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PURPOSE: Cognitive impairment is a common consequence of stroke and has direct implications for poststroke functioning
and quality of life, including the ability to maintain a job, live independently, sustain interpersonal relationships, and drive a
vehicle. In this scientific statement, we critically appraise the literature on the prevalence, diagnosis, and management of
poststroke cognitive impairment (PSCI) and provide a framework for clinical care while highlighting gaps that merit further
study.

METHODS: We performed a scoping literature review of randomized controlled clinical trials, prospective and retrospective
cohort studies, case-control studies, clinical guidelines, review articles, and editorials on the incidence and prevalence, natural
history, diagnosis, and management of PSCI. Scoping reviews determine the scope of a body of literature on a given topic to
indicate the volume of literature and the studies currently available and provide an overview of its focus.

RESULTS: PSCI is common after stroke, especially in the first year, and ranges from mild to severe. Although cognitive
impairment is reversible in some cases early after stroke, up to one-third of individuals with stroke develop dementia within
5 years. The pathophysiology is not yet fully elucidated but is likely attributable to an acute stroke precipitating a series
of pathological events, often in the setting of preexisting microvascular and neurodegenerative changes. Screening for
associated comorbidities and interdisciplinary management are integral components of the care of individuals with PSCI.
There is a need for prospective studies evaluating the individual trajectory of PSCI and the role of the acute vascular event
in the predisposition for Alzheimer disease and related dementias, as well as high-quality, randomized clinical trials focused
on PSCI management.
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severity from mild to severe and occurs in up to 60%

of stroke survivors in the first year after stroke, with
a higher rate seen shortly after stroke.'™ Up to 20% of
individuals with mild PSCI recover fully, with the high-
est rate of recovery seen shortly after stroke.® However,
improvement in cognitive impairment without return to
prestroke levels is more frequent than complete recov-
ery.®” The risk of developing future dementia is increased

Post-stroke cognitive impairment (PSCI) ranges in
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after stroke even in those with transient cognitive
impairment® The American Heart Association/Ameri-
can Stroke Association statement “Vascular Contribu-
tions to Cognitive Impairment and Dementia,” published
in 2011, addressed the construct of vascular cognitive
impairment (VCI), which captures the entire spectrum of
cognitive disorders associated with all forms of cerebral
vascular brain injury, with or without a clinical history of
stroke, with a focus on the role of vascular contributions
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to dementia® In 2021, the European Stroke Organiza-
tion and European Academy of Neurology published joint
guidelines on PSCI based on evidence from randomized
controlled trials, highlighting areas for which robust evi-
dence is lacking and suggesting priority areas for future
research.' In this scientific statement, we discuss PSCI,
defined as cognitive impairment resulting from an overt
stroke (ischemic or hemorrhagic) and ranging from mild
cognitive impairment to dementia, and provide an action-
able summary that delineates a general framework for
PSCI screening, diagnosis, and management.

This scientific statement is based on a scoping litera-
ture review primarily within the past 10 years of random-
ized controlled clinical trials, prospective and retrospective
cohort studies, case-control studies, clinical guidelines,
review articles, and editorials on the incidence and preva-
lence, natural history, diagnosis, and management of PSCI.

DEFINITIONS

The following are key definitions differentiating VCI and
dementia from PSCI and dementia:

VCI refers to cognitive impairment of any sever-
ity associated with cerebrovascular disease regardless
of the occurrence of stroke symptoms."" The types of
vascular injuries leading to VCI range from an insidi-
ous, progressive accumulation of microvascular patho-
logical changes (eg, diffuse white matter injury detected
on magnetic resonance neuroimaging as white matter
hyperintensities or leukoaraiosis, cerebral microbleeds,
enlarged perivascular spaces, or cortical microinfarcts) to
a single or multiple clinical stroke events affecting brain
structures critical for cognition.™

Vascular dementia is the end of a continuum of sever-
ity of clinical manifestations of VCI.6

PSCI refers to any severity of cognitive impairment,
regardless of cause, noted after an overt stroke.5'®

Poststroke dementia (PSD) is the end of a continuum
of severity of clinical manifestations of PSCI and refers
to all types of dementia after stroke.®

PREVALENCE AND INCIDENCE OF PSCI

The prevalence of cognitive impairment after ischemic
or hemorrhagic stroke differs by the timing of assess-
ment, diagnostic criteria, demographics (eg, age, race,
or ethnicity), era of study publication, and case mix (eg,
stroke severity, prior/recurrent stroke, prestroke demen-
tia, population versus hospital based, interval from stroke,
inclusion of patients with aphasia), resulting in substan-
tial heterogeneity in reported estimates.*'® PSCI is
most common in the first year after stroke, occurring in
up to 60% (cumulative incidence) of stroke survivors,
with the highest rate seen shortly after stroke.* About
44% of individuals are impaired in global cognition 2 to
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6 months after stroke.® However, a large population of
stroke survivors have cognitive impairment that is not
sufficient to meet diagnostic criteria for dementia but still
affects quality of life.'” A systematic review that included
23 studies published between 1995 and 2017 found a
pooled prevalence of PSCI without dementia in the first
year after stroke of 38% (95% ClI, 32%-43%), thus
concluding that 4 in 10 stroke survivors display a level
of cognitive impairment that does not meet the criteria
for dementia.'®

In studies in which cognitive performance is assessed
after but not before the stroke, the estimates of PSCI
may be affected by impairment that may have been
present before the stroke onset.'® For example, in the
Nor-COAST multicenter prospective cohort study (Nor-
wegian-Cognitive Impairment After Stroke) of mostly
mild stroke (N=617), PSCI (including dementia) was
prevalent in 59% of participants at 3 months and 51%
at 18 months.”® In this study, 9% of participants had pre-
stroke mild or major cognitive impairment.” In another
cohort of individuals with mild stroke (N=220) that
excluded prestroke cognitive impairment, the overall fre-
quency of 3-month PSCI was 47.3%.2

The prevalence of PSD varies by stroke sever-
ity and history of stroke recurrence, and PSD occurs
less frequently than milder forms of cognitive impair-
ment2%2! PSD rates in the first year after stroke range
from 7.4% (95% Cl, 4.8%—10.0%) in population-based
studies of first-ever stroke in which prestroke demen-
tia was excluded to 41.3% (95% ClI, 29.6%-53.1%) in
hospital-based studies of recurrent stroke in which pre-
stroke dementia was included. About 10% of patients
have dementia before the first stroke; 10% develop new
dementia soon after first stroke; and more than one-third
have dementia after recurrent stroke.'

Racial differences in the frequency and severity of PSCI
have been reported.® Stroke in Black patients results in a
greater cognitive decline and is more frequently associ-
ated with dementia within b years of ischemic stroke com-
pared with White patients, despite Black patients being
younger at the time of the incident stroke.?®

Prestroke cognitive impairment, PSCI, and dementia
are frequent in patients with intracranial hemorrhage
(ICH) and higher in those with lobar ICH.?4?% In a pro-
spective observational cohort study of 218 patients
without preexisting dementia, the incidence rate of new-
onset dementia at 1 year after ICH was 14.2% (95%
Cl, 10.0%-19.3%) and at 4 years was 28.3% (95% ClI,
29.4%-34.5%).25 The incidence of new-onset demen-
tia was >2 times higher in patients with lobar ICH (inci-
dence at 1 year, 23.4% [95% Cl, 14.6%-33.3%)]) than
in patients with nonlobar ICH (incidence at 1 year, 9.2%
[95% CI, 5.1%—14.7%)]).®

In subarachnoid hemorrhage (SAH), impairment in at
least 1 neuropsychological domain is common. Depend-
ing on the assessment tool, the rates of impairment on
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global cognitive tests after SAH ranges between 26% to
43% at 3 months and 21% at 12 months.?%%"

NATURAL HISTORY OF PSCI

The temporal pattern of PSD based on clinical observa-
tion is variable. It may (1) start at the onset of stroke and
stabilize, (2) start at the onset of stroke and progress, (3)
develop after recurrent strokes, (4) develop at the onset
of stroke in the presence of preexisting cognitive impair-
ment, or (5) develop >3 to 6 months after stroke.?®

The majority of studies on cognitive impairment after
stroke report a prevalence or cumulative incidence of
dementia at specific time points with relatively few data
on individual cognitive trajectories that describe the
course and cause of cognitive change over time. If cog-
nitive assessment is done in the early poststroke period,
estimates of impairment are even more elevated (up to
91.5% at 2 weeks in 1 series).?® Although early post-
stroke impairment is common, PSD may be an inap-
propriate label for these early fluctuations in cognition
because improvement may occur, especially within the
first 6 months after stroke.3°-3® However, cognitive recov-
ery may be limited in patients with multiple comorbidities,
polypharmacy, older age, and previous cognitive decline.

Data on PSCI in the long-term are sparse. In a small
study (N=109) of stroke and transient ischemic attack
survivors at 7 years after the index event, 37% had mild
cognitive impairment and 22% had dementia.*® Another
study reported an overall prevalence of cognitive impair-
ment 3 months after stroke and at annual follow-up up to
14 years after stroke that remained relatively unchanged
at 22%.' Two large population studies found the longitu-
dinal risk of dementia to vary according to stroke sever-
ity.2%2" In the Atherosclerosis Risk in Communities cohort
study (N=15379 participants free of stroke and dementia
at baseline), the risk of dementia compared with no stroke
over a median follow-up of 25.5 years by adjusted hazard
ratio was 1.76 (95% Cl, 1.49-2.00) for 1 minor to mild
stroke, 3.47 (95% Cl, 2.23-5.40) for 1 moderate to severe
stroke, 3.48 (95% ClI, 2.54-4.76) for =2 minor to mild
strokes, and 6.68 (95% Cl, 3.77-11.83) for >2 moder-
ate to severe strokes?' Similarly, in the population-based
longitudinal Oxford Vascular Study, compared with popula-
tion dementia rates for the UK population >65 years of
age, postevent dementia incidence in the first year after
stroke was higher than expected for all categories of
cerebrovascular event, with the age- and sex-adjusted
relative incidence ranging from 3.5 (95% Cl, 2.5-4.8)
after transient ischemic attack and 5.8 (95% Cl, 4.4-75)
after minor stroke to 47.3 (95% ClI, 35.9-61.2) after
severe stroke, with less marked increased relative inci-
dence thereafter® The b-year cumulative incidence of
new PSD was 33.1% (95% ClI, 31.7%—-34.5%) after
stroke, with 51% of dementia diagnosed within the first
year and greater front-loading of risk in those with major
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than in those with more minor stroke.?® Because death is
a competing risk for dementia (ie, it precludes the occur-
rence of dementia), exploratory analysis using the cumu-
lative incidence competing-risk methods showed a lower
cumulative incidence of dementia associated with severe
stroke (National Institutes of Health Stroke Scale score
>10) compared with that obtained with Kaplan-Meier
methods.?® Additional studies are needed to better char-
acterize these temporal patterns and possible contribut-
ing factors.

DELAYED-ONSET PSCI

Although there is no widely accepted consensus defini-
tion, late PSCl is usually defined as new cognitive impair-
ment or dementia with onset >3 to 6 months after the
stroke.®® The risk factors and pathophysiological mecha-
nisms of late poststroke cognitive decline and dementia
differ from those of early PSCI. One major risk factor
is stroke recurrence, which may be decreased by robust
secondary stroke prevention. The incidence of new
dementia is much higher after a second stroke.'6202!
Among those with late-onset PSCI without recurrent
symptomatic stroke, the progression of cerebral small-
vessel disease and covert stroke appears to play an
important role, although other neurodegenerative dis-
eases such as Alzheimer disease (AD) also need to be
considered.®®3” Other risk factors for late poststroke
cognitive decline include older age, baseline cognitive
impairment, hypertension, diabetes, and brain atrophy.®

In the REGARDS study (Reasons for Geographi-
cal and Racial Differences in Stroke), incident first-
ever stroke was associated with a stepwise immediate
decline in cognitive function, followed by an accelerated
risk for future cognitive decline greater than what was
expected for age.?? This acceleration in cognitive decline
was greater in older stroke survivors than younger stroke
survivors.?? A systematic review of population-based and
hospital-based cohorts found that the overall incidence
of new dementia >6 months after stroke was 1.7%/y
but varied by stroke severity.'® In the Framingham study,
the 10-year risk of dementia was 19.3% after stroke and
11.0% without stroke. Incident stroke doubled the risk of
dementia even after adjustment for age, sex, education,
and stroke risk factors.®®

DIFFERENTIAL DIAGNOSIS

In addition to the direct effects of the stroke, cognitive
function after stroke can be affected by other stroke
complications (eg, hyponatremia, delirium, depression),
as well as by prestroke cognitive decline and coexist-
ing age-related neuropathologies. Delirium is a common
complication of stroke, occurring in #25% of admitted
patients, and should be differentiated from PSCI.2° The
clinical hallmarks of delirium are alterations in arousal
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and attention, cognition, and behavior that arise over a
short period of time, typically in the acute or early sub-
acute phase of stroke, and are not better explained by a
neurodegenerative disorder or PSCI.*° Delirium is more
common in patients with stroke who are older and have
more severe stroke, poststroke infection, prestroke cog-
nitive decline, and greater brain atrophy.*' Furthermore,
stroke lesion topography has been linked to delirium in
patients hospitalized with stroke.*? Workup for delirium
should include assessment of electrolytes; tests of liver
and renal function; assessment for infection, constipa-
tion, and pain; and a review of medications.

To exclude potentially reversible causes of impair-
ment, the clinician should obtain laboratory testing for
thyroid-stimulating hormone and vitamin B ,* and
should consider the potential cognitive effects of mood
disorders; sleep disorders, including obstructive sleep
apnea and sedating and anticholinergic medications;
and hearing and vision impairments. Poststroke depres-
sion is common, affecting about one-third of individuals
in the first year after stroke.** Poststroke depression is
often accompanied by cognitive symptoms, which makes
differentiating it from primarily PSCI more complex.
Because depression-related cognitive symptoms may
resolve with the treatment of depression, it is important
to screen for poststroke depression, especially when
PSCl is suspected.** The use of a depression screening
tool validated in patients with stroke may aid in recogni-
tion of depression.*® Risk factors for poststroke depres-
sion include higher physical disability; prestroke history
of depression, anxiety, and cognitive impairment; and
lack of social and family support.*

Poststroke cognitive decline should be differentiated
from prestroke decline. Questioning the patient and an
informant about cognitive-related activities of daily living
(eg, finances, shopping, and organizing medications) or
using a validated questionnaire such as the Informant
Questionnaire on Cognitive Decline in the Elderly or the
Eight-ltem Informant Interview to Differentiate Aging
and Dementia may determine whether there was cogni-
tive impairment that predated the stroke.*®™*® Causes of
cognitive impairment before stroke can include vascular
cognitive disorders such as covert cerebral small-vessel
disease related to stroke risk factors and comorbid age-
related neurodegenerative diseases such as AD.

In the elderly, it is common for dementia to have multi-
ple causes (also called mixed dementia), most frequently
a combination of vascular disease and irreversible neuro-
degenerative pathologies, particularly AD.° More research
is needed on how to accurately diagnose AD and other
neurodegenerative pathologies in the setting of a recent
stroke. Biomarkers of the AD pathophysiological process
such as -amyloid and tau can be measured in cerebro-
spinal fluid or blood or by positron emission tomography.
However, such testing is currently expensive, invasive, or
not widely available for routine use.
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SYMPTOMS AND COGNITIVE DOMAINS
AFFECTED

Anindividual's cognitive trajectory in the months after stroke
might be affected by multiple factors, including the stroke
location, preexisting cognitive impairment, small-vessel dis-
ease and comorbidities, sociocultural (eg, socioeconomic
status) and demographic (eg, age and sex) characteristics
of the person experiencing the stroke, and the interven-
tions provided. Stroke location has been linked to the type
of cognitive deficits observed but is not perfectly predic-
tive of cognitive impairment. Involvement of strategic loca-
tions such as the left frontotemporal region, left thalamus,
and right parietal lobe,* as well as the left middle cerebral
artery territory, has been associated with increased likeli-
hood of PSCI®® Support vector regression-based lesion
symptom mapping performed 3 to 6 months after an
ischemic stroke identified the left angular gyrus, left basal
ganglia structures, and white matter around the left basal
ganglia as strategic structures for global cognitive impair-
ment after stroke®' Larger strokes tend to involve many
of these regions, making it hard to differentiate cognitive
impairment attributable to regional involvement from that
attributable to stroke size and severity. Because aphasia is
common after left middle cerebral artery stroke and several
commonly used cognitive tests and screening instruments
depend on intact language function, the severity of cogni-
tive impairment may be overestimated in individuals with
aphasia and with left middle cerebral artery strokes. Fur-
thermore, some studies explicitly exclude individuals with
aphasia, leading to difficulties capturing the true rates of
cognitive impairment in the broader stroke population.

Global cognitive deficits have been described in the
poststroke setting®® but this global impairment may
reflect the use of global cognitive measures in many
studies.®® Difficulty with executive function and attention
(and, in some studies, memory) is common after ischemic
stroke® but also has been reported to show the most
improvement by 3 to 6 months after stroke, whereas
impairment in the language domain does not tend to
improve.®*® Patients with ICH show cognitive deficits
similar to those of patients with ischemic stroke,*® with
different domains affected depending on the location (ie,
lobar vs nonlobar) of the ICH.5"

Patients with SAH frequently have less baseline vas-
cular disease or subclinical cerebrovascular disease
(both important contributors to PSCI) than other stroke
populations. Yet, multiple cognitive domains may be
impaired with SAH, with the highest rates of impairment
noted in executive function and verbal memory.285°

PATHOPHYSIOLOGY

In the general population, small-vessel disease is the big-
gest contributor to VCl and dementia, whereas in the post-
stroke population, there is a relatively greater contribution
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Figure 1. Brain susceptibility to PSCI and dementia.

Conceptual framework for factors contributing to the pathophysiology of poststroke cognitive impairment (PSCI). AD/ADRD indicates Alzheimer
disease and related dementias; BBB-P, blood-brain barrier permeability; Rx, treatment; and SVD, small-vessel disease.

from larger, more destructive embolic infarcts. The exact
pathophysiology of PSCl is not well understood given the
paucity of knowledge about the effects of specific stroke
subtypes (ie, acute ischemia, ICH, or aneurysmal SAH),
as well as the variable contributions of the severity of the
injury, the lesion location, and the interaction between the
preexisting brain pathology and an acute stroke event,
which may serve as a trigger for or accelerate cognitive
decline in a vulnerable brain.’3%° The constructs of brain
reserve and brain resilience as they relate to brain health
are evolving.?'€? Brain reserve is the difference between
the degree of brain damage observed in an individual and
the clinical manifestation of that damage. Brain resilience
is a combination of the capacity of the brain to counteract
the lifetime accumulation of damage and the compensa-
tory mechanisms that can be used to mitigate the effects
of this damage.®'€? It is likely that brain reserve and resil-
ience and the factors contributing to them also play a role
in the degree of cognitive impairment in the setting of
stroke-related brain injury (Figure 1).

In most brains affected by stroke, there are diffuse age-
related changes involving the smallest building block of the
brain parenchyma, the neurovascular unit, which includes
neurons, astrocytes, pericytes, microglia, and blood ves-
sels.®® The neurovascular unit is the key structural element
of what has been called brain health, or the capacity of the
brain to operate at its optimal state of structural and func-
tional integrity, in the absence of or despite the impact of
insidious or precipitous injuries related to cerebrovascular
dysfunction, metabolic disarray, proteinopathies, or inflam-
matory responses’ % The structural elements of the
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neurovascular unit are often damaged by stroke-related
injury, possibly leading to PSCI (Figure 1).2'%? However, the
same elements can also be considered points of interven-
tion for future treatments, rehabilitation, and prevention
strategies involving lifetime environmental exposures, vas-
cular risk factor modification, and even gene therapies.%®

RISK FACTORS

Risk factors for PSCI reflect prestroke cognitive decline,
preexisting cerebral vulnerability/reduced reserve, and
the impact of the stroke; a minor stroke may precipitate
dementia in an older person with a vulnerable brain.'6203¢
Key vulnerability factors include age, cerebral small-vessel
disease, and neurodegeneration, which may be partially
mitigated by higher educational attainment and premor-
bid intelligence (indicators of cerebral reserve).!82036
Comorbid poststroke depression is also an important fac-
tor associated with PSCI, and the 2 disorders frequently
coexist, possibly through shared mechanisms. The risk
associated with the effects of late-life vascular factors on
early poststroke cognitive decline is unclear except for
diabetes, which has been associated with an increased
risk.% Strong social networks may be a protective factor,
although evidence specifically in PSCl is sparse.

PSCI is more common with higher stroke lesion load
such as in severe or recurrent strokes.'62%% The risk of
PSCI varies with stroke subtype (higher in hemorrhagic
and cardioembolic stroke compared with lacunar stroke),
likely driven partially by the corresponding stroke sever-
ity. Lesion location is important because risks are higher
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in stroke affecting specific brain regions (see the Symp-
toms and Cognitive Domains Affected section).

In ICH, lobar location carries greater risk than deep
location, likely because lobar hemorrhages are associ-
ated with underlying cerebral amyloid angiopathy.?>77! In
aneurysmal SAH, delayed cerebral ischemia and chronic
hydrocephalus predict PSCI, but the underlying biologi-
cal mechanisms remain poorly understood.”” Compared
with aneurysm coiling, aneurysm clipping in SAH may
be associated with a higher rate of executive dysfunc-
tion and lower scores on language tests®® However,
this may be confounded by other underlying patient
characteristics.

Brain imaging findings (lesion volume, white matter
hyperintensities, atrophy) are proxies for stroke severity
and brain vulnerability, with lobar microbleeds and global
small-vessel disease burden being important predictors
of dementia after hemorrhagic stroke. 777 However, it
remains unclear to what extent imaging biomarkers pre-
dict PSCI over and above clinical factors, including acute
cognitive status (delirium, low cognitive test score), which
is a powerful predictor capturing both prestroke decline
and lesion impact.'®%"" Poststroke delirium is associated
with higher risk for PSD and lower survival.™ APOE &4
homozygous genotype is a possible risk factor for pre-
stroke dementia and PSD, accelerating early decline
after major stroke and increasing the probability of later
dementia after less severe events.”

Knowledge gaps remain, particularly in our under-
standing of the role of noncerebral factors, including
infection, frailty, and social factors. Further studies are
needed to understand the independent predictors of
poststroke cognitive decline and whether blood and
cerebrospinal fluid biomarkers and brain imaging add
predictive value over clinical factors.

ASSOCIATION WITH OTHER POSTSTROKE
OUTCOMES

PSCl is associated with other adverse outcomes, includ-
ing physical disability, sleep disorders, depression,
personality and behavioral changes, and other neuro-
psychological changes, all contributing to a lower quality
of life.” Independently of the occurrence of PSCI, these
outcomes are common after stroke (Figure 2).4476-82
Risk factors, including older age, stroke severity, his-
tory of stroke, multiple comorbidities, lower educational
attainment, and social isolation, also overlap.'®®® Coexist-
ing adverse poststroke outcomes and multimorbidity can
complicate timely diagnosis and effective treatment?* for
example, the exacerbation of cognitive impairment after
stroke attributable to undiagnosed depression.'

In patients with physical deficits after stroke, func-
tional outcomes, measured with the modified Rankin
Scale, Barthel Index, or assessment of activities of daily
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living, are directly affected by cognitive impairment in that
patients with PSCI may have difficulty participating in
rehabilitation and experiencing the full benefit of a reha-
bilitation program. Cognitive dysfunction, however, is not
conditional on physical disability; PSCI may occur after
mild stroke or transient ischemic attack.®'62

Along with a cognitive assessment after stroke,
patients should be evaluated for problems with physical
function, sleep, mood, anxiety, apathy, fatigue, and other
personality and behavioral changes both in the acute
stage and later during recovery. Although the associa-
tion between these conditions and PSCl is incompletely
understood, they all contribute to reduced quality of life in
stroke survivors (Figure 2). Poor access to resources and
stigma surrounding diagnoses of dementia, disability, and
depression may impede care.®®

Robust clinical trial data on the impact of neuro-
psychological treatments or sleep interventions on
PSCI are lacking, although improving physical activ-
ity®® and using an antidepressant®” may provide small
or short-term benefits in specific cognitive domains.
Further research is needed to understand the effect
of sleep interventions such as continuous positive air-
way pressure for sleep apnea on poststroke cognitive
outcomes.?® Research is also needed to determine the
frequency of the co-occurrence of these sleep-related
conditions in patients with PSCI.

SCREENING AND DIAGNOSTIC
MODALITIES

Cognitive complaints, or subjective reports of cognitive
decline, are common in patients after stroke®*° and
are linked to objective cognitive impairment as deter-
mined by performance-based, standardized measures
of cognitive function.®®-°2 However, several factors affect
patients’ report of cognitive problems beyond the pres-
ence of objective cognitive dysfunction. Higher psycho-
logical distress (eg, depression, negative affect) has
been linked to increased report of cognitive difficulties
after stroke, independently of the severity of objective
cognitive impairment.89°% Anosognosia, or lack of aware-
ness of the presence or severity of a person’s own cogni-
tive deficits, often results in underreporting of cognitive
problems.®* Additional information can be gathered from
collateral sources such as family members or caregivers.
Informant report is specific but insensitive to PSCI and
can be affected by interpersonal and cultural factors.®®
Thus, although the report of cognitive decline by patients
and their informants is important, objective cognitive
assessment is crucial to accurately identify cognitive
dysfunction, particularly when anosognosia is present.
Although there is no gold standard for cognitive
screening after stroke, several brief cognitive screening
tests (<30 minutes) have been used to identify PSCI.26-100
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Figure 2. Comorbid conditions occurring in patients with PSCI and dementia contribute to reduced quality of life. Definitions of
poststroke outcomes and their approximate incidence or prevalence (percent) within 12 months after stroke.

PSCl indicates poststroke cognitive impairment.

The Mini-Mental State Examination and the Montreal
Cognitive Assessment have been the most widely stud-
ied cognitive screening instruments6%8%° with the
Montreal Cognitive Assessment generally being recom-
mended over the Mini-Mental State Examination,?698101
particularly in subacute phases after stroke,'® because it
has less of a ceiling effect and is more sensitive to mild
cognitive impairment. However, several other cognitive
screens show initial evidence for their utility in identify-
ing cognitive impairment after stroke.®~'% The choice of
the best screening tool to use for a given patient will

Stroke. 2023;64:00-00. DOI: 10.1161/STR.0000000000000430

vary according to the psychometric properties of the test;
demographic (age, sex, educational attainment), cultural,
and language characteristics of the patient; circum-
stances of test administration (eg, time, bedside/clinic/
telehealth); and the presence of other stroke-related
impairments.'”

Unfortunately, most screening instruments were not
developed to identify the heterogeneous presentation of
poststroke cognitive deficit and might miss subtle (yet
impactful) poststroke cognitive changes. Furthermore,
stroke-related impairments such as motor weakness,
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unilateral neglect, and aphasia, as well as demographic
factors such as education, language, or culture, may ren-
der standard cognitive screening tools inadequate.'®* Tai-
lored comprehensive neuropsychological evaluations that
use appropriate normative data; consider demographic
(educational attainment, age, and sex), cultural, and lin-
guistic factors; and account for stroke-related deficits may
improve diagnostic accuracy, provide a thorough charac-
terization of the patient's cognitive strengths and weak-
nesses, and identify mild cognitive changes over time.

Early detection of cognitive impairment in the acute
stroke unit is essential for informing interventions and for
discharge planning; the natural history of PSCI indicates
that it is also important to assess for cognitive changes
over time. However, the comparative effectiveness of dif-
ferent screening strategies—including whom to screen,
when, and how often—has not been evaluated in pro-
spective clinical trials. There are potential downsides to
screening, including cost and the potential to falsely label
patients as having cognitive impairment on the basis of
low test scores from confounding factors such as cul-
tural bias, education bias, test anxiety, or administration
in a second language. False-positive diagnoses can
cause harm by inducing psychological distress or reduc-
ing patient autonomy, for example, by leading to loss of
the license to drive or the ability to independently man-
age financial affairs. These uncertainties notwithstand-
ing, which should be addressed in future research, it is
unquestionably necessary to screen whenever there is
a cognitive complaint or clinician concern about cog-
nitive ability. Clinician concern should be triggered by
unexplained patient difficulties with cognitive-related
activities of daily living, following clinician instructions,
or providing a reliable history. Stroke systems of care
need to be resourced to provide cognitive screening and
assessment in patients at risk, including sufficient time
for cognitive screens, if indicated, and health care profes-
sionals to follow up with detailed assessments and plans
for accommodation and rehabilitation.

MANAGEMENT OF PSCI
Interdisciplinary Collaboration

Collaboration among physicians, including neurologists,
gerontologists, and primary care physicians, speech lan-
guage pathologists, occupational therapists, neuropsy-
chologists, nurses, and related health professionals is
crucial throughout levels of poststroke care for the opti-
mal identification and management of cognitive problems
after stroke. A tailored neuropsychological evaluation is
best suited to thoroughly characterize cognitive strengths
and weaknesses, which is important for optimal manage-
ment of PSCI. This also will aid in individualizing care tai-
lored to the patient's needs, such that involvement of all
disciplines is not needed for all patients.
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For example, speech-language pathologists can iden-
tify and treat cognitive and communication deficits after
stroke (and dysphagia). Occupational therapists can
further evaluate and manage the functional impact of
cognitive problems in patients’ daily activity contexts. A
streamlined, interdisciplinary model of care beyond the
acute and subacute phases after stroke is needed for
optimal monitoring and management of cognitive deficits.
Telehealth services might be a useful tool to implement
such a model, provided that barriers to these services are
addressed.’®® Although referral patterns differ depend-
ing on local resources and expertise, Figure 3 provides
a decision tree to help guide collaborations among rel-
evant health care services, particularly in the process
of screening and diagnosis of PSCI in postacute care
settings, as comprehensive and evidence-based post-
acute care models are developed. The team composition
should be tailored to the symptoms and needs of the
individual patient.

Cognitive Rehabilitation

In general, cognitive rehabilitation (including restor-
ative cognitive training and functional cognitive reha-
bilitation) after stroke results in small improvements in
cognitive functioning compared with control conditions
(treatment as usual or active sham intervention).'0®
Small gains, both immediate and sustained, occur in
several cognitive areas (attention, memory, executive
function) and visuospatial neglect. Specifically, memory
gains occur with strategy training,'®'% but attention
training does not produce consistent benefits."'o!"!
Benefits of computerized cognitive training (eg, engag-
ing and gamified cognitive exercises accessed from the
patients’ own computers or mobile devices) over stan-
dard cognitive rehabilitation are inconsistent but tend
to be better with clinician-directed programs.''# '
Emerging evidence, albeit from small or lower-quality
studies,'"® suggests potential cognitive benefits of vir-
tual reality tools’ "% and training and education for
family and patients.'20-122

Physical Activity

Physical activity may have a positive impact on cognitive
function after stroke, with a possible advantage for aerobic
compared with nonaerobic exercise.''?®> Small studies
suggest cognitive benefits of specific forms of physical
activity such as tai chi,"?® boxing,'®” and resistance exer-
cises.'?® Evidence for the added benefit of using virtual
reality with physical activity is inconclusive.'?%13°

Medical and Pharmacological Treatments

Because the risk of PSCI increases with stroke
recurrence, secondary stroke prevention, including

Stroke. 2023;564:00-00. DOI: 10.1161/STR.0000000000000430
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Figure 3. Considerations for assessment and multidisciplinary evaluation of PSCI. PSCI indicates

poststroke cognitive impairment.

antihypertensive therapy, statins, diabetes control,
and anticoagulation for atrial fibrillation, is an impor-
tant approach to prevent the risk for or worsening
of PSCL'®" Treatments for hypertension and lifestyle
programs to reach target blood pressure after stroke
have to date failed to show positive impacts on cogni-
tive function.'¥2'3% Current evidence is insufficient to
prove whether some antihypertensive drug classes are
better than others at preserving cognition.”®* None-
theless, hypertension treatment reduces the risk of
incident and recurrent strokes, which are risk factors
for PSCI. In the general population, blood pressure
lowering with antihypertensive agents compared with
control is associated with a reduced risk of cognitive
impairment and incident dementia.”®®'3¢ More research
is needed to close the gaps in the disparities in hyper-
tension control that extend beyond lifestyle factors
and the effect of this on the incidence and progres-
sion of PSCI.

There are knowledge gaps in the effect of inter-
ventions for smoking, obesity, diabetes, hyperlipidemia,
and obstructive sleep apnea for reducing the risk of
PSCI, although they are generally considered to be
additional important modifiable risk factors for pre-
venting cognitive decline.’” Simultaneous treatment of

Stroke. 2023;64:00-00. DOI: 10.1161/STR.0000000000000430

multiple vascular risk factors compared with only one
or few was associated with a slower cognitive decline
in a cohort of patients with AD and could improve or
maintain cognitive functioning in at-risk elderly people
from the general population.'®®3° Similar studies of
multiple simultaneous interventions are needed in
patients with PSCI.

Because cognitive outcome has traditionally not
been considered an outcome measure in randomized
trials investigating the benefit of acute stroke treat-
ments, limited evidence exists with regard to their
effect on cognition, although it is postulated that PSCI
would be decreased because of a reduction in acute
lesion size and improved functional outcome. The few
studies that evaluated cognitive outcomes after acute
stroke treatments suggest that intravenous throm-
bolysis and mechanical thrombectomy improve cogni-
tive outcomes (compared with no treatment) but that
these benefits are strongly associated with functional
outcome,40-142

Systematic reviews of dopamine agonists'* and
selective serotonin reuptake inhibitors'4'% show no
consistent beneficial effects on cognition after stroke.
Individual small clinical trials have reported various phar-
maceutical agents that may have a potential benefit
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on global cognition: neurotrophics (Cortexin),'*” pep-
tides such as Cerebrolysin'*® and relaxin,'® citicoline
(cytidine-5"-diphosphocholine),’™ and nitrates (glyceryl
trinitrate).’®' Specific pharmaceuticals may affect defined
aspects of cognition, including the effects of dopamine
agonists on hemi-inattention™? and selegiline on atten-
tion and executive function.'?

Cholinesterase inhibitors (eg, donepezil, rivastig-
mine, and galantamine) and memantine, an N-methyl
D-aspartate receptor antagonist, are sometimes
prescribed for patients with dementia after stroke,
although more work is needed to define the safety
and efficacy of these drugs in this population.’™*1%°
Randomized trials provide moderate-quality evidence
for small improvements in cognition, of uncertain
clinical relevance, with donepezil, rivastigmine, galan-
tamine, or memantine; however, they are complicated
by adverse events (including dizziness and diarrhea)
and patient discontinuation.'®®

Emerging, Complementary, and Integrative
Treatments

Small studies have shown the benefits of remote
ischemic conditioning for visuospatial, attention, and
executive functions'™” and long-term (>6 months)
global cognition.'®® Further confirmatory studies with
larger samples are warranted.'®® Several studies sug-
gest potential benefit from transcranial magnetic
stimulation and transcranial direct current stimula-
tion (tDCS).'®%'8" In a meta-analysis of 15 studies
(N=820 participants) of tDCS, compared with sham
tDCS or control, anodal tDCS was associated with
a small improvement in the general cognitive and
attention performance but not with memory.'%® Most
of these studies, however, were of lower methodolog-
ical quality and lacked sham tDCS and safety data.’®®
Well-designed studies are needed to determine the
potential benefits of neuromodulation in the treat-
ment of poststroke cognitive deficits and to estab-
lish the optimal treatment protocols.'® Acupuncture
treatments may also have a positive effect on global
cognition.’271%% However, a meta-analysis suggests
that the majority of these studies were of low qual-
ity.'®* The combination of acupuncture with other
therapies (eg, cognitive or physical rehabilitation)
may enhance the benefits of either alone.!6216¢
Preliminary and exploratory studies suggest poten-
tial cognitive benefits from various herbal treatments
and vitamins, including huperzine A,'®" depsides salts
from Salvia miltiorrhiza,'®® ginkgo biloba,'®® pome-
granate polyphenols,'™ and Cerebralcare Granule,'
but no benefits from mailuoning,'™ folic acid, and
B vitamins.'™ None of these are approved by the
US Food and Drug Administration for use in PSCI.
Last, there is a paucity of randomized studies on the
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potential effects of heart-healthy diets (eg, DASH
[Dietary Approaches to Stop Hypertension] diet,
Mediterranean diet, MIND [Mediterranean-DASH
Intervention for Neurodegenerative Delay] diet) on
cognition after stroke.

ANTICIPATORY GUIDANCE FOR PATIENTS
AND THEIR CAREGIVERS

Actionable Considerations for the Clinician
When Cognitive Impairment Is Detected on
Screening

Stroke survivors with dementia are at higher risk of
death, disability, and institutionalization.'™ When cog-
nitive impairment is detected on screening, com-
prehensive cognitive evaluation such as a battery
of standardized neuropsychological assessments
can further help characterize impaired cognitive
domains.'™ In addition to the management of post-
stroke cognitive deficits described previously, other
considerations include assessing for safety issues in
the home environment, return to work (if applicable),
and driving, as well as assessing for caregiver fatigue
and connecting patients and caregivers with available
community resources when possible. Advance care
planning, including personal medical directives and
identifying an enduring power of attorney, should also
be considered.

Home Safety

Recommendations for home safety after stroke are
related predominantly to the ability to perform daily
activities of living as a result of limitations in mobility
and cognition. The most common issues in the home
environment for stroke survivors are using the bath-
room and having limited mobility and communication.'”
Examples of recommendations for these issues include
providing appropriate equipment for mobility, installing
grab bars or raising toilet seats in the bathroom, and
establishing a personal emergency system for simpli-
fied access to immediate help.'™ Impaired cognition is
also associated with falls, and the majority of falls occur
at home.'” To ensure home safety, health care profes-
sionals need to assess the home environment, identify
home safety issues, and provide appropriate recom-
mendations to stroke survivors and their caregivers.
Transitional care processes, especially those that are
more intensive, may increase home safety and reduce
hospital readmission rates.'”

Return to Work

Evidence for a relationship between cognitive function
and return to work after a stroke comes primarily from

Stroke. 2023;564:00-00. DOI: 10.1161/STR.0000000000000430
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Cognitive and brain reserve
Educational or occupational attainment

Genetic factors
Neuroanatomical and structural properties of the brain
Functional properties of the brain

Risk factors for PSCI
Older age
Race and ethnicity*
“Strategic” stroke location
Stroke severity
Preexisting cognitive impairment
Vascular comorbidities
Stroke recurrence
Coexisting neurodegenerative disease
Diabetes

Pathophysiology of PSCI

Preexisting brain pathology
(microvascular, neurodegenerative)

Loss of structural and
functional connectivity

Disruption of the neurovascular unit

Assess for cognitive impairment:
Obijective cognitive assessment using bedside screening tools
Objective cognitive assessment using formal neuropsychological testing/

'

Explore and manage alternative diagnoses:
Delirium
Depression
Metabolic disturbance
Infections
Medication side effects and polypharmacy
Hearing
Vision impairments
Prestroke cognitive decline

'

[ Management of Poststroke Cognitive Impairment ]

Manage associated
comorbidities

Physical disability
Sleep disorders
Social isolation

Anticipatory Guidance
Home safety
Driving safety
Return to work
Support from caregiver
Caregiver fatigue

Mood and anxiety disorders

Minimize progression of
cognitive impairment
Secondary stroke
prevention

Optimize functioning

Cognitive rehabilitation and
interdisciplinary care

Physical activity

Consider pharmacological
treatments

Figure 4. Summary of contributing factors, differential, and considerations for management of PSCI.

PSCl indicates poststroke cognitive impairment.

“For example, in the United States, Black individuals are at higher risk than White individuals.

prospective observational studies. Deficits in global cog-
nitive function' and specifically executive function'®
are negatively related to return to work. The risk of cog-
nitive decline at 1 year after stroke is higher for people

Stroke. 2023;64:00-00. DOI: 10.1161/STR.0000000000000430

who were not employed before the stroke and for those
who did not return to mentally stimulating jobs after a
stroke.’®! Qualitative studies consistently indicate that
lack of knowledge of or support for invisible deficits such
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Table 1.

Cognitive Impairment After Ischemic and Hemorrhagic Stroke

Considerations for Clinical Practice and Gaps Needing Additional Studies According to Section

Section

Suggestions for clinical practice

Gaps

Prevalence and
incidence

There is substantial heterogeneity in the reported prevalence of PSCI
explained mostly by the cohort selection criteria.

PSCl is most common in the first year after stroke, occurring in up to
60% of stroke survivors: About 38% have mild cognitive impairment,
and 7%-41% have dementia.

Estimates of incidence adjusted for competing risk of death,
overall and in specific subgroups, including people of
underrepresented races and ethnicities and women.

Natural history

PSCI tends to improve over time, with most recovery occurring within
the first 3 to 6 mo.

Individual poststroke cognitive trajectories

Delayed-onset cogni-
tive impairment after
stroke

Late PSD (onset >3-6 mo after the stroke) occurs in ~1.7% of stroke
survivors per year.

Characterization of the types of late PSD

When reporting on delayed-onset cognitive impairment,
studies should exclude those with impairment before 3 to
6 mo from the stroke and thus not report the cumulative
incidence of cognitive impairment that combines early and
delayed onset.

Differential diagnosis

Differential diagnosis:
Prestroke cognitive decline
Coexisting age-related neuropathologies (example AD)
Effects of medical conditions and complications, such as metabolic
abnormalities, medication side effects, infections, delirium, sleep
disorders, hearing and vision impairments, and depression

Whether fluid (blood/CSF) and imaging biomarkers should
be used to assist with the diagnosis of PSCI

Symptoms and cogni-
tive domains affected

Cognitive deficits can be global or limited to specific domains.

Better understanding of how stroke location and size
interact with cognitive reserve to cause PSCI with different
severities and cognitive profiles.

Pathophysiology

Stroke-related injury to the neurovascular unit, secondary neurodegen-
eration, and loss of structural and functional connectivity

Better understanding of the mechanisms of PSCI

and the effects of specific stroke subtypes (ie, acute
ischemia, ICH, or aneurysmal SAH), as well as stroke
severity, lesion location, and the complex interaction
between the preexisting brain pathology and the acute
stroke event.

Risk factors

Risk of cognitive decline is determined by the stroke lesion and cerebral
vulnerability/reserve.

Key risk factors: older age, prestroke cognitive decline, preexisting
white matter disease or neurodegeneration, diabetes, stroke severity,
prior/recurrent stroke, stroke location, and acute cognitive status

The role of noncerebral factors, including infection, frailty,
and social factors, and the added value of blood, CSF, and
brain imaging biomarkers in risk stratification.

Association with other
poststroke outcomes

PSCl is associated with other adverse outcomes, including physical
disability, sleep disorders, behavioral and personality changes, depres-
sion, and other neuropsychological changes, all leading to lower quality
of life.

The association and frequency of co-occurrence of PSCI
with other poststroke outcomes, including anxiety, apathy,
and fatigue.

The effect of sleep interventions and treatment of
comorbid depression and anxiety on poststroke cogni-
tive outcomes.

Screening and diag-
nostic modalities in
the clinic

Tailored neuropsychological evaluations improve diagnostic accuracy
for cognitive impairment after stroke and provide a thorough character-
ization of the patient's cognitive strengths and weaknesses.

Optimal timing for screening for PSCI, best screening tools,
and whether screening affects patient outcomes.

Optimal testing to assess the additional impact of stroke

on cognitive impairment in individuals who already have a
history of dementia.

Development of cognitive assessments that can be practi-
cally used by busy clinicians and that would capture the
heterogeneous nature of PSCI, including in patients with
impaired language function.

Management

Interdisciplinary collaboration is essential for the optimal identification
and management of PSCI.

Clinician-directed behavioral cognitive rehabilitation and physical activity
are likely beneficial for poststroke cognition.

There are no consistently positive effects of pharmaceutical agents

for poststroke cognition, although individual small studies show some
benefits.

The impact of heart-healthy diets and of simultaneous
treatments of vascular risk factors, as well as management
of stroke complications (eg, physical disability, depression,
sleep apnea) on poststroke cognitive function.
Well-designed studies of pharmacological and nonpharma-
cological treatments (eg, ischemic conditioning, neuro-
modulation, and acupuncture) aimed to improve poststroke
cognitive function.

Anticipatory guidance

Comprehensive cognitive evaluation with considerations for pharmaco-
logical and nonpharmacological treatments, management of stroke risk
factors to prevent stroke recurrence, targeting of high-risk populations,
evaluation for comorbid complications, and assessment of home safety,
driving, and return to work (if applicable) are warranted.

Evaluation of the benefit of multidisciplinary clinics for
individuals with stroke and cognitive impairment on quality
of life, cognitive function, caregiver burden, and functional
outcome.

AD indicates Alzheimer disease; CSF, cerebrospinal fluid; ICH, intracranial hemorrhage; PSCI, poststroke cognitive impairment; PSD, poststroke dementia; and SAH,

subarachnoid hemorrhage.
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as cognitive impairments is a deterrent to returning to
work or maintaining a job after returning to work.'82-184
Return to work may be facilitated by cognitive or voca-
tional rehabilitation.'®

Driving

In many cultures, driving is a sign of independence, has a
strong impact on quality of life, and may be necessary for
work or for socializing. After a stroke, approximately one-
third of patients require some type of training or reha-
bilitation to return to driving.'®® Cognitive abilities have
been linked to success on driving tests. However, a sys-
tematic review of 63 studies did not find strong evidence
to recommend any one cognitive assessment tool over
another.”® Although inconsistencies in the methodolo-
gies and results of these studies prevent strong conclu-
sions, better attention and executive function are most
often related to a return to driving.'® '8 Various train-
ing programs exist, although many do not encompass
all of the components that affect successful driving (eg,
cognitive function, sensory perception, mobility, motiva-
tion).'® A systematic review of 4 randomized controlled
trials with 245 participants reported no improvements in
on-road performance or any cognitive function after a
driving intervention, although driving simulations may be
more effective than other training programs.'®®

CONCLUSIONS AND FUTURE
DIRECTIONS

PSCI is common and contributes to the poorer health
status of stroke survivors. It often occurs in the presence
of a variety of stroke-related deficits and other comorbid
conditions such as depression, adding complexity to both
its diagnosis and its treatment. Management requires a
multipronged approach that includes evaluation and
management of comorbid conditions, anticipatory guid-
ance for matters such as home safety and driving, imple-
mentation of secondary stroke prevention strategies to
minimize the progression of cognitive impairment, and
administration of treatments to optimize functioning and
improve cognition (Figure 4). Thus, the comprehensive
management of patients with PSCI should involve an
interdisciplinary collaboration of the patient and their
caregivers with health professionals, including neurolo-
gists, occupational therapists, speech therapists, nurses,
neuropsychologists, gerontologists, and primary care
physicians. Given the prevalence of PSCI and its asso-
ciation with poor health-related outcomes, the implemen-
tation of protocols to systematically evaluate and treat
PSCI based on locally available resources is warranted.
As outlined in the Table 1, there are multiple unan-
swered questions about the pathophysiology, diagnosis,
and treatment of PSCI. More studies are needed on the
exact mechanisms of PSCI, the effects of specific stroke
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subtypes, and the interaction among the preexisting brain
pathology, sociocultural factors, and the acute stroke
event. The DISCOVERY study (Determinants of Incident
Stroke Cognitive Outcomes and Vascular Effects on
Recovery), is an ongoing prospective, multicenter, obser-
vational, nested-cohort study of 8000 patients with isch-
emic and hemorrhagic stroke without history of dementia
enrolled at the time of index stroke from 30 clinical sites
across the United States and followed up for a minimum
of 2 years with serial cognitive evaluations and assess-
ments of functional outcome. Subsets are undergoing
research magnetic resonance imaging, positron emission
tomography, and comprehensive genetic/genomic and
fluid biomarker testing. The overall scientific objective of
this study is to elucidate mechanisms of brain resilience
and susceptibility to PSCI in diverse US populations.'
Future research might inform best practices for cogni-
tive screening after stroke. Perhaps the most pressing
need, however, is the development of effective and cultur-
ally relevant treatments for PSCI through the conduct of
adequately powered clinical trials of cognitive rehabilitative
techniques, pharmaceutical agents, and lifestyle modifica-
tions in diverse groups of patients. Along with this, studies
are required to evaluate whether multidisciplinary clinics
or other models of care improve outcomes for patients
with PSCI. Given the significant contribution of PSCI to
the growing burden of dementia, focusing on these unan-
swered questions should be considered a priority.
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