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ABSTRACT
With advances in scientific and clinical knowledge, stroke has evolved from a major cause of  death to a chronic 
condition affecting the daily lives of  sufferers, their relatives, and society. Post-stroke cognitive impairment (PSCI) is 
common even among individuals with good neurological recovery. When deciding on interventions aimed to improve 
the life quality of  post-stroke patients, identifying those at high risk of  cognitive decline proves crucial. Given the 
complexity of  PSCI assessment, this narrative review discusses the feasibility of  developing standardized criteria for 
selecting cognitive instruments. Potential approaches for establishing harmonized procedures for post-stroke cognitive 
assessment are presented depending on how the cognitive impairment is defined, the cognitive domains examined, 
the methods used to generalize cognitive data by components/domains, and their normalization against standardized 
normative samples. The prognostic value of  cognitive assessment to identify patients at high risk of  PSCI, functional 
dependence, and poor survival is also discussed. Implementing harmonized criteria for assessing the cognitive status 
of  stroke patients could reduce the now considerable heterogeneity between studies and serve as a reliable basis for 
determining the prevalence and predicting the occurrence/aggravation of  PSCI.
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INTRODUCTION

The incidence of  cerebrovascular accidents and dementia has 
increased significantly with the aging of  the population. Statisti-
cally, stroke remains the second leading cause of  death worldwide 
and ranks third as the cause of  death and disability combined [1]. 
The global cost of  treating stroke is enormous (0.66% of  global 
GDP) [1]. In addition to motor and sensory disorders, stroke can 
cause cognitive impairment. Post-stroke cognitive impairment 
(PSCI) is defined as any cognitive impairment, regardless of  its 
severity and cause, recorded after a clinically confirmed stroke 
and includes cognitive deficits ranging in severity from mild cog-
nitive impairment to dementia [2-4]. PSCI has been associated 
with increased mortality, dependency, institutionalization, and 

low long-term post-stroke survival [5-7]. Furthermore, it is linked 
to increased health and socioeconomic burden [8]. In contrast, 
intact cognitive function is a leading factor determining stroke 
survivors' potential prospects for rehabilitation and recovery. 

With improvements in the treatment of  acute strokes, a more 
significant proportion of  patients survive. Long-term cognitive 
impairment, however, is common even after good neurological 
recovery [9-11]. Thus, stroke has transformed from a major 
cause of  death to a long-term (chronic) condition affecting the 
everyday lives of  patients, their families, and society. Therefore, 
it is crucial to identify individuals at high risk of  cognitive decline 
after stroke. Early neuropsychological evaluation is essential for 
assessing cognitive dysfunction and the need for rehabilitation. 
Adopting harmonized criteria for assessing cognitive status in 
stroke patients may allow a more accurate determination of  the 
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prevalence and prediction of  PSCI [12]. Also, it can improve 
the awareness of  relatives about appropriate coping strategies in 
dealing with the potential social and societal burden generated by 
cognitive decline, even after minor vascular incidents. 

This narrative review discusses issues related to evaluating 
post-stroke cognitive status, potential approaches to standardize/
harmonize cognitive assessment, and its prognostic value.

MATERIAL AND METHODS

Search strategy    

The search strategy was designed to explore potential oppor-
tunities to harmonize PSCI assessment criteria and procedures 
and to estimate the prognostic value of  cognitive assessment 
across different stroke phases. For this purpose, a search for ar-
ticles was performed using the MedLine, Scopus, PubMed, and 
Google Scholar databases. Keywords included 'stroke', 'cog-
nition', 'PSCI', 'dementia', 'vascular', 'cognitive impairment', 
'MCI', 'screening', 'neuropsychological assessment', and 'prog-
nosis'.

Study selection  

The inclusion/exclusion criteria chosen were aimed at select-
ing peer-reviewed publications focused on the assessment of  
cognitive abilities of  patients after stroke and the prognostic 

value of  this assessment. Inclusion criteria were as follows: (1) 
studies of  adult individuals with cognitive impairment (mild or 
dementia) after confirmed ischemic stroke, hemorrhagic stroke, 
or transient ischemic attack (TIA), regardless of  their severi-
ty, time elapsed since stroke, number of  strokes experienced, 
and follow-up period; (2) narrative and systematic reviews, me-
ta-analyses, randomized controlled trials (RCTs), prospective 
and retrospective cohort studies, validation studies, case-control 
studies, cross-sectional studies, clinical guidelines, and editori-
als; (3) materials published in English in peer-reviewed indexed 
and refereed journals in the last 15 years (2009–2024). Relevant 
publications missed in the database search but referred to in 
the already selected articles were also included in the analysis. 
Priority was given to (1) comparative studies on the diagnostic 
accuracy and prognostic value of  different cognitive assessment 
tools; (2) manuscripts published in the last 5 years; (3) articles 
with a higher level of  evidence according to the pyramid of  
evidence-based medicine, in the following order: systematic re-
views and meta-analyses, guidelines, RCTs, cohort studies, and 
case-control studies; (4) articles with larger samples and/or lon-
ger follow-up times.

We excluded from the review (1) articles not related to the 
research aim; (2) articles not available in full text; (3) conference 
proceedings (abstracts and papers) and scientific proceedings. 
The selection process of  the papers used in the review is pre-
sented in Figure 1.

Figure 1. Article selection flowchart
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erature to stimulate clinically and pathologically validated studies 
[18]. In addition, harmonizing these criteria with the Diagnostic 
and Statistical Manual of  Mental Disorders, Fifth Edition (DSM-
5) criteria has provided a prerequisite for an international con-
sensus on diagnosing VCD [15,18].

Cognitive assessment tools  

Various cognitive instruments have been applied in studies, rang-
ing from brief  screening tests to comprehensive neuropsycholog-
ical test batteries. It is believed that the choice of  such a tool 
should be determined by many factors, such as the purpose of  
the testing (the degree of  cognitive impairment it can diagnose), 
accessibility, technical feasibility, etc. (Figure 2). For example, 
if  the assessment aims to identify all potential cases of  PSCI, 
a high-sensitivity instrument is needed. Technical feasibility, in 
turn, is an essential factor, especially in the acute phase of  stroke, 
when the severity of  the disease may not allow prolonged neuro-
psychological testing [15,22].

Since stroke patients may have specific cognitive deficits (e.g., 
aphasia or neglect) or more global cognitive dysfunction, cogni-
tive testing should include an assessment of  cognitive domains. A 
study of  PSCI in the acute phase of  stroke showed a high prev-
alence of  impairments in general cognitive ability and the five 
most commonly assessed domains: complex attention, executive 
function, learning and memory, language, and perceptual-motor 
control [23]. There is evidence that even mild post-stroke cogni-
tive impairment is multidomain, so it is necessary to use a com-
bination of  different tests to establish the cognitive status [19]. 
Assessing additional cognitive abilities such as processing speed 
and abstract reasoning may improve screening since disorders in 

Included articles  

The total number of  articles included in the review after apply-
ing the inclusion/exclusion criteria was 77. Of  these, 16% (n = 
12/77) were published in the last 5 years, and 18% (n = 14/77) 
were systematic reviews and guidelines at the top of  the evi-
dence-based medicine pyramid.

Guidelines for writing narrative reviews were followed in the 
preparation of  the manuscript [13,14].

POST-STROKE COGNITIVE ASSESSMENT CRITERIA 
FOR DETERMINING COGNITIVE STATUS 

It is now increasingly acknowledged that assessment of  cognitive 
performance after stroke should be incorporated into the 'rou-
tine' neurological examination in clinical practice and research 
[9,15,16]. However, the objectivity of  cognitive impairment 
assessment after stroke is still debatable [17–20]. Cognitive as-
sessment is complex and should be based on some standardized 
criteria, such as diagnostic criteria for defining vascular cognitive 
impairment, selection of  a standardized procedure for assessing 
post-stroke cognition – the type of  cognitive instrument (screen-
ing test/battery), a statistical method for determining a cut-off  
point, criteria for selecting an approach for generalizing cognitive 
data across components/domains, etc. (Figure 2). Harmonizing 
criteria for assessing cognitive status is a priority for objectively 
determining the diagnosis, prevalence, and prognosis of  the on-
set/aggravation of  PSCI [7,21]. 

A set of  diagnostic criteria (a VASCOG statement) for defining 
vascular cognitive disorders (VCD) has been proposed in the lit-

Figure 2. Post-stroke cognitive assessment.
The recommended criteria for harmonizing cognitive assessment are represented in gray rectangles. 
DSM-5, Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; NPV, negative predictive value; PPV, positive predictive value; PSCI, 
post-stroke cognitive impairment; VASCOG, Vascular Behavioral and Cognitive Disorders.
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[40, 41]. In addition, insufficient sensitivity and specificity of  the 
MMSE scale have been reported [42]. MMSE has lower sensi-
tivity for mild cognitive impairment (MCI) in single-domain dis-
orders [36] (Table 2). 

The Chinese version of  MoCA (MoCA-BC) is also considered 
superior to MMSE in detecting MCI [43]. It should be noted, 
however, that some meta-analyses suggest that MMSE is a better 
test for diagnosing multidomain impairments than other screen-
ing tools [22] (Table 1).

Another difference between the two scales is their ability to 
track the dynamics of  post-stroke cognitive function [44] (Table 
2). In the prospective study of  Krishnan et al. [45], including pa-
tients with mild cognitive impairment, MoCA was able to re-
cord temporal cognitive changes over 3.5 years after stroke (M 
= -1.83, P < 0.001, d = 0.64). Tan et al. [46] have also conclud-
ed that MoCA is a clinically relevant tool for tracking cognitive 
variations over time (Table 2). On the contrary, MMSE has not 
been reported as sensitive in following up the dynamics of  cog-
nitive status [26,46]. Also, there is published evidence that the 
sensitivity of  MoCA to identify subtle cognitive impairments 
in patients with cerebrovascular disease is similar to that of  the 
computerized MindStreams neuropsychological test battery [47]. 
A moderate positive correlation (r = 0.6 P < 0.001) was reported 
between these two rating scales regarding memory, attention, and 
executive functions. Patients with low MoCA scores (<26/30) 
also had significantly lower cognitive scores in all MindStreams 
subcategories (executive function, memory, visual processing, ver-
bal function, and attention) (P < 0.001). 

The main criticisms of  the MoCA and MMSE application in 
stroke are related to their feasibility, especially in the acute disease 
stage, when stroke-related impairments like aphasia and hemis-
patial neglect may influence the scale scores obtained.

Other brief  screening tools have been studied to find the most 
effective method to assess cognitive status. IST is a quick cogni-
tive ability test focusing on executive functions (cognitive set-shift-
ing, generation, and processing speed) and semantic and working 
memory, which have predictive value for the preclinical detec-
tion of  dementia. The IST has been reported as a reliable and 
rapid screening tool for assessing cognitive impairment after de-
layed-onset stroke [26]. In the review of  Lees et al. [22], R-CAM-
COG is also considered a tool with good clinical applicability 
(Table 1). However, definite conclusions about the scale cannot 
be drawn due to the small number of  studies using it. Two other 
brief  screening tests are the Cognistat and the Screening Instru-
ment for Neuropsychological Impairment after Stroke, with sen-
sitivities of  82% and 71%, respectively, for recording deficits in 
any cognitive domain compared with a full neuropsychological 
assessment [48].

It is believed that the National Institutes of  Health Stroke 
Scale (NIHSS) for assessing the severity of  neurological impair-
ment is not designed to test global cognitive function. The cogni-
tion component of  NIHSS (Cog-4) includes assessment of  orien-
tation, executive function, language, and attention. However, it 
yields higher scores for aphasia than for neglect and higher scores 
related to stroke in the left than in the right hemisphere. Data on 
using the Cog-4 to assess cognitive status after stroke are incon-
sistent [49]. The addition of  two simple tests of  neglect (line can-
cellation and visual extinction) has been reported to improve the 
Cog-4 cognitive assessment significantly, and an increase in the 
difficulty of  executive task improves its diagnostic accuracy (AUC 
0.81), bringing it closer to that of  the MMSE scale (AUC 0.84) 
[50]. Therefore, without specific scales to assess PSCI, the Cog-4 

these two domains significantly predict short- and long-term cog-
nitive and functional impairment [12, 24-26].

A comprehensive neuropsychological assessment that uses re-
liable and validated instruments to measure multiple cognitive 
domains is considered the gold standard for evaluating cognitive 
dysfunction after stroke. An extended neurocognitive battery has 
been proposed in the literature with a very high sensitivity (91%) 
[27], which measures language, neglect and praxis, memory 
and emotional reactions, and screens for several specific cogni-
tive syndromes. However, such an instrument has low specificity 
(35%) in stroke because patients with more severe impairments 
perform poorly on longitudinal neuropsychological tests [26]. 
The National Institute of  Neurological Disorders and Stroke - 
Canadian Stroke Network (NINDS-CSN) neuropsychological 
battery with predefined cognitive domains for assessment has 
been developed and applied in research studies [28]. Assessing 
the same basic cognitive domains is essential to reduce the high 
heterogeneity between studies [17]. Moreover, Barbay et al. [12] 
suggested optimizing the criteria within the VASCOG statement 
by evaluating only the most frequently impaired domains and 
generating the so-called shortened summary score (an averaged 
score of  the data on action speed, executive functions, and lan-
guage), reporting an increase of  testing sensitivity by 9% [12] 
(Figure 2).

A comprehensive neuropsychological examination takes time 
and is exhausting for stroke patients. In more severely disabled, 
older patients or those in the acute phase of  stroke, when the 
cognitive impairment is most apparent, using shorter screening 
tools is recommended [22,29]. It should be noted that screening 
tests may omit very mild cognitive decline, which is more likely 
to benefit from intervention. Hence, a brief  screening test can be 
used for an initial assessment of  cognitive status but cannot be a 
substitute for subsequent multicomponent evaluation (Figure 2).

The Montreal Cognitive Assessment (MoCA), Addenbrooke's 
Cognitive Examination-Revised (ACE-R), Mini-Mental State 
Examination (MMSE), Isaacs Set Test (IST), Diagnostic and 
Statistical Manual of  Mental Disorders (DSM), Informant Ques-
tionnaire on Cognitive Decline in the Elderly, Rotterdam-CAM-
COG (R-CAMCOG), among others, are widely used brief  
cognitive screening instruments [22,30-36]. They are consid-
ered applicable in routine clinical practice and extensive stroke 
studies. In a meta-analysis, Lees et al.  [22] reported that four of  
the above-mentioned cognitive screening tools (ACE-R, MMSE, 
MoCA, and Rotterdam-CAMCOG) have similar accuracy for 
detecting PSCI, with none showing marked superiority (Table 
1). Moreover, when comparing shorter screening tests, such as 
MoCA (<22/30), with longer ones, such as ACE-R (<88/100), 
no significant difference in detecting cognitive impairments was 
found between their sensitivity (84% and 96%), and specificity 
(78% and 70%), respectively [22] (Table 1). The MoCA test is, 
therefore, often preferred when initial screening aims to cover all 
potential cases of  PSCI, as it offers high sensitivity and takes less 
time than tests with comparable sensitivity.

MMSE is also widely used in epidemiological studies and clin-
ical trials of  large samples of  patients with PSCI (Table 1). The 
main difference between the MoCA and MMSE scales is that the 
latter does not assess executive functions [37].

When comparing the two scales, the MoCA administered in 
the chronic phase detected more cognitive impairments than the 
MMSE [38,39] (Table 2). MoCA allowed better discrimination 
of  the cognitive profiles of  older adults without stroke, individ-
uals with TIA, or stroke (more than 6 months after the event) 
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neglect. Its main disadvantage is that it cannot be applied to pa-
tients with visual impairment or severe oral comprehension [54].

On the other hand, OCS rapidly evaluates several cognitive 
domains (language, memory, attention, calculation, and praxis). 
An important advantage of  the scale is its high sensitivity for 
stroke-related deficits like aphasia and neglect. The scale has been 
reported to be reliable and validated as a brief  neuropsycholog-
ical battery [55,56]. Recently, some studies have confirmed its 
good prognostic value for cognitive and functional outcomes in 
the chronic phase after stroke [53,57]. However, according to the 
European Stroke Organisation and the European Academy of  
Neurology joint guidelines on post-stroke cognitive impairment, 
there is still scarce data published regarding the OCS diagnos-
tic accuracy when evaluated against reference standards based 
on clinical diagnosis and/or comprehensive neurophysiological 
battery [58].

Given the above, no consensus has been reached on which cog-
nitive screening tools are more appropriate for assessing PSCI in 
specific settings. Although the domain-specific PSCI is a predic-
tor of  disability and cognitive dysfunction, nowadays, it remains 
underdiagnosed. The dynamics of  domain-specific impairment 
have been understudied, as are the rehabilitation outcomes for 
stroke survivors [59,60]. However, the effect of  cognitive impair-
ments on the functional outcome of  stroke patients varies de-
pending on the domain affected.

Validation of cognitive assessment tools   

When choosing a test instrument, one should be sure it is reliable 
and validated [17]. Unfortunately, few studies have been pub-
lished in which the classic model is used to assess an instrument's 

subscale may reasonably assess cognitive function. In addition, 
the Cog-4 may even be used as an accurate predictor of  demen-
tia (AUC 0.78) when applied in the chronic phase of  stroke (18 
months after stroke) [50].

In contrast, there is evidence that many stroke survivors with 
MoCA-defined cognitive deficits could not be diagnosed with 
Cog-4 due to insufficient test validity and accuracy associated 
with low sensitivity (36%) despite the favorable specificity (96%) 
[34] (Table 1). A similar conclusion was drawn by Ankolekar et 
al.  [51], who also provided evidence that at day 90 after stroke, 
the Cog-4 scale cannot be considered a useful cognitive tool as it 
is highly dependent on stroke location, relates to functional out-
come (as a subset of  the NIHSS) and has a severe 'floor effect.' 
These authors recommend using specific and validated assess-
ment tools instead of  Cog-4 for establishing post-stroke cognitive 
status.

Some studies used domain-specific screening tools to achieve 
better diagnostic and prognostic value of  cognitive assessment 
[52,53] because common cognitive impairments after stroke, e.g., 
aphasia, neglect, apraxia, visual disturbances, etc., can be eval-
uated only by tests specially developed for stroke patients. In ad-
dition, the impairments in different cognitive domains may have 
different recovery trajectories and require the implementation of  
specific rehabilitation procedures.

The Cognitive Assessment Scale for Stroke Patients (CASP) 
and the Oxford Cognitive Screen (OCS) are specific stroke 
screening tools. The CASP scale has a unidimensional structure 
and assesses global cognitive impairment. It has good psycho-
metric properties for cognitive screening in the sub-acute phase 
of  stroke in patients with severe motor aphasia or left hemisphere 

Table 2. Comparison between MoCA and MMSE in terms of PSCI detection and/or dynamics

Source Main results Time to administer

Delavaran H et al. (2017) [39] MoCA is more suitable than MMSE to register long-term PSCI. MMSE showed 
PSCI in 46% of patients, whereas MoCA - in 61%. Among the stroke survivors 
with MoCA<25, 35% had MMSE≥27 (P<0.001).

10 years post-stroke

Lees R et al. (2014) [22]
a meta-analysis 

MoCA and MMSE have similar accuracy for detecting dementia/multidomain 
impairment.
MMSE (<27/30): sensitivity 71%, specificity 85% (12 studies); MoCA (<26/30): 
sensitivity 95%, specificity 45% (4 studies); MoCA (<22/30): sensitivity 84%, 
specificity 78% (6 studies)

at any time post-stroke

Pendlebury ST et al. (2010) [38] MoCA records more cognitive impairments after TIA/stroke than the MMSE, 
demonstrating deficits in executive function, attention, and delayed recall.

at a 6-month or 5-year 
follow-up after TIA/stroke

Pendlebury ST et al. (2012) [36] MoCA has good sensitivity and specificity for MCI, whereas MMSE shows a 
ceiling effect. Sensitivity (77%) and specificity (83%) for MCI were optimal 
at MoCA <25. MMSE achieved sensitivity >70% only at a cut-off value <29, 
mainly because of relative insensitivity to single-domain disorders.

>1 year after TIA/stroke

Sivakumar L et al. (2014) [44] Acute temporary cognitive impairment after TIA/minor stroke is common. 
Cognitive impairment was registered in 54% with MoCA and 16% with 
MMSE; P=0.001. MoCA scores improved on days 7, 30, and 90; P<0.0001. The 
MMSE is not sensitive to these changes. 

across 90 days after TIA/
stroke

Tan HH et al. (2017) [46] Patients who experienced a decline in MoCA scores from 3–6 months to 
1 year were three times more likely to worsen their diagnosis transitional 
status (OR = 3.21, p = 0.004). No significant relation existed between the 
MMSE scores decline and having a decline in diagnosis transitional status 
from 3–6 months to 1 year after TIA/stroke. The MMSE may not be as 
sensitive as the MoCA in registering cognition changes.

from 3–6 mo to 1 year after 
TIA/stroke

MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; OR, odds ratio; TIA, transient ischemic 
attack
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concerning the mid-term prediction of  moderate to severe cog-
nitive impairment, was reported in another study with high sensi-
tivity and NPV [32] (Table 3). MoCA cut-off  scores of  23-24/30 
in the subacute phase diagnosed cognitive impairment with good 
sensitivity, NPV, and PPV [31] (Table 3). MoCA cut-off  points 
of  25/30 in the chronic phase of  stroke showed good sensitivity 
and specificity for MCI [36] (Table 3). Many centers recommend 
a lower MoCA threshold when the scale is administered in stroke 
assessment [15,22]. A meta-analysis based on four studies showed 
that a MoCA cut-off  of  26/30 had high sensitivity (95%) but 
low specificity (45%), while lowering the MoCA cut-off  (<22/30) 
slightly reduced sensitivity (84%) but significantly improved spec-
ificity (78%) [22] (Table 1). The systematic review of  Carson et 
al. [63] recommended a MoCA cut-off  value of  23/30, given its 
overall better diagnostic accuracy (86% correctly classified indi-
viduals compared with 78% at a cut-off  value of  26 and a lower 
false positive rate, as defined by Youden index = 0.71). Other 
investigators [64] chose a MoCA cut-off  point <23/30 as a PSCI 
indicator, citing this review. 

Further optimization of  the cut-off  point for PSCI may be 
necessary if  a study aims to assess a multidomain impairment. A 
MoCA threshold of  <26/30 should be used to detect single-do-
main/mild cognitive impairment, and an adapted cut-off  value 
(<22/30) could improve the test accuracy in post-stroke multi-
domain impairments [22].

It should be noted that the screening tests are often assessed 
separately in research. Few comparative analyses between differ-
ent tests applied to the same patient samples have been published, 
possibly because of  differences in test designs [58]. Furthermore, 
performing a summary analysis of  the diagnostic accuracy 
(based on sensitivity and specificity) of  tests using meta-analyses 
is important. However, diagnostic accuracy may vary depending 
on the cut-off  values chosen. Also, education, age, and cultural 
factors are not always considered when applying standardized 
cut-offs at the patient level.

Generalization/integration of test scores by cognitive 
components/domains   

When using a neuropsychological battery, the dichotomized 
scores of  the individual tests should be summarized (integrated) 
to form the clinical diagnosis (intact cognition or cognitive im-
pairment).

Different types of  generalizations have been proposed in the 
literature, such as the number of  negative test scores, the num-
ber of  impaired domains, the mean score of  different cognitive 
domains (e.g., language, visuospatial abilities, memory, executive 
functions), and the global summary score (e.g., mean of  all cogni-
tive scores after converting the raw scores into a standard metric, 
such as a z-score). Sometimes, a single negative test score was 
considered sufficient to classify a patient with cognitive impair-
ment. Other procedures focus on the cognitive domains (assessed 
with one or more tests) and classify the presence of  cognitive im-
pairment in cases of  one or more impaired domains. In clinical 
practice, the judgment about cognitive impairment is usually 
based on the number of  tests with negative scores.

However, it should be noted that PSCI criteria, based on mul-
tidomain cognitive assessment, improve sensitivity but may result 
in a high false positive rate, i.e., a high proportion of  individu-
als with intact cognition but negative test scores [19,21,61]. It is, 
therefore, necessary to find the most favorable balance between 
specificity and sensitivity as a function of  the number of  tests. 

accuracy, i.e., an index test against a reference (gold) standard 
based on an extensive neuropsychological test battery [22]. Using 
the clinical diagnosis of  PSCI/dementia as a reference standard 
has not always proved appropriate. Moreover, for reliable and 
valid assessment of  the instrument sensitivity and specificity, the 
index test and the gold standard assessments must be conducted 
within a short time interval [42]. Indicators such as sensitivity, 
specificity, positive predictive value (PPV), and negative predic-
tive value (NPV) must ensure that cognitively impaired patients 
are not omitted. It is recommended that the diagnostic accuracy 
of  the instruments used should reach a sensitivity of  ≥80% and 
a specificity of  ≥60%, evaluated in terms of  a long-term PSCI 
diagnosis based on a comprehensive neuropsychological test bat-
tery [21,42]. Test sensitivity rather than specificity is the leading 
factor in initial screening. Although it is essential to report PPV 
and NPV data, these values may vary depending on the impair-
ment prevalence rate in the population. Therefore, for these pa-
rameters to be compared between different studies, they should 
be calculated based on the sensitivity, specificity, and prevalence 
of  impairment in the study population [42].

COGNITION ASSESSMENT PROCEDURES WITH 
COGNITIVE INSTRUMENTS 

Dichotomizing test scores     

Apart from using different cognitive tools (screening tests or bat-
teries) in research and clinical practice, the lack of  standard ap-
proaches to generalizing the data obtained could be problematic.

Results from each cognitive test need to be dichotomized (pos-
itive/negative test outcome) based on adjusted norms for age, 
education, and other factors. Dichotomization is implemented 
by cut-off  values, which vary across studies. Most cut-off  val-
ues used as criteria for cognitive impairment in more than one 
cognitive domain are determined based on means and standard 
deviations (SD) of  component/domain test scores ranging from 
1.5 SD to 1.98 SD below the age- and education-adjusted con-
trol means. The commonly used cut-off  values of  1.5 SD and 
1.64 SD overestimate the false-positive rate. Also, cognitive im-
pairment was reported with scores below 1 SD or impairment in 
only one domain, which caused high false positive rates (>20%) 
[12,17]. However, the parameters like means and standard de-
viations are defined for normally distributed cognitive data. 
Studies rarely account for the deviation of  cognitive data from a 
normal distribution. At the same time, demographic factors and 
the non-parametric distribution of  most cognitive data strong-
ly influence the correct determination of  cut-off  points [61]. 
Therefore, the cut-off  points should be determined based on 
percentiles [61]. Thus, for instance, the cut-off  score of  the 5th 
percentile was found to be the most appropriate in the study of  
Barbay et al. [12], where a 5th percentile threshold applied to the 
above-mentioned shortened summary cognitive score provided 
the highest sensitivity and specificity (adjusted true positive rate 
43.5% and false positive rate ≤5%, P = 0.0001).

Regarding short screening tests, adequate sensitivity and 
specificity have been found using ROC analysis at different cut-
off  points, making clinical practice recommendations difficult 
[33,42,62]. For example, in the study of  Salvadori et al. [19], a 
MoCA cut-off  value of  21/30 points in the acute phase predict-
ed mid-term PSCI with good sensitivity and specificity (Table 
3). A similar MoCA cut-off  score (21-22/30) in the acute phase, 
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[61]. Furthermore, the highest sensitivity has been achieved us-
ing this global summary score. However, the authors recommend 
that this assessment be based on stroke-specific tests.

The literature also recommends adopting standard criteria 
for mild and severe post-stroke cognitive impairment, such as 
those proposed by the VASCOG group [60]. According to the 
VASCOG criteria, harmonizing the threshold to define cogni-
tive impairment is essential, given that it significantly affects the 
diagnosis and prediction of  post-stroke cognitive deficits [7]. In 
particular, the cut-off  scores should be adjusted for age, educa-
tion, premorbid intelligence, stroke characteristics, etc., since 
normative studies of  rating scales clearly show the broad impact 
of  demographic and cultural factors on their performance [21, 
42,67]. Therefore, the formation of  standardized and sufficiently 
large normative samples has been proposed, stratified by age and 
education in the countries where these procedures will be imple-
mented. In addition, Godefroy et al.  [61] provided a rationale for 
calculating the size of  normative populations required to ensure 
a 95%CI of  the 5th percentile below a given value, thus establish-
ing an approach to harmonize the diagnosis of  neurocognitive 
disorders and reduce the heterogeneity between studies in terms 
of  reported PSCI prevalence and prognosis.

An essential point in determining the accuracy and general-
izability of  the results obtained is implementing an approach to 
account for the missing data of  patients who could not complete 
the index test and the reference standard because of  communi-
cation problems or confusion [68]. Excluding these data from the 
analysis limits external validation [12]. 

Another source of  heterogeneity is the time point after stroke 
for the test assessment. Authors recommend investigating the po-
tential effect of  time after stroke on the sensitivity and specificity 
of  assessment instruments [42]. In this regard, there is published 

Even when the false positive rate for a particular procedure is 
less than 5%, using different methods to analyze and summa-
rize cognitive data may influence sensitivity significantly, and the 
difference can be as big as threefold between one procedure and 
another [61]. 

In conclusion, adopting a standardized approach for test scor-
ing, dichotomizing, and integrating individual test scores across 
test batteries may improve the accuracy of  diagnosis, prognosis, 
and prevalence assessment of  cognitive impairment [61,65,66].

Potential for standardization/harmonization of 
cognitive status assessment    

Several studies have addressed the issues of  developing optimized 
criteria for assessing post-stroke cognitive status [7,33,42]. It is 
believed that in routine practice, the cognitive screening tool used 
should readily identify patients at risk of  cognitive impairment. 
When using neuropsychological batteries, it is important to as-
sess fixed cognitive domains (e.g., five-speech, visual-constructive 
abilities, memory, speed of  action, and executive abilities) in ad-
dition to depression and behavioral changes [7]. The procedure 
for processing the combination of  cognitive scores obtained with 
these batteries is also recommended to be harmonized. When 
the outcome measure (impairment/intact cognition) from ad-
ministering a neuropsychological battery of  tests is based on 
the number of  'negative' scores on individual tests, as in clinical 
practice, this number should be adjusted for the number of  tests. 
However, such an adjustment reduces sensitivity and the ability 
to detect selective impairments. Published evidence has shown 
that determining a global summary score (obtained, for example, 
from a mean z-score) allows one to distinguish patients from con-
trols even when the impairment affects only one cognitive process 

Figure 3. Prognostic value of Montreal Cognitive Assessment.
MoCA, Montreal Cognitive Assessment; PSCI, post-stroke cognitive impairment
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predicts 3-month PSCI (OR = 0.67) [71] (Table 4). In the study 
of  Salvadori et al. [19], MoCA scoring in the acute phase of  
stroke was reported as a good predictor of  mid-term (6-9 months 
post-stroke) PSCI, regardless of  age, education, functional and 
cognitive premorbid status, stroke severity, and history of  lacunar 
infarcts (OR = 1.4) (Table 4). Moreover, according to the authors, 
if  MoCA is inapplicable in the acute phase of  stroke to assess 
cognition, this indicates further cognitive deterioration [19]. Zi-
etemann et al. [72] also found that the baseline MoCA scores 
of  patients without dementia before stroke, regardless of  age, 
premorbid cognitive status, and NIHSS at admission, predicted 
cognitive impairment as defined by a battery of  neuropsycholog-
ical tests (OR = 5.30) and Clinical Dementia Rating ≥0.5 (OR = 
2.53) over a 3-year follow-up period (Table 4). MoCA scores also 
predicted functional impairment as defined by Modified Rankin 
Scale (mRS)>2 (OR = 5.03) and Instrumental Activities of  Daily 
Living (IADL)<8 (OR = 2.48), as well as lethality (HR = 7.24) 
over the same period [72]. An additive predictive value of  the 
MoCA scale was found using ROC analysis. MoCA increased 
the area under the ROC curve for predicting cognitive dysfunc-
tion (AUC 0.81 versus AUC 0.72 on neuropsychological testing) 
and functional impairment (0.88 versus 0.84 on mRS score >2) 
(Table 4). In the long term, Zhao et al. [73] found that baseline 
MoCA scores (OR = 0.66) were an independent predictor of  
lower risk of  PSCI over a 6-year post-stroke period.

There was also evidence that baseline MoCA score was in-
dependently associated with incident PSCI (OR = 0.76) after 
adjustment for demographic factors, education, vascular risk fac-
tors, premorbid cognitive status, and NIHSS stroke severity scale 
[73] (Table 4). 

In the subacute phase of  stroke, MoCA scores also predicted 
mid- and long-term PSCI among stroke patients (Figure 3). In 
particular, MoCA in the subacute phase of  ischemic or hemor-
rhagic stroke (2 months after stroke) was an independent predic-
tor (β = 0.725; P < 0.001) of  cognitive impairment in the sixth 
month after stroke [74]. The MoCA global cognition score in 
the subacute phase (3 months after stroke) is one of  the most 
significant and independent predictors of  PSCI at year one after 
stroke [63]. Furthermore, Zhao et al. [73] found that the short-
term improvement in MoCA (within 3-6 months) (OR = 0.80) 
was an independent predictor of  lower risk of  long-term PSCI 
over a 6-year post-stroke period (Figure 3, Table 4). The authors 
also concluded that an increase in MoCA score within one year 
was associated with long-term improvement in cognitive function 
(OR = 0.86). 

Such an increase in MoCA scale scores is associated with brain 
plasticity, and cognitive improvement over a short interval (within 
one year) could be an early indicator of  long-term cognitive sta-
bility [73]. On the other hand, a decline in MoCA scores over 3-6 
months to 1 year after stroke was associated with a 3-fold higher 
risk (OR = 3.21) of  cognitive decline over the same period [46] 
(Table 4). Such a reduction can serve as a potentially efficient 
indicator of  the necessity to conduct further neuropsychologi-
cal testing of  stroke patients [46]. In the study of  Rohde et al. 
[75], MoCA score during the early chronic phase (6 months after 
stroke) was an independent predictor of  worse quality of  life (B = 
0.595), lower levels of  independence (B = 3.605), and increased 
likelihood of  depression (OR = 4.60) in the long term (5 years 
after stroke) [75] (Figure 3, Table 4).

The published evidence cited above suggests that cognitive as-
sessment (in the acute, subacute, and chronic phases of  stroke) 
with MoCA can predict long-term cognitive and functional sta-

evidence in favor of  acute phase-cognitive assessment [22]. Fu-
ture research is also needed to confirm which assessment tools 
are appropriate for initial screening and long-term assessment of  
post-stroke cognitive status. Over the years, a number of  cogni-
tive tools have been developed and studied. Diagnostic criteria 
for defining PSCI have been proposed, and some guidelines for 
assessing cognitive status in stroke patients have been designed. 
However, systematic reviews and meta-analyses have encoun-
tered certain difficulties in generalizing the results from different 
studies, thus preventing the formulation of  recommendations 
for choosing the best cognitive assessment tool/procedure in the 
context of  a specific situation. 

Harmonizing post-stroke assessment is a long-standing and 
challenging problem, still waiting to be resolved. To select the 
most appropriate tool and procedure in a given clinical context, 
clinicians can use evidence-based guidelines to assess cognitive 
impairments after stroke. In particular, analyzing the diagnostic 
accuracy of  cognitive instruments with a focus on metrics such 
as sensitivity and specificity may be useful. The potential conse-
quences of  false positive and false negative diagnoses should also 
be considered. 

Furthermore, the accuracy of  screening instruments has of-
ten been assessed in isolation. Therefore, comparative analyses 
of  the diagnostic accuracy of  different screening tools used in 
a large cohort under specified conditions - study design, stroke 
phase, and cut-off  values, are needed. The development of  cog-
nitive tools, validated in independent multicenter cohorts, that 
can assess the risk of  PSCI is also crucial. 

Systematic reviews and meta-analyses highlight too many small 
studies with methodological limitations and a high risk of  bias as 
serious drawbacks. In this regard, reducing patient dropout rates, 
correctly applying statistical analyses by considering the type of  
cognitive data distribution, using statistical methods accounting 
for missing data, blind interpretation of  the index test or refer-
ence standard, etc., are essential. It should also be kept in mind 
that stroke-related deficits, such as neglect and aphasia, as well as 
demographic factors, such as education, language, or culture, can 
render the results obtained from cognitive screening instruments 
misleading. On the other hand, evidence-based clinical practice 
can improve guidelines for clinical assessment of  PSCI. 

Given the existing clinical stroke guideline recommendations 
for acute-phase cognitive assessment, an optimal approach for 
its implementation in clinical settings should be sought. A con-
tradiction exists between the need to use a detailed and clinically 
sensitive cognitive tool and the requirements for the feasibility 
of  cognitive assessments in acute clinical settings. Also, cognitive 
tools should be freely available and applicable in routine practice.

PROGNOSTIC VALUE OF COGNITIVE ASSESSMENT 
Some studies have highlighted the clinical efficacy of  early cogni-
tive testing (in the acute and subacute phase) for mid- and long-
term PSCI prognosis. For this purpose, as noted above, brief  cog-
nitive tests are appropriate for initial screening in the acute phase.

Encouraging data about the good prognostic accuracy and 
validity of  the MoCA scale in acute stroke patients have been 
published in the last decade [62,69]. Accumulating evidence sug-
gests that acute phase cognitive assessment with MoCA predicts 
mid- and long-term cognitive and functional status and survival 
after stroke (Figure 3, Table 4). For example, the baseline MoCA 
score is independently associated with PSCI 3-6 months post-
stroke [32,70]. MoCA in hospitalized patients with mild stroke 
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CONCLUSION 

Adopting standard criteria for diagnosing mild and severe post-
stroke cognitive impairment would be helpful in routine clinical 
practice. Published studies highlight the clinical benefit of  early 
cognitive assessment for the mid- and long-term PSCI progno-
sis. Regarding the diagnostic accuracy of  the instruments used, 
a sensitivity of  ≥ 80% and a specificity of  ≥ 60% in terms of  a 
long-term PSCI diagnosis based on a comprehensive neuropsy-
chological test battery are recommended. PPV and NPV should 
be calculated by considering sensitivity, specificity, and the preva-
lence of  impairments in the study population. A threshold score 
of  the fifth percentile below the age- and education-adjusted con-
trol mean is considered most appropriate. Evidence-based, vali-
dated, reliable, and harmonized post-stroke cognitive assessment 
procedures could improve the ability to objectively analyze and 
summarize results published in the scientific literature regarding 
PSCI diagnosis, prevalence, and prognosis.
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