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Abstract:

Stroke, characterized as a neurological deficit of cerebrovascular cause, is very common in older
adults. Increasing evidence suggests stroke contributes to the risk and severity of cognitive
impairment. People with cognitive impairment following stroke often face with quality-of-life
issues and require ongoing support, which have a profound effect on caregivers and society. The
high morbidity of post-stroke cognitive impairment (PSCI) demands effective management
strategies, in which preventive strategies are more appealing, especially those targeting towards
modifiable risk factors.
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Introduction:
Post-stroke cognitive impairment (PSCI) is one of the major complications after a stroke and

is a subtype of vascular cognitive impairment (1). It has been reported that stroke increases the
risk of cognitive impairment by at least five to eight times (2).

It ranges in 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 (3).
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Up to 20% of individuals with mild PSCI recover fully, with the highest rate of recovery
seen shortly after stroke. However, improvement in cognitive impairment without return to pre
stroke levels is more frequent than complete recovery (4).

Definitions

PSCl is defined as failure in any cognitive domain after stroke: executive function; memory;
language; visuospatial ability; or global cognitive function. Poststroke dementia (PSD) is defined
as any dementia occurring after stroke: vascular dementia; Alzheimer’s disease or other
degenerative dementia; or mixed dementia. The concepts PSCI and PSD usually refer to conditions
occurring after symptomatic strokes with corresponding ischemic findings upon neuroradiological
imaging. Also, seemingly asymptomatic strokes — a common incidental finding in patients both
with and without symptomatic strokes — add to the vascular burden of the brain (5).

The following are key definitions differentiating vascular cognitive impairment (VCI) and
dementia from PSCI and dementia: VVCI refers to cognitive impairment of any severity associated
with cerebrovascular disease regardless of the occurrence of stroke symptoms (6).

The types of vascular injuries leading to VCI range from an insidious, progressive
accumulation of microvascular pathological changes (e g, 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 severity of clinical manifestations of VVCI (4).

PSCI refers to any severity of cognitive impairment, regardless of cause, noted after an overt
stroke. 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 (4).

Prevalence and Incidence Of PSCI

The prevalence of cognitive impairment after ischemic stroke differs by the timing of
assessment, diagnostic criteria, demographics (e g, age, race, or ethnicity), era of study publication,
and case mix (e g, stroke severity, prior/recurrent stroke, pre stroke dementia, population versus
hospital based, interval from stroke, inclusion of patients with aphasia), resulting in substantial
heterogeneity in reported estimates (7).

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 6 months after stroke (3) 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 (8).
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cohort of individuals with mild stroke that excluded pre stroke cognitive impairment, the
overall frequency of 3-month PSCI was 47.3% (9) the prevalence of PSD varies by stroke severity
and history of stroke recurrence, and PSD occurs less frequently than milder forms of cognitive
impairment (10).

Racial differences in the frequency and severity of PSCI have been reported (11) Stroke in
Black patients results in a greater cognitive decline and is more frequently associated with
dementia within 5 years of ischemic stroke compared with White patients, despite Black patients
being younger at the time of the incident stroke (12).

Pathophysiology of PSCI

In the general population, small-vessel disease is the biggest contributor to VCI and
dementia, whereas in the poststroke population, there is a relatively greater contribution from
larger, more destructive embolic infarcts. The exact pathophysiology of PSCI is not well
understood given the paucity of knowledge about the effects of specific stroke subtype (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
(13).

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 vessels (14).

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 functional integrity, in the
absence of or despite the impact of insidious or precipitous injuries related to cerebrovascular
dysfunction, metabolic disarray, proteinopathies, or inflammatory responses (15).

The structural elements of the neurovascular unit are often damaged by stroke-related injury,
possibly leading to PSCI (16) However, the same elements can also be considered points of
intervention for future treatments, rehabilitation, and prevention strategies involving lifetime
environmental exposures, vascular risk factor modification, and even gene therapies (17).

Risk factors of PSCI

Risk factors for PSCI reflect pre stroke 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 (18) key vulnerability factors include age,
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cerebral small-vessel disease, and neurodegeneration, which may be partially mitigated by higher
educational attainment and premorbid intelligence (indicators of cerebral reserve) (19).

Comorbid poststroke depression is also an important factor associated with PSCI, and the
two 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 (3) strong social networks may be a
protective factor, although evidence specifically in PSCI is sparse.

PSCI is more common with higher stroke lesion load such as in severe or recurrent strokes
(17) 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 severity. Lesion
location is important because risks are higher in stroke affecting specific brain regions (20).

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 stroke. However, it remains unclear to what
extent imaging biomarkers predict PSCI over and above clinical factors, including acute cognitive
status (delirium, low cognitive test score), which is a powerful predictor capturing both pre stroke
decline and lesion impact (21).

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
(22).

Knowledge gaps remain, particularly in our understanding 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 (23).

Screening and Diagnostic Modalities

Anosognosia, or lack of awareness of the presence or severity of a person’s own cognitive
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 (24).

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
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stroke, several brief cognitive screening tests (<30 minutes) have been used to identify PSCI. The
Mini-Mental State Examination and the Montreal Cognitive Assessment have been the most
widely studied cognitive screening instruments (25) with the Montreal Cognitive Assessment
generally being recommended over the Mini-Mental State Examination (26) particularly in
subacute phases after stroke (27) 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 identifying cognitive impairment after stroke (25).

According to the validation study, the sensitivity and specificity of the MoCA for detecting
MCI were 90% and 87% respectively, compared with 18% and 100% respectively for the MMSE.
Subsequent studies in other settings were less promising, though generally superior to the MMSE
(28).

Montreal Cognitive Assessment

The Montreal Cognitive Assessment (MoCA) is a widely used screening assessment for
detecting cognitive impairment It was created in 1996 by Ziad Nasreddine in Montreal, Quebec.
It was validated in the setting of mild cognitive impairment (MCI), and has subsequently been
adopted in numerous other clinical settings. This test consists of 30 points and takes 10 minutes
for the individual to complete. The original English version is performed in seven steps, which
may change in some countries dependent on education and culture. The basics of this test
include short-term memory, executive function, attention, focus, and more (29) .

Format of Montreal Cognitive Assessment

The MoCA is a one-page 30-point test administered in approximately 10 minutes. The test
and administration instructions are available for clinicians online. The test is available in 46
languages and dialects include Arabic (30).

The MoCA assesses several cognitive domains:

e  The short-term memory recall task (5 points) involves two learning trials of five nouns and
delayed recall after approximately five minutes.
« Visuospatial abilities are assessed using a clock-drawing task (3 points) and a three-
dimensional cube copy (1 point).
o Multiple aspects of executive function are assessed using an alternation task adapted from the
trail-making B task (1 point), a phonemic fluency task (1 point), and a two-item verbal
abstraction task (2 points).
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« Attention, concentration, and working memory are evaluated using a sustained attention task
(target detection using tapping; 1 point), a serial subtraction task (3 points), and digits forward
and backward (1 point each).

o Language is assessed using a three-item confrontation naming task with low-familiarity

animals (lion, camel, rhinoceros; 3 points), repetition of two syntactically complex sentences
(2 points), and the aforementioned fluency task.

e Abstract reasoning is assessed using a describe-the-similarity task with 2 points being

available.

« Finally, orientation to time and place is evaluated by asking the subject for the date and the

city in which the test is occurring (6 points).
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« In this clock drawing task, the subject is asked to draw a clock with the hours and showing
the time 2:30. Successive results show a deterioration of pattern processing ability in a
subject as they progress from mild cognitive impairment (MCI) to severe Alzheimer's
disease (AD).

Other applications of MoCA

Since the MoCA assesses multiple cognitive domains, it can be a useful cognitive screening
tool for several neurological diseases that affect younger populations, such as Parkinson's
disease(31) vascular cognitive impairment Huntington's disease, brain metastasis, sleep behaviour
disorder primary brain tumors (including high and low grade gliomas), multiple sclerosis and
other conditions such as traumatic brain injury, cognitive impairment
from schizophrenia and heart failure. The test is also used in hospitals to determine whether
patients should be allowed to live alone or with a home aide. (32).

Previous studies demonstrated that people with less than12 years of education tended to have
worse performance on the MoCA. To correct for education level effects, 1point was added for
participants with education less thanl2 years on their total MoCA score. According to previous
studies patients with total MoCA score lessthan26 were diagnosed as PSCI (29).
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Management of cognitive impairment:

Interdisciplinary Collaboration

Collaboration among physicians, including neurologists, gerontologists, and primary care
physicians, speech language pathologists, occupational therapists, neuropsychologists, nurses, and
related health professionals is crucial throughout levels of poststroke care for the optimal
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 management of PSCI. This also will aid in individualizing care tailored to
the patient’s needs, such that involvement of all disciplines is not needed for all patients for
example, speech-language pathologists can identify 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 (33).

Cognitive Rehabilitation

In general, cognitive rehabilitation (including restorative cognitive training and functional
cognitive rehabilitation) after stroke results in small improvements in cognitive functioning
compared with control conditions (treatment as usual or active sham intervention) (34) 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 (35)
but attention training does not produce consistent benefits (36). Benefits of computerized cognitive
training (e g, engaging and gamified cognitive exercises accessed from the patients’ own
computers or mobile devices) over standard cognitive rehabilitation are inconsistent but tend to be
better with clinician-directed programs (37) emerging evidence, albeit from small or lower-quality
studies (38). suggests potential cognitive benefits of virtual reality tools (39) and training and
education for family and patients (40).

Physical Activity

Physical activity may have a positive impact on cognitive function after stroke, with a
possible advantage for aerobic compared with nonaerobic exercise (41). Small studies suggest
cognitive benefits of specific forms of physical activity such as boxing (42) and resistance
exercises (43) evidence for the added benefit of using virtual reality with physical activity is
inconclusive (44).
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Medical and Pharmacological Treatments

Because the risk of PSCI increases with stroke recurrence, secondary stroke prevention,
including antihypertensive therapy, statins, diabetes control, and anticoagulation for atrial
fibrillation, is an important approach to prevent the risk for or worsening of PSCI (45).

Treatments for hypertension and lifestyle programs to reach target blood pressure after stroke
have to date failed to show positive impacts on cognitive function (46). Current evidence is
insufficient to prove whether some antihypertensive drug classes are better than others at
preserving cognition (47). Nonetheless, 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 (48).

There are knowledge gaps in the effect of interventions 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 preventing cognitive
decline (49).

Simultaneous treatment of 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 Similar studies
of multiple simultaneous interventions are needed in patients with PSCI (50).

Because cognitive outcome has traditionally not been considered an outcome measure in
randomized trials investigating the benefit of acute stroke treatments, limited evidence exists with
regard to their effect on cognition, although it is postulated that PSCI would be decreased because
of reduction in acute lesion size and improved functional outcome. The few studies that evaluated
cognitive outcomes after acute stroke treatments suggest that intravenous thrombolysis and
mechanical thrombectomy improve cognitive outcomes (compared with no treatment) but that
these benefits are strongly associated with functional outcome (51).

Systematic reviews of dopamine agonists (52) and selective serotonin reuptake inhibitors
(53) show no consistent beneficial effects on cognition after stroke. Individual small clinical trials
have reported various pharmaceutical agents that may have a potential benefit on global cognition:
neurotrophics (Cortexin) (54) peptides such as Cerebrolysin (55) and relaxin (56). citicoline
(cytidine-5'-diphosphocholine)  (57) and  nitrates  (glyceryl  trinitrate)  (58). Specific
pharmaceuticals may affect defined aspects of cognition, including the effects of dopamine
agonists on hemi-inattention and selegiline on attention and executive function (59).
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Acetylcholinesterase inhibitors, including donepezil, galantamine, and rivastigmine, are
labeled for use in AD dementia and may also be effective for vascular dementia and DLB
(60). Acetylcholinesterase inhibitors can worsen behaviors in FTD, and there is insufficient
evidence of efficacy in MCI. The goal of treatment with acetylcholinesterase inhibitors is to
improve or stabilize memory and attention by inhibiting the breakdown of acetylcholine, a
neurotransmitter released by cholinergic neurons in the basal forebrain, an area known to be
affected by AD (61).

Memantine, an N-methyl-D-aspartate (NMDA\) receptor antagonist, is thought to work by
blocking the effects of excess glutamate and by upregulating NMDA receptor
expression. Memantine is indicated for use in moderate to severe AD, and there is also evidence
to support off-label use in mild to moderate vascular dementia. Memantine has been shown to
confer modest improvements in thinking, everyday functioning, behavior and mood (62) 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 (63).

Randomized trials provide moderate-quality evidence for small improvements in cognition,
of uncertain clinical relevance, with donepezil, rivastigmine, galantamine, or memantine; however,
they are complicated by adverse events (including dizziness and diarrhea) and patient
discontinuation (62).

Emerging, Complementary, and Integrative Treatments Small studies have shown the
benefits of remote ischemic conditioning for visuospatial, attention, and executive functions
(64) and long-term (>6 months) global cognition (65). Further confirmatory studies with larger
samples are warranted (66).

Several studies suggest potential benefit from transcranial magnetic stimulation and
transcranial direct current stimulation (t DCS). In a meta-analysis of 15 studies (N=820
participants) of t DCS, compared with sham t DCS or control, anodal t DCS 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 methodological quality and lacked sham
tDCS and safety data (67).

Well-designed studies are needed to determine the potential benefits of neuromodulation in
the treatment of poststroke cognitive deficits and to establish the optimal treatment protocols (67).
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Acupuncture treatments may also have a positive effect on global cognition. However, a
meta-analysis suggests that the majority of these studies were of low quality (68). The combination
of acupuncture with other therapies (e g, cognitive or physical rehabilitation) may enhance the
benefits of either alone (69).

Preliminary and exploratory studies suggest potential cognitive benefits from various herbal
treatments and vitamins, including huperzine A. depsides salts from Salvia miltiorrhiza, ginkgo
biloba, pomegranate polyphenols and Cerebral care 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 potential effects of heart-healthy
diets (e g, DASH [Dietary Approaches to Stop Hypertension] diet, Mediterranean diet, MIND
[Mediterranean-DASH Intervention for Neurodegenerative Delay] diet) on cognition after stroke
(23)

Sleep: Behavioral interventions for sleep disturbance include counseling about sleep hygiene, light
therapy, and referral for cognitive behavioral therapy for insomnia (70).

References:

1. Yilmaz, V. T., Dincer, D., Avci, A. B. and Cetinkaya, R. (2015). "Significant association
between serum levels of von Willebrand factor (vWF) antigen with stages of cirrhosis."

The Eurasian Journal of Medicine 47(1): 21.

Kulesh, A., Drobakha, V., Kuklina, E., Nekrasova, I. and Shestakov, V. (2018). "Cytokine
Response, Tract-Specific Fractional Anisotropy, and Brain Morphometry in Post-Stroke
Cognitive Impairment." J Stroke Cerebrovasc Dis 27(7): 1752-1759.

Lo, J. W., Crawford, J. D., Desmond, D. W., et al. (2019). "Profile of and risk factors for
poststroke cognitive impairment in diverse ethnoregional groups.” Neurology 93(24): e2257-
e2271.

Dichgans M, Leys D. Vascular cognitive impairment.Circ Res. 2017; 120:573-591. doi:
10.1161/CIRCRESAHA.116.308426LinkGoogle Scholar

Melkas, S., Jokinen, H., Hietanen, M. and Erkinjuntti, T. (2014). "Poststroke cognitive

impairment and dementia: prevalence, diagnosis, and treatment.” Degener Neurol
Neuromuscul Dis 4: 21-27.

van der Flier WM, Skoog |, Schneider JA, Pantoni L, Mok V, Chen CLH, Scheltens P.
Vascular cognitive impairment. Nat Rev Dis Primers. 2018;4:18003. doi: 10.1038/nrdp.2018.3

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15863-15880 15872


https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.116.308426
http://scholar.google.com/scholar_lookup?hl=en&volume=120&publication_year=2017&pages=573-591&journal=Circ+Res&author=M+Dichgans&author=D+Leys&title=Vascular+cognitive+impairment.

Post Ischemic Stroke Cognitive Impairment: Prevalence, Diagnosis and Treatment

Section A -Research paper

7. Tang EY, Amiesimaka O, Harrison SL, Green E, Price C, Robinson L, Siervo M, Stephan
BC. Longitudinal effect of stroke on cognition: a systematic review.J Am Heart Assoc. 2018;
7:e006443. doi: 10.1161/JAHA.117.006443LinkGoogle Scholar

8. Quinn TJ, Elliott E, Langhorne P. Cognitive and mood assessment tools for use in stroke.
Stroke. 2018;49:483-490. doi: 10.1161/STROKEAHA.117.016994

9. Jacquin A, Binquet C, Rouaud O, Graule-Petot A, Daubail B, Osseby GV, Bonithon-Kopp C,
Giroud M, Bejot Y. Post-stroke cognitive impairment: high prevalence and determining factors
in a cohort of mild stroke. J Alzheimers Dis. 2014;40:1029-1038. doi: 10.3233/JAD-131580

10. Koton S, Pike JR, Johansen M, Knopman DS, Lakshminarayan K, Mosley T, Patole S,

Rosamond WD, Schneider ALC, Sharrett AR, et al. Association of ischemic stroke incidence,
severity, and recurrence with dementia in the Atherosclerosis Risk in Communities cohort
study. JAMA Neurol. 2022;79:271-280. doi: 10.1001/jamaneurol.2021.5080

11. Levine DA, Wadley VG, Langa KM, Unverzagt FW, Kabeto MU, Giordani B, Howard G,
Howard VJ, Cushman M, Judd SE, et al. Risk factors for poststroke cognitive decline: the
REGARDS study (Reasons for Geographic and Racial Differences in Stroke). Stroke.
2018;49:987-994. doi: 10.1161/STROKEAHA.117.018529

12. Clark DG, Boan AD, Sims-Robinson C, Adams RJ, Amella EJ, Benitez A, Lackland DT,
Ovbiagele B. Differential impact of index stroke on dementia risk in African-Americans
compared to Whites. J Stroke Cerebrovasc Dis. 2018;27:2725-2730. doi:
10.1016/j.jstrokecerebrovasdis.2018.05.048

13. Rost NS, Meschia JF, Gottesman R, Wruck L, Helmer K, Greenberg SM; DISCOVERY
Investigators. Cognitive impairment and dementia after stroke: esign and rationale for the
DISCOVERY study. Stroke. 2021;52:e499-e516. doi: 10.1161/STROKEAHA.120.031611

14. ladecola C. The neurovascular unit coming of age: a journey through neurovascular coupling
in health and disease. Neuron. 2017;96:17-42. doi: 10.1016/j.neuron.2017.07.030

15. Finger CE, Moreno-Gonzalez I, Gutierrez A, Moruno-Manchon JF, McCullough LD. Age-
related immune alterations and cerebrovascular inflammation.Mol Psychiatry. 2022; 27:803—
818. doi: 10.1038/s41380-021-01361-1CrossrefGoogle Scholar

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15863-15880 15873


https://www.ahajournals.org/doi/10.1161/JAHA.117.006443
http://scholar.google.com/scholar_lookup?hl=en&volume=7&publication_year=2018&pages=e006443&journal=J+Am+Heart+Assoc&author=EY+Tang&author=O+Amiesimaka&author=SL+Harrison&author=E+Green&author=C+Price&author=L+Robinson&author=M+Siervo&author=BC+Stephan&title=Longitudinal+effect+of+stroke+on+cognition%3A+a+systematic+review.
https://www.ahajournals.org/servlet/linkout?suffix=e_1_3_1_68_2&dbid=16&doi=10.1161%2FSTR.0000000000000430&key=10.1038%2Fs41380-021-01361-1
http://scholar.google.com/scholar_lookup?hl=en&volume=27&publication_year=2022&pages=803-818&journal=Mol+Psychiatry&author=CE+Finger&author=I+Moreno-Gonzalez&author=A+Gutierrez&author=JF+Moruno-Manchon&author=LD+McCullough&title=Age-related+immune+alterations+and+cerebrovascular+inflammation.

Post Ischemic Stroke Cognitive Impairment: Prevalence, Diagnosis and Treatment

Section A -Research paper

16. Stern Y, Barnes CA, Grady C, Jones RN, Raz N. Brain reserve, cognitive reserve,
compensation, and maintenance: operationalization, validity, and mechanisms of cognitive
resilience. Neurobiol Aging. 2019;83:124-129. doi: 10.1016/j.neurobiolaging.2019.03.022

17. Hachinski V, Einhaupl K, Ganten D, Alladi S, Brayne C, Stephan BCM, Sweeney MD,
Zlokovic B, Iturria-Medina Y, ladecola C, et al. Preventing dementia by preventing stroke: the
Berlin Manifesto. Alzheimers Dement. 2019;15:961-984. doi: 10.1016/j.jalz.2019.06.001

18. Mok VC, Lam BY, Wong A, Ko H, Markus HS, Wong LK. Early-onset and delayed-onset
poststroke dementia: revisiting the mechanisms. Nat Rev Neurol. 2017;13:148-159. doi:
10.1038/nrneurol.2017.16

19. Pendlebury ST, Rothwell PM; Oxford Vascular Study. Incidence and prevalence of dementia
associated with transient ischaemic attack and stroke: analysis of the population-based Oxford
Vascular Study. Lancet Neurol. 2019;18:248-258. doi: 10.1016/S1474-4422(18)30442-3

20. Stienen MN, Smoll NR, Weisshaupt R, Fandino J, Hildebrandt G,Studerus-Germann A,
Schatlo B. Delayed cerebral ischemia predicts neurocognitive impairment following
aneurysmal subarachnoid hemorrhage. World Neurosurg. 2014;82:e599-e605. doi:
10.1016/j.wneu.2014.05.011

21. Smith EE. Cerebral amyloid angiopathy as a cause of neurodegeneration. J Neurochem.
2018;144:651-658. doi: 10.1111/jnc.14157

22. Pendlebury ST, Poole D, Burgess A, Duerden J, Rothwell PM; Oxford Vascular Study. Apoe-
€4 genotype and dementia before and after transient ischemic attack and stroke: population-
based cohort study. Stroke. 2020;51:751-758. doi: 10.1161/STROKEAHA.119.026927

23. Nada El Husseini,Irene L. Katzan,Natalia S. Rost,Margaret Lehman Blake,Eeeseung
Byun,Sarah T. Pendlebury,Hugo J. Aparicio,Maria J. Marquine,Rebecca F.
Gottesman,Eric E. Smith andon behalf of the American Heart Association Stroke
Council; Council on Cardiovascular and Stroke Nursing; Council on Cardiovascular
Radiology and Intervention; Council on Hypertension; and Council on Lifestyle and
Cardiometabolic Health Originally published1
May2023https://doi.org/10.1161/STR.0000000000000430Stroke. 2023;54:e272—e291

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15863-15880 15874



Post Ischemic Stroke Cognitive Impairment: Prevalence, Diagnosis and Treatment

Section A -Research paper

24. McGovern A, Pendlebury ST, Mishra NK, Fan Y, Quinn TJ. Test accuracy of informant-based
cognitive screening tests for diagnosis of dementia and multidomain cognitive impairment in
stroke. Stroke. 2016;47:329-335. doi: 10.1161/STROKEAHA.115.011218

25. Burton L, Tyson SF. Screening for cognitive impairment after stroke: a systematic review of
psychometric properties and clinical utility. J Rehabil Med. 2015;47:193-203. doi:
10.2340/16501977-1930

26. Lees R, Selvarajah J, Fenton C, Pendlebury ST, Langhorne P, Stott DJ, Quinn TJ. Test
accuracy of cognitive screening tests for diagnosis of dementia and multidomain cognitive
impairment in stroke. Stroke. 2014;45:3008-3018. doi: 10.1161/STROKEAHA.114.005842.

27. Van Heugten CM, Walton L, Hentschel U. Can we forget the Mini-Mental State Examination?
A systematic review of the validity of cognitive screening instruments within one month after
stroke. Clin Rehabil. 2015;29:694-704. doi: 10.1177/0269215514553012

28. Pinto, Tiago C. C.; Machado, Leonardo; Bulgacov, Tatiana M.; Rodrigues-Junior,
Antonio L.; Costa, Maria L. G.; Ximenes, Rosana C. C.; Sougey, Everton B. (Apr
2019). "Is the Montreal Cognitive Assessment (MoCA) screening superior to the Mini-
Mental State Examination (MMSE) in the detection of mild cognitive impairment
(MCI) and Alzheimer's Disease (AD) in the elderly?". International Psychogeriatrics.

31 (4): 491-504.

29. Nasreddine Z, Phillips N, Bedirian V, et al. The Montreal Cognitive Assessment, MoCA: a
brief screeningtool for mild cognitive impairment. J Am Geriatr Soc2005;53:695-699

30. Hobson, J. (2015). The montreal cognitive assessment (MoCA). Occupational
Medicine, 65(9), 764-765.

31. Kasten, Meike; Bruggemann, Norbert; Schmidt, Alexander; Klein, Christine (2010-08-

03). "Validity of the MoCA and MMSE in the detection of MCI and dementia in
Parkinson disease". Neurology. 75 (5): 478—
479. doi:10.1212/WNL.0b013e3181e7948a. ISSN 0028-3878.

32. Bertrand, Josie-Anne; Marchand, Daphné Génier; Postuma, Ronald B.; Gagnon, Jean-
Francois (2016-07-28). "Cognitive dysfunction in rapid eye movement sleep behavior

disorder". Sleep and Biological Rhythms. 11 (1): 21-26.

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15863-15880 15875


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2788810
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2788810
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1212%2FWNL.0b013e3181e7948a
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/0028-3878

Post Ischemic Stroke Cognitive Impairment: Prevalence, Diagnosis and Treatment

Section A -Research paper

33. Chapman JE, Gardner B, Ponsford J, Cadilhac DA, Stolwyk RJ. Comparing
performance across in-person and videoconference-based administrations of common
neuropsychological measures in community-based survivors of stroke. J Int
Neuropsychol Soc. 2021;27:697-710. doi: 10.1017/S1355617720001174

34. Rogers JM, Foord R, Stolwyk RJ, Wong D, Wilson PH. General and domainspecific
effectiveness of cognitive remediation after stroke: systematic literature review and meta-
analysis. Neuropsychol Rev. 2018;28:285-309. doi: 10.1007/s11065-018-9378-4

35. Withiel TD, Wong D, Ponsford JL, Cadilhac DA, New P, Mihaljcic T, Stolwyk RJ. Comparing
memory group training and computerized cognitive training for improving memory function
following stroke: a phase Il randomized controlled trial. J Rehabil Med. 2019;51:343-351.
doi: 10.2340/16501977-2540

36. Loetscher T, Potter KJ, Wong D, das Nair R. Cognitive rehabilitation for attention deficits
following  stroke. Cochrane Database Syst Rev. 2019;2019:CD002842. doi:
10.1002/14651858.CD002842.pub3

37.van de Ven RM, Murre JMJ, Buitenweg JIV, Veltman DJ, Aaronson JA, Nijboer TCW,
Kruiper-Doesborgh SJC, van Bennekom CAM,Ridderinkhof KR, Schmand B. The influence
of computer-based cognitive flexibility training on subjective cognitive well-being after
stroke: a multicenter randomized controlled trial. PLoS One. 2017;12:e0187582. doi:
10.1371/journal.pone.0187582

38. Rogers JM, Duckworth J, Middleton S, Steenbergen B, Wilson PH. Elements virtual
rehabilitation improves motor, cognitive, and functional outcomes in adult stroke: evidence
from a randomized controlled pilot study. J Neuroeng Rehabil. 2019;16:56. doi:
10.1186/s12984-019-0531-y

39. Faria AL, Pinho MS, Bermudez IBS. A comparison of two personalization and adaptive
cognitive rehabilitation approaches: a randomized controlled trial with chronic stroke
patients. J Neuroeng Rehabil. 2020;17:78. doi: 10.1186/s12984-020-00691-5

40. Zhang L, Zhang T, Sun Y. A newly designed intensive caregiver education program reduces
cognitive impairment, anxiety, and depression in patients with acute ischemic stroke. Braz J
Med Biol Res. 2019;52:¢8533. doi: 10.1590/1414-431X20198533

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15863-15880 15876



Post Ischemic Stroke Cognitive Impairment: Prevalence, Diagnosis and Treatment

41

42.

43.

44,

45.

46.

47.

48.

Section A -Research paper

. O’Driscoll, C., & Shaikh, M. (2017). Cross-cultural applicability of the Montreal
Cognitive Assessment (MoCA): a systematic review. Journal of Alzheimer's disease,

58(3), 789-801.

Ersoy C, lyigun G. Boxing training in patients with stroke causes improvement of upper
extremity, balance, and cognitive functions but should it be applied as virtual or real? Top
Stroke Rehabil. 2021;28:112-126. doi: 10.1080/10749357.2020.1783918
Fernandez-Gonzalo R, Fernandez-Gonzalo S, Turon M, Prieto C, Tesch PA, del Carmen
Garcia-Carreira M. Muscle, functional and cognitive adaptations after flywheel resistance
training in stroke patients: a pilot randomized controlled trial. J Neuroeng Rehabil. 2016;13:37.
doi: 10.1186/s12984-016-0144-7

Manuli A, Maggio MG, Latella D, Cannavo A, Balletta T, De Luca R, Naro A, Calabro RS.
Can robotic gait rehabilitation plus virtual reality affect cognitive and behavioural outcomes
in patients with chronic stroke? A randomized controlled trial involving three different
protocols. J Stroke Cerebrovasc Dis. 2020;29:104994. doi:
10.1016/j.jstrokecerebrovasdis.2020.104994

Kleindorfer DO, Towfighi A, Chaturvedi S, Cockroft KM, Gutierrez J, Lombardi-Hill D,
Kamel H, Kernan WN, Kittner SJ, Leira EC, et al. 2021 Guideline for the prevention of stroke
in patients with stroke and transient ischemic attack: a guideline from the American Heart
Association/American Stroke Association [published correction appears in Stroke.
2021;52:e483-e484]. Stroke. 2021;52:e364—e467. doi: 10.1161/STR.0000000000000375

Bu X, Zhang Y, Bazzano LA, Xu T, Guo L, Wang X, Zhang J, Cui Y, Li D, Zhang F, et al.
Effects of early blood pressure reduction on cognitive function in patients with acute ischemic
stroke. Int J Stroke. 2016;11:1009-1019. doi: 10.1177/1747493016660094

Peters R, Yasar S, Anderson CS, Andrews S, Antikainen R, Arima H, Beckett N, Beer JC,
Bertens AS, Booth A, et al. Investigation of antihypertensive class, dementia, and cognitive
decline: a meta-analysis. Neurology. 2020;94:e267—€281. doi:
10.1212/WNL.0000000000008732

Hughes D, Judge C, Murphy R, Loughlin E, Costello M, Whiteley W, Bosch J, O’Donnell MJ,

Canavan M. Association of blood pressure lowering with incident dementia or cognitive

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15863-15880 15877



Post Ischemic Stroke Cognitive Impairment: Prevalence, Diagnosis and Treatment

49.

50.

51.

52.

53.

54.

55.

56.

57.

Section A -Research paper

impairment: a systematic review and meta-analysis. JAMA. 2020;323:1934-1944. doi:
10.1001/jama.2020.4249

Lazar RM, Howard VJ, Kernan WN, Aparicio HJ, Levine DA, Viera AJ, Jordan LC, Nyenhuis
DL, Possin KL, Sorond FA, et al; on behalf of the American Heart Association Stroke
Council. A primary care agenda for brain health: a scientific statement from the American
Heart Association.Stroke. 2021, 52:e295-e308. doi:
10.1161/STR.0000000000000367LinkGoogle Scholar

Ngandu T, Lehtisalo J, Solomon A, Levalahti E, Ahtiluoto S, Antikainen R, Backman L,

Hanninen T, Jula A, Laatikainen T, et al. A 2 year multidomain intervention of diet, exercise,
cognitive training, and vascular risk monitoring versus control to prevent cognitive decline in
at-risk elderly people (FINGER): a randomised controlled trial. Lancet. 2015;385:2255-2263.
doi: 10.1016/S0140-6736(15)60461-5

Lattanzi S, Coccia M, Pulcini A, Cagnetti C, Galli FL, Villani L, Campa S, Dobran M,
Polonara G, Ceravolo MG, et al. Endovascular treatment and cognitive outcome after anterior
circulation ischemic stroke. Sci Rep. 2020;10:18524. doi: 10.1038/s41598-020-75609-1
Sami MB, Faruqui R. The effectiveness of dopamine agonists for treatment of neuropsychiatric
symptoms post brain injury and stroke. Acta Neuropsychiatr. 2015;27:317-326. doi:
10.1017/neu.2015.17

Legg LA, Rudberg AS, Hua X, Wu S, Hackett ML, Tilney R, Lindgren L, Kutlubaev MA,
Hsieh CF, Barugh AJ, et al. Selective serotonin reuptake inhibitors (SSRIs) for stroke
recovery.Cochrane Database Syst Rev. 2021; 11:CD009286.

Evzel’man MA, Rova NA. Cognitive impairments in patients with ischemic stroke and their
correction. Neurosci Behav Physiol. 2015;45:323-326. doi: 10.1007/s11055-015-0074-z
Muratova TS, Khramtsov D, Vikarenko M, Galina K, Dobush I, AndryushchenkoE. The
clinical efficacy of Cerebrolysin in ischemic stroke patients with prestroke mild cognitive
impairment: a pilot study. Eur Stroke J. 2019;4:790-821. doi: 10.1177/2396987319848124
Milia P, Caserio M, Bani D, Rastelli TF, Sonaglia F, Bigazzi B, Bigazzi M. Efficacy of relaxin
on functional recovery of post stroke patients. Ital J Anat Embryol. 2013;118:92-97

Alvarez, J.I., Saint-Laurent, O., Godschalk, A., Terouz, S., Briels, C., Larouche, S,
Bourbonniere, L., Larochelle, C., Prat, A., 2015. Focal disturbances in the bloodbrain barrier

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15863-15880 15878


https://www.ahajournals.org/doi/10.1161/STR.0000000000000367
http://scholar.google.com/scholar_lookup?hl=en&volume=52&publication_year=2021&pages=e295-e308&journal=Stroke&author=RM+Lazar&author=VJ+Howard&author=WN+Kernan&author=HJ+Aparicio&author=DA+Levine&author=AJ+Viera&author=LC+Jordan&author=DL+Nyenhuis&author=KL+Possin&author=FA+Sorond&title=A+primary+care+agenda+for+brain+health%3A+a+scientific+statement+from+the+American+Heart+Association.

Post Ischemic Stroke Cognitive Impairment: Prevalence, Diagnosis and Treatment

58.

59.

60.

61.

62.

63.

64.

65.

66.

Section A -Research paper

are associated with formation of neuroinflammatory lesions. Neurobiol. Dis. 74, 14-24.
https://doi.org/10.1016/j.nbd.2014.09.016.

Woodhouse L, Scutt P, Krishnan K, Berge E, Gommans J, Ntaios G, Wardlaw J, Sprigg N,
Bath PM; ENOS Investigators. Effect of hyperacute administration (within 6 hours) of
transdermal glyceryl trinitrate, a nitric oxide donor, on outcome after stroke: subgroup analysis
of the Efficacy of Nitric Oxide in Stroke (ENOS) trial. Stroke. 2015;46:3194-3201. doi:
10.1161/STROKEAHA.115.009647

Bartolo M, Chiara Z, Capone A, Sandrini G, Pierelli F. An explorative study regarding the
effect of I-deprenyl on cognitive and functional recovery in patients after stroke. J Neurol Sci.
2015;349:117-123. doi: 10.1016/j.jns.2014.12.039

Tisher, A. and Salardini, A. (2019). "A Comprehensive Update on Treatment of Dementia."”
Semin Neurol 39(2): 167-178.

McCollum, L. and Karlawish, J. (2020). "Cognitive Impairment Evaluation and Management."
Med Clin North Am 104(5): 807-825.

McShane, R., Westby, M. J., Roberts, E., et al. (2019). "Memantine for dementia." Cochrane

database of systematic reviews(3).

Battle CE, Abdul-Rahim AH, Shenkin SD, Hewitt J, Quinn TJ. Cholinesterase inhibitors for
vascular dementia and other vascular cognitive impairments: a network meta-analysis.
Cochrane Database Syst Rev. 2021;2:CD013306. doi: 10.1002/14651858.CD013306.pub2
Feng X, Huang L, Wang Z, Wang L, Du X, Wang Q, Xue S. Efficacy of remote limb ischemic

conditioning on poststroke cognitive impairment. J Integr Neurosci. 2019;18:377-385. doi:
10.31083/}.jin.2019.04.1192

Li YJ, Liang KK, Zhang L, Pan R, Hu YM, Zhao JH. Remote ischemic post-conditioning may
improve post-stroke cognitive impairment: apilot single center randomized controlled trial. J
Stroke Cerebrovasc Dis. 2020;29:105217. doi: 10.1016/j.jstrokecerebrovasdis.2020.105217
Zhao W, Zhang J, Sadowsky MG, Meng R, Ding Y, Ji X. Remote ischaemic conditioning for
preventing and treating ischaemic stroke. Cochrane Database Syst Rev. 2018;7:CD012503.
doi: 10.1002/14651858.CD012503.pub?2

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15863-15880 15879



Post Ischemic Stroke Cognitive Impairment: Prevalence, Diagnosis and Treatment

Section A -Research paper

67. Yan RB, Zhang XL, Li YH, Hou JM, Chen H, Liu HL. Effect of transcranial direct-current
stimulation on cognitive function in stroke patients: a systematic review and meta-analysis.
PLo0S One. 2020;15:0233903. doi: 10.1371/journal.pone.0233903

68. Su XT, Sun N, Zhang N, Wang LQ, Zou X, Li JL, Yang JW, Shi GX, Liu CZ. Effectiveness
and safety of acupuncture for vascular cognitive impairment: a systematic review and meta-
analysis. Front Aging Neurosci. 2021;13:692508. doi: 10.3389/fnagi.2021.692508

69. Xiong J, Zhang Z, Ma Y, Li Z, Zhou F, Qiao N, Liu Q, Liao W. The effect of combined scalp
acupuncture and cognitive training in patients with stroke on cognitive and motor functions.
NeuroRehabilitation. 2020;46:75-82. doi: 10.3233/NRE-192942

70. Cassidy-Eagle, E., Siebern, A., Unti, L., Glassman, J. and O'Hara, R. (2018).
"Neuropsychological Functioning in Older Adults with Mild Cognitive Impairment and
Insomnia Randomized to CBT-I or Control Group." Clin Gerontol 41(2): 136-144.

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15863-15880 15880



