatment
of Atrial Fibrillation for Stroke Prevention Trial) demon-
strated a 21% lower risk of adverse cardiovascular out-
comes in 1395 patients randomized to early rhythm con-
trol therapy compared with 1394 patients randomized to
usual care.®® The change in cognitive function, assessed
by MoCA at 2 years, was not different between groups.
Further studies are required to confirm the effect of AF
ablation on long-term cognitive function.

The ongoing DIAL-F case—control study (Cognitive
Impairment in Atrial Fibrillation; URL: https://www.clini-
caltrials.gov; Unique identifier: NCT01816308) is com-
paring the incidence of cognitive impairment (assessed
by MoCA) associated with catheter ablation for AF versus
antiarrhythmic drugs. The effect of multiple procedures
on cognitive outcomes remains unknown. Whether OAC
is required after a successful ablation is being investi-
gated in OCEAN (Optimal Anticoagulation for Higher
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Risk Patients Post-Catheter Ablation for Atrial Fibrillation
Trial; URL: https://www.clinicaltrials.gov; Unique identi-
fier: NCT02168829), in which cognition is a secondary
end point (assessed by the MoCA score). Cited studies
are described in Table S3.

Role of Electric Cardioversion

In recent small studies, successful electric cardioversion
to sinus rhythm improved cerebral blood flow measured
by MRI and cerebral tissue oxygen saturation measured
by bedside near-infrared spectroscopy.® Conversely,
electric cardioversion may increase the risk of cerebral
microemboli. The effect of multiple cardioversions on ce-
rebral microemboli and cognitive outcomes is unknown.
Studies are ongoing to assess cognitive function and
the incidence of new-onset silent cerebral infarcts after
programmed direct-current cardioversion as assessed by
diffusion-weighted sequences in brain MRI (NOR-FIB2
[Fibrosis, Inflammation and Brain Health in Atrial Fibrilla-
tion: The Norwegian Atrial Fibrillation and Stroke Study;
URL: https://www.clinicaltrials.gov; Unique identifier:
NCT03816865]).

Role of Rate Control

The optimal rate control management strategy and the
effect of rate control drugs (eg, digoxin, B-blockers, non-
dihydropyridine calcium channel blockers) on cognitive
outcomes in AF remain unknown.

Role of Inflammation

Inflammation could be responsible for damaging the
blood—brain barrier and causing cerebral microstruc-
tural changes. Further studies are required to elucidate
the role of inflammation in the development of cognitive
dysfunction in patients with AF, as well as the role of anti-
inflammatory drugs. Statin therapy appears to positively
affect cognitive outcomes in patients with AF (study de-
scribed in Table S3).°° Such findings require confirmation
in randomized trials before widespread adoption.

Role of Genetics and Biomarkers

Whether there are shared genetic factors for AF and de-
mentia is an area of ongoing research. A recent Mende-
lian randomization study found no evidence to support a
causal association between AF and Alzheimer disease.®®
Studies are required to confirm these results and clarify
the role of genetic factors that may interact with AF in
influencing neurocognitive outcomes.

If the link between AF and dementia is confirmed,
there will likely be an increased interest in assessing
biologic (cerebrospinal fluid or plasma) and imaging
biomarkers associated with cognitive impairment in the
AF population. Over the past decade, much progress
has been made toward detecting biomarkers of diag-
nostic and prognostic value for dementia.®” Identifying
specific biomarkers that predict cognitive decline in
patients with AF could potentially inform screening and
management strategies. Biomarkers may potentially

Circulation. 2022;145:392-409. DOI: 10.1161/CIRCULATIONAHA.121.065018


https://www.clinicaltrials.gov
https://www.clinicaltrials.gov
https://www.clinicaltrials.gov
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.121.055018
https://www.clinicaltrials.gov
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.121.055018

2202 ‘Sz |udy uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Rivard et al

refine risk stratification in patients deemed clinically at
low risk.°® Nonetheless, the limitations of biomarkers
for everyday clinical use must balance predictive ability
against practicality.”’

Role of an Integrated Approach

In a Korean nationwide registry, incident AF was associ-
ated with an increased risk of dementia, independent of
clinical stroke, in an elderly population; OAC and good
blood pressure control were linked to a decreased in-
cidence of dementia.®® An integrated care approach to
AF management that includes treatment of related risk
factors was associated with a lower risk of dementia.'®

Key point 6: Several studies indicate that OAC is
associated with reduced development of cognitive dys-
function. Prospective randomized studies are required to
confirm these findings.

Key point 7: Cognition/cognitive decline using reliable
measures of cognitive function should be included as a
primary or secondary end point in future prevention trials
in AF and in large registries or cohort studies.

Key point 8: Studies of screening for unrecognized AF
followed by treatment are required to determine whether
this strategy could reduce cognitive dysfunction in sub-
groups of patients, such as those at risk of cognitive
decline or with preexisting mild cognitive impairment.

PATIENT PERSPECTIVE

Contemporary data from population surveys have indi-
cated that the general public's knowledge regarding the
potential for dementia risk reduction and treatment of
symptoms remains poor. It is increasingly recognized that
incorporating the patient’s perspective into the measure-
ment of outcomes is an integral part of evaluating effect
of disease and treatment and improving health services
and care. A recent systematic review evaluated which
outcomes were most important to patients with mild cog-
nitive impairment or Alzheimer dementia, their caregivers,
and health care professionals.’”®" A total of 34 studies
conducted in 13 countries were included, involving be-
tween 4 and 1116 participants. These studies identified
32 outcomes across 7 domains (cognition; functioning
and dependency; behavioral and neuropsychiatric; patient
length and quality of life; caregiver-oriented outcomes;
health, social care, and treatment-related outcomes; and
social issues). Of these outcomes, 8 were relevant to all
stakeholders: memory decline; activities of daily living;
loss of functioning, independence, and autonomy; mental
health; quality of life; maintaining identity and personality;
caregiver burden; and health services and disease infor-
mation. There were 2 outcomes that only patients identi-
fied as important: length of life and executive function.
The literature regarding patient-reported outcomes
and patient preferences among participants reflecting
the dementia spectrum is sparse. Patient-reported out-
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comes and patient preferences have not been routinely
incorporated into clinical trials or research registries of
patients with cognitive dysfunction.” Instead, surrogates
for patient-reported outcomes are typically used, such as
activities of daily living and cognition; patient preferences
are often ascertained indirectly from health-related out-
come measures or health-utility indices. The use of proxy
measures is limited by being too generic, reliance on
the caregiver rather than the patient perspective, lack
of comprehensiveness across the entire dementia spec-
trum, preference for ease of measurement rather than
patient perspective, and lack of validity.”

Important knowledge and research gaps exist regard-
ing the lived experience of the individual across the
dementia spectrum. It is critical that future research
of dementia and cognitive impairment in AF involves
increasing public awareness of early detection and
prevention, identification of patient-specific outcome
priorities and patient preferences, and development of
patient-reported outcomes that are easily measured and
statistically robust to allow for routine use.

Key point 9: Patient perspectives regarding AF-related
cognitive impairment should be integrated into outcome
measurements and possible treatments for AF-related
cognitive decline.

CONCLUSIONS

AF and cognitive impairment are major health issues
that are expected to increase exponentially in the fu-
ture. Patients place a high degree of importance on
cognitive dysfunction and dementia as outcome mea-
sures. Numerous observational studies have described
an association between AF and cognitive dysfunction
ranging from mild impairment to overt dementia. The
association is independent of manifest stroke as well as
of the several risk factors common to both entities. Sev-
eral pathophysiologic mechanisms have been proposed,
some of which are potentially amenable to early inter-
vention. Prospective and randomized clinical trials are
required to understand links between AF and cognitive
decline and to determine which interventions could ef-
fectively prevent decline in cognitive function and avert
or delay the onset of dementia. These are required be-
fore screening for AF could be considered as a strategy
to prevent or delay dementia.
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