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ARTICLE INFO ABSTRACT
ATfiC{E History: Background: The Mini Mental State Examination and Montreal Cognitive Assessment are commonly used as
Received 16 December 2020 short screening batteries for assessing cognitive impairment after stroke. However, aphasia or hemispatial
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- ° neglect may interfere with the results. For this reason, we developed the Cognitive Assessment scale for
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Stroke Patients (CASP), which takes these conditions into consideration and previously demonstrated its
superiority over these scales in terms of feasibility.

Se{‘?d\/o:ds: rudi Objectives: Our goal was to verify the psychometric properties of the (original) French version of the CASP.
S; cl>k2 ton studies Methods: We included 201 patients with a recent first hemispheric stroke and 50 controls. Stroke patients

Cognitive were examined 4 times (visit 1 [V1] to visit 4 [V4]) in the subacute post-stroke phase. The structural validity
Assessment of the CASP was studied by principal factorial analysis, convergent validity by comparison with several varia-
bles including a comprehensive neuropsychological assessment, divergent validity by comparison with the
total score between stroke patients and controls, and sub-scores between right and left stroke. Internal con-
sistency, reproducibility and sensitivity to change were assessed. We propose the Minimal Clinically Impor-
tant Difference (MCID) value and a pathological threshold as well as a threshold to predict cognitive change
between V1 and V4.
Results: Of the 201 participants included (63% male; mean [SD] age 63 [13] years), CASP data were available
for 199/150/133/93 at V1/V2/V3/V4, respectively. CASP has a one-dimensional structure. The hypotheses of
convergent/divergent validities were confirmed. Internal consistency was good and reliability excellent.
Responsiveness was small to moderate, but the MCID could still be estimated. We discuss the choice of a
pathological threshold and a predictive threshold of V1 over V4.
Conclusions: CASP has good psychometric properties for screening cognitive impairment in the subacute
post-stroke phase, which is consistent with its Italian and Korean versions. It can be used for patients with
severe motor aphasia or left hemispatial neglect but not in case of severe oral comprehension or visual
impairment.
© 2021 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Abbreviations: ASRS, aphasia severity rating scale; AUC, area under the receiver oper- SEM, standard error of measurement; SRM, standardized response mean; SRMR, stan-

ating characteristic curve; BDAE, boston diagnostic aphasia examination; CASP, cogni- dardized root mean square residual; TLI, tucker lewis index
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difference; MMSE, mini mental state examination; MoCA, montreal cognitive assess- land.
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1. Introduction

The Mini Mental State Examination (MMSE) [1] and Montreal
Cognitive Assessment (MoCA) [2] are 2 short screening batteries
assessing cognitive impairment that are widely used in neurology
but are not suitable for many post-stroke patients. For example, a
patient with motor aphasia cannot answer the MMSE and MoCA
questions assessing anterograde amnesia or time orientation. Simi-
larly, a patient with severe spatial neglect may be uncomfortable
with the MoCA naming item because it is visual (drawing of a lion on
the left side of the page, and so should be compensated by position-
ing the sheet to the right of the patient).

For this reason, we developed the Cognitive Assessment scale for
Stroke Patients (CASP) [3,4] to minimize these disadvantages (Sup-
plemental Material 1 and 2): all answers can be given without using
language (with the exception of the naming test, of course), and sev-
eral items are arranged on the test page so that that they are not hin-
dered by left spatial neglect (side most often affected). The CASP
contains 9 items grouped in 6 dimensions: communication, spatial/
visuo-construction, executive functions, short-term memory, praxis
and time orientation (6 x 6 points). Its main features are that it
focuses specifically on post-stroke cognitive impairments, it is more
feasible to administer than the MMSE and MoCA in these patients,
and the severity of aphasia has much less influence on the overall
CASP score than the other 2 tests [3—5]. For example, it can be used
to establish that a mute patient is well oriented to time or does not
have anterograde amnesia, which is impossible to reveal with the
MMSE and MoCA. In Barnay et al., the CASP was impossible to admin-
ister in 18% of 44 unselected aphasic stroke patients as compared
with 36% for the MMSE and 30% for the MoCA [3]. In Benaim et al.,
the CASP was impossible to administer in 0% of 50 unselected non-
aphasic patients versus 0% for the MMSE and 6% for the MoCA [4]. A
cultural adaptation of the drawings was suggested by Park et al., who
cross-culturally validated the CASP in Korean [6], then by an Iranian
team that is currently validating the instrument in Persian (unpub-
lished data). Its main limitation is that it cannot be used in case of
severe oral comprehension impairment.

This work was the final validation of CASP (French version)
including structural validity, reliability and responsiveness. We
hypothesized that the CASP has a predominantly one-dimensional
structure, which corresponds to overall cognitive performance, and
possibly 2 additional dimensions supported by language and hemi-
spatial neglect, usually found in left and right hemispheric strokes,
respectively.

2. Material and methods
2.1. Study design and setting

Five rehabilitation services in France and Switzerland participated
in this multicenter cohort prospective study. The protocol was
approved by the ethics committees in France (2013-A00913-42, East-
France CCP, 2015-02-20) and Switzerland (CCVEM 048/14, 2014-
12.01).

2.2. Patients

In total, 201 consecutive patients aged 18 to 90 years were
recruited between January 2015 and February 2019. The inclusion
criteria were first-ever unilateral hemispheric stroke, time since
stroke < 2 months, and informed consent given. Non-inclusion crite-
ria were known cognitive deficiencies, psychosis or severe visual
impairment before the stroke, non-French-speaking, and severe
stroke-induced impairment of oral comprehension. Regarding the
latter and as explained previously [3,4], the assessment of oral com-
prehension by precise clinical tools such as the Boston Diagnostic
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Aphasia Examination (BDAE) [7] items is not compatible with the
objective of the CASP, which must be able to be administered quickly
and by non-specialists. For this reason, we use the Aphasia Severity
Rating Scale (ASRS) of the BDAE to detect patients unable to complete
the CASP. However, the examiner is instructed to consider only oral
comprehension because severe speaking impairment does not pre-
clude taking the CASP. Under these conditions, the ASRS score should
not be <2/5.

2.3. Control groups

We included 50 age-matched patients recruited from orthopaedic
and geriatric rehabilitation services. Apart from stroke, the criteria
for inclusion and non-inclusion were the same as for stroke patients.
Data for these patients were used for assessing divergent validity. In
daily practice, the primary goal of the CASP is to detect cognitive
impairment in stroke patients. Therefore, we set up a second control
group of stroke patients without any cognitive impairment detected
by the neuropsychologist at the fourth visit. Data for these patients
were used for assessing pathological and predictive thresholds.

2.4. Variables and follow-up

After the inclusion visit (VO), patients were assessed for an initial
assessment (V1), then for 3 more visits (V2 to V4), according to the
schedule described in the Fig. 1.

Data collected included general socio-demographic data; brain
lesion description: side, mechanism (ischemia/hemorrhage), US
National Institute of Health Stroke Score’ (NIHSS); and neurological
deficiencies and impairments: CASP, MMSE, ASRS [8], modified Ran-
kin Scale [9] (mRankin), and the “sadness” item of the visual analogue
mood scale [10]. As a clinical anchor to define cognitive impairment,
we let the neuropsychologists choose among valid clinical scales
available in their respective rehabilitation centers the best-fitting
tests for their patients. However, we encouraged them to use the
BDAE or the Montreal-Toulouse 86 test [11] for aphasia and the Line
bisection [12] or Bell's test [13] for spatial neglect. Then, they had to
rate each of the following domains on a 5-point Likert scale (0: no
deficiency to 5: severe deficiency): language production and compre-
hension, praxis, amnesia, spatial unilateral neglect, executive func-
tioning and timed-orientation (same domains as for the CASP). We
called it the Comprehensive Neuropsychological Assessment (CNA).
All the neuropsychologists had at least 5 years of experience with
stroke.

On visits V1 to V4, the CASP was administered by experts (neuro-
psychologists, senior neurologists or physiatrists) or non-expert clini-
cians (physicians in training or clinical psychologists), depending on
the local organization. In all cases, the neuropsychologist who admin-
istered the CNA was blinded to CASP results. The sequence of exam-
iners for visits 1 to 3 (reliability) was “1st rater—2nd rater—1st rater”
in all but one center (1st rater—1st rater—2nd rater). All other clinical
scales were administered by physicians (physiatrists or neurologists).
V1 to V4 always occurred during the rehabilitation stay; patients
who left the hospital before V4 were not contacted after discharge.

2.5. Statistical methods

The statistical methods used follow the COSMIN guidelines, and
the reporting is in accordance with the STARD 2015 checklist.

Structural validity: The aim was to determine the underlying
dimensions of the CASP (i.e., 1, 2 or more concepts measured by the
items). First, we conducted principal factor analysis (PFA), which
builds up uncorrelated variables (factors). Coefficients defining these
linear combinations, called factor loadings, may be interpreted as cor-
relation coefficients. To determine the number of retained factors, we
used the Kaiser criterion [14]: eigenvalues (proxy of the explained
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eInclusion - Informed consent
*ASRS, NIHSS, mRankin, VAMS
*N=201

+DO (Validity)
*CASP-V1, MMSE, CNA-1

*N=193 (121 men, mean [SD] age 63 [13] years, mean NIHSS 5.0 [4.0])

¢D2-4 (Intra-rater reliability)
*CASP-V2

*N=151 (92 men, mean age 62 [13] years, mean NIHSS 5.4 [4.1])

*D5-7 (inter-rater reliability)
*CASP-V3

*N=135 (80 men, mean age 62 [14] years, mean NIHSS 5.5 [4.0])

*D21-60 (Sensitivity to change)
*¢CASP-V4, CNA-2, evolution

*N=93 (54 men, mean age 62 [12] years, mean NIHSS 6.0 [4.0])

€€€€C

Fig. 1. Scheduling and content of visits from the inclusion visit (VO) to visit 4 (V4), number of patients per visit. ASRS, Aphasia Severity Rating Scale; CASP, Cognitive Assessment
scale for Stroke Patients; CNA, Comprehensive Neuropsychological Assessment; D, day; MMSE, Mini Mental State Examination; mRankin, modified Rankin Scale; NIHSS, US National

Institute of Health Stroke Score; VAMS, Visual Analogous Mood Scale.

variance) >1. We next studied item loading on each factor, consider-
ing 0.3 as significant loading [15]. Finally we performed a confirma-
tory factor analysis [16] by using the retained PFA structure of the
CASP. In this analysis, each item was defined to represent only one
domain, but the domain scores were allowed to correlate with each
other. To assess the model quality of fit, we report the following: (1)
ratio of the chi-square statistic and degrees of freedom (chisq/df <3
indicates acceptable fit) [17]; (2) standardized root mean square
residual (SRMR <.08 indicates acceptable fit) [18]; (3) root mean
square error of approximation (RMSEA<0.05 or even 0.08 is generally
considered good fit and >0.1 corresponds to poor fit) [19,20]; and (4)
indexes to describe incremental fit, the Bentler Comparative Fit Index
(CFI) and Tucker Lewis Index (TLI) (CFI and TLI >0.9 indicate good fit)
[21].

External validity: (1) convergent validity was determined by com-
paring the results of the CASP with those of other clinical scores by
Spearman’s rank correlation. We expected at least moderate correla-
tion (>0.35) with the CNA, MMSE, and mRankin scores and NIHSS. (2)
Divergent validity: we compared CASP domain scores between stroke
groups defined by lesion side (left vs right) and between cases and
controls by Student t test [22]. Left stroke patients were expected to
have lower scores on language items and higher scores on spatial/
visuo-construction items. Controls were expected to have higher
total scores than stroke patients.

Reliability: (1) for internal consistency, Cronbach’s alpha coeffi-
cient was computed for CASP items, with > 0.7 considered satisfac-
tory [23]; (2) inter- and intra-rater concordance were assessed by
computing intra-class coefficients (ICCs). Agreement was considered
excellent at ICC >0.75, good at 0.4—0.75 and poor otherwise [24].

Responsiveness: The sensitivity to change observed by neuropsy-
chologists between V1 and V4 was quantified on a 9-point Likert
scale (from -4 to 4). Effect size (ES=Ascore/6initial score) and the
standardized response mean (SRM=Ascore/6 [Ascore]) were calcu-
lated for patients with improved condition (improvement of at least
2 points on the Likert scale). Values of 0.20, 0.50, and 0.80 for these
statistics correspond to a small, moderate or important change,
respectively [25]. The mean difference in scores between patients
with improvement of at least 2 points on the CNA and those with no
improvement was considered a first estimate of the CASP Minimal
Clinically Important Difference (MCID), according to the Anchor-
based method [26]. A second estimate of the MCID was obtained

with the distribution approach by calculating the standard error of
measurement (SEM=6*Square root [1—r], where 6=baseline standard
deviation and r=Cronbach’s alpha) [27].

Pathological thresholds of the CASP were determined by compar-
ing patients without cognitive deficiencies (CNA=0) to the others. We
used V4 data to ensure sufficient patients without impairment. The
area under the receiver operating characteristic curve (AUC) was cal-
culated for the CASP. Because the purpose of the CASP was for screen-
ing cognitive deficiencies by non-expert clinicians before referral to
neuropsychologists, the thresholds were determined by prioritizing
sensitivity to specificity.

Predictive thresholds were determined in the same manner: we
estimated the extent to which the CASP score at V1 could predict the
CNA score at V4.

2.6. Study size

The number of patients required for the PFA was 20 times the
number of CASP items, so 180. In total, 120 patients were required to
ensure an ICC of 0.7 with accuracy of +0.1. Fifty control participants
were needed to ensure a difference of 1.3 for divergent validity, with
precision £1.5.

3. Results
3.1. Participant characteristics (Table 1, Fig. 1)

We included 201 patients. Because the number of participants
needed for reliability (V2 and V3) was reached before the end of the
inclusions, the last patients had only VO (inclusion), V1 (validity) and
V4 (sensitivity to change). The number of patients assessed at the 5
visits was 201, 193, 151, 135 and 93. The number of missing CASP
scores at visits V1 to V4 was 2, 1, 2 and 0, or 5/572 (1%). In all cases,
only one item was not completed (4, “Reproducing a copy of a cube”
and 1, “Inhibition/Flexibility”). The proportion of incomplete MMSE
scores was 10/152 (7%). For participants who required a long stay in
rehabilitation services and who were still present at V4, the mean
(SD) CASP score improved by 1.87 (3) points (p < 0.001). At initial
assessment, they had more severe global impairments and disabil-
ities than the others (mean NIHSS: 5.84 [3.89] vs 4.01 [3.90],
p = 0.0017; mRankin score: median [interquartile range] 4 [3, 4] vs 2
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Table 1
Main baseline characteristics of stroke patients (n = 201).

Overall Patients attending V4
n=201 n=93
Age, years 63 (13) 62 (12)
Sex (M) 127 (63%) 54 (58%)
Lesion side (n = 199)
Right 106 (53%) 56 (60%
Left 92 (46%) 35(38%)
Bilateral 1 5(1%)
Lesion type
Ischemia 152 (76%) 64 (68%)
Hemorrhage 49 (24%) 29 (32%)

Days post-stroke (VO)
NIHSS (VO, n = 196)
ASRS (VO, n =200)
MMSE (V1,n=151)
CNA(V1,n=188)
mRankin

- No disability (0, 1) 47 (23%) 7 (8%)

- Light-mild disability (2,3) 70 (35%) 31(33%)

31.1(127)  33.7(13.7)
5.0 (4.0) 6.0 (4.0)
5.0(1.4) 5.1(1.4)
252(42)  245(5.0)
54(3.9) 59(4.2)

- Severe disability (4, 5) 79 (39%) 53 (57%)
VAMS sadness (n = 178) 71.4(26.8) 74.9(26.7)
CASP
V1 (n=199) 30.6 (4.9) 30.1(5.6)
V2 (n=150) 31.1(4.9) 30.8(5.3)
V3 (n=133) 31.6 (4.5) 31.1(5.0)
V4 (n=93) 31.8(4.6) 31.8(4.6)

Data are mean (SD) unless indicated. ASRS, Aphasia Severity Rating
Sacle; CASP, Cognitive Assessment scale for Stroke Patients; CNA, Com-
prehensive Neuropsychological Assessment; MMSE, Mini Mental State
Examination; mRankin, modified Rankin Scale; NIHSS, US National
Institute of Health Stroke Score; V, visit; VAMS, Visual Analogous Mood
Scale.

[1-3], p < 0.0001) but equivalent cognitive impairments (mean CNA
score: 5.9 [4.2] vs 4.9 [3.6], p = 0.1194; mean CASP score: 30.1 [5.6] vs
31.1 [3.91], p = 0.4024). After checking and validation, data for 201
participants (193 at V1 and 8 at V2) were available for assessing
structural and external divergent validity (initial CASP data), 193 for
external convergent validity (V1), 132 for inter-rater reliability
(mainly V1 and V2), 129 for intra-rater reliability (mainly V2 and V3)
and 93 for sensitivity to change (V4). The mean age of the 50 non-
stroke participants was comparable to that of stroke patients (64 [17]
vs 63 [13], p = 0.68) but with fewer men (42% vs 63%, p = 0.0097).

3.2. Structural validity

PFA: Only one factor was selected by the Kaiser Criterion, which
suggests that CASP is rather unidimensional. Factor loadings of all
items were higher for Factor 1 than other factors (Table 2), which
therefore can be considered the “overall cognitive performance fac-
tor”. Factors 2 and 3 should not be taken into account, but of note,
language items (left lesions) were best correlated with Factor 2 and
the hemispatial neglect item (right lesions) with Factor 3.

Confirmatory factor analysis: Chisq/df and SRMR values were
acceptable (2.79 and 0.0643, respectively), the RMSEA was adequate
(0.095, 95% confidence interval [CI] 0.069—0.121), and CFI and TLI
were fair (0.864 and 0.812).

3.3. External validity

Convergent validity: the CASP score was strongly correlated with
the CNA score (Rho = -0.788, p < 10~%) and MMSE score (Rho = 0.640,
p < 107%), moderately with the mRankin score (Rho = -0.388,
p < 107%) and weakly with the NIHSS (Rho = -0.288, p < 107); the
latter did not support the convergent validity.

Divergent validity: Mean CASP scores were similar for left and
right hemispheric stroke patients (30.8 [5.3] and 30.3 [4.6],
p = 0.5001). As expected, the mean language score (Naming
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Table 2
Factor loadings of the principal factor analysis. All items were best repre-
sented on the first factor.

Factor pattern

CASP items Factor1(81%)  Factor2 (13%)  Factor3 (6%)
Naming 0.45154 0.39273 -0.00212
Comprehension 0.53658 0.33151 0.12017
Cube 0.55542 -0.29031 0.11372
Line bissection 0.33905 -0.19757 0.26231
Graphic series 0.62828 -0.03099 -0.03026
Inhibition/flexibility 0.59698 -0.12880 -0.25295
Short-term memory 0.52860 0.06323 0.07957
Praxis 0.58015 -0.09607 -0.06064
Temporal orientation ~ 0.54706 -0.01520 -0.09595

+Comprehension) was significantly lower and spatial/visuo-construc-
tion score (Cube+Line bisection) higher with left than right hemi-
spheric stroke (5.5 [1.1] vs 5.8 [0.4], p = 0.0053 and 4.9 [1.4] vs 4.1
[1.7], p = 0.0006). The mean CASP score was significantly lower for
stroke patients than controls (30.6 [4.9] vs. 32.9 [3.2], p < 107%).
Scores for all 6 CASP domains were lower for stroke patients than
controls, but the difference was not significant for praxis and time
orientation (p = 0.1911 and p = 0.4556, respectively).

3.4. Reliability

Internal consistency: Cronbach's alpha was 0.78 (95% CI 0.69
—0.83), which indicates good internal consistency.

Inter-rater reliability: the mean time between the 2 administra-
tions was 2.8 (1.0) days. The ICC was excellent for the total CASP score
(0.78, 95% C1 0.73—-0.83]) and the language domain (0.80, 95% CI 0.74
—0.84]) and good for the other 5 domains (0.42—0.65). Among the 9
individual items, only Line bisection had a poor ICC (0.37, 95% CI 0.27
—0.48]).

Intra-rater reliability: The mean time between the 2 administra-
tions was 3.7 (1.4) days. The ICC was excellent for the total CASP score
(0.85, 95% CI 0.79—0.89) and language (0.89, 95% CI 0.85-0.92) and
spatial/visuo-construction domains (0.77, 95% CI 0.69-0.83) and
good for the other 4 domains (0.51-0.73). For the 9 individual items,
the ICCs were good or excellent (0.51-0.96).

3.5. Responsiveness

If we consider as significantly improved individuals showing
improvement by at least 2 points on the CNA (78/93 stroke patients),
then the responsiveness was small (ES=0.41) to moderate
(SRM=0.76). For these patients, CASP scores improved by a mean of
2.3 (3.0) points (p = 0.002), which can be considered a first estimate
of the MCID (anchor-based method). The second estimate (distribu-
tion approach) was very close: 2.3.

3.6. Pathological threshold (Table 3)

At V4, the mean CASP score for the 11 patients without cognitive
impairment (CNA score =0 at V4) was 35.6 (0.5) versus 31.2 (4.6) for
the other 82. The AUC was excellent: 0.90 (95% CI 0.84—0.96). The
threshold was 34.5 to 35 depending on whether sensitivity or speci-
ficity was prioritized. A priori, we retained a threshold of 35, which
gave a sensitivity of 89% and specificity 64%. Positive and negative
predictive values to predict cognitive impairment were 95% and 56%,
respectively.

3.7. Predictive threshold (Table 4)

At V1, the mean CASP score for the 11 patients who fully recov-
ered cognitive functions at V4 (CNA=0 at V4) was 34.2 (1.7) versus
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Table 3

Pathological thresholds. Sensitivity, specificity and Youden index for the
CASP at visit 4 (CASP V4) as compared with the Comprehensive Neuropsy-
chological Assessment at visit 4 (CNA V4).

CASP V4: Potential cut-off ~ Sensitivity ~ Specificity =~ Youden Index
33.0 0.54 1.00 0.54
335 0.56 1.00 0.56
34.0 0.74 1.00 0.74
345 0.76 1.00 0.76
35.0 0.89 0.63 0.52

29.5 (5.7) for the other 82. The AUC was very good: 0.81 (95% CI 0.70
—0.92). The threshold was 32.5 to 34.5 depending on whether sensi-
tivity or specificity was prioritized. A priori, we retained a threshold
of 34.5, which gave a sensitivity of 84% and specificity of 55%. Positive
and negative predictive values to predict full recovery were 93% and
32%, respectively.

4. Discussion

Our study suggests that the CASP could be an interesting tool for
screening patients with cognitive impairment in the subacute phase
of stroke. This finding is consistent with results from its Italian and
Korean versions [5,6]. It could also give an idea of the cognitive evolu-
tion in the medium term.

In the present study, 7% of the MMSE scores could not be calcu-
lated because of missing items versus only 1% for the CASP, which
shows the good feasibility of this test.

The CASP is essentially unidimensional in structure and measures
cognitive impairment overall. However, the language items also con-
tributed somewhat to the formation of a second factor and the
neglect item contributed somewhat to the formation of a third factor.
This result was not surprising because patients with severe aphasia
and those with severe unilateral spatial neglect are known to have a
very different clinical profile.

We verified the convergent and divergent validity, reproducibility
and responsiveness of the CASP. The reproducibility of some items
could be perfected, especially Line bisection between 2 different
examiners. This observation could be due in part to the heterogeneity
of our examiners because in 52% of cases, one of the 2 examiners was
not an experienced clinician (physician in training). However, we
would need to improve the instructions for completing the tests for
better reproducibility because this tool is intended for rapid screen-
ing “at the bedside”, and young doctors are often on the front line.
Consequently, the following sentence has been added to the instruc-
tion for the bisection test: “...the form must be placed exactly in front
of the patient and on a table without distractors.”

The determination of the MCID was beyond our expectations
because both estimation methods yielded almost identical values,
which is relatively rare. The pathological threshold below which cog-
nitive impairment is likely was quite high, 35/36, which indicates
that the CASP is an “easy” scale. However, in this part of the

Table 4
Predictive thresholds. Sensitivity, specificity and Youden index of the CASP
at visit 1 (CASP V1) as compared with the CNA at visit 4 (CNA V4).

CASP V1 Potential cut-off ~ Sensitivity ~ Specificity =~ Youden Index
31.0 0.56 0.90 0.47
315 0.59 0.90 0.50
32.0 0.65 0.81 0.47
325 0.69 0.81 0.50
33.0 0.71 0.63 0.35
335 0.72 0.63 0.36
34.0 0.80 0.54 0.34
345 0.83 0.54 0.38
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calculations, the number of stroke patients without cognitive
impairment was quite small as compared with other patients, and
this value should be confirmed with a larger population. In contrast,
we prioritized the sensitivity of this screening test; otherwise the
threshold would have been lower. Several control participants had a
score below this value, which may be a surprise. We had included
these participants for the divergent validity check, and for this, they
did not need to undergo a full cognitive assessment before enrol-
ment. We simply ensured no known cognitive impairments in medi-
cal records. Thus, the CASP likely detected some participants as
having early-onset cognitive impairment that had not been previ-
ously explored. The threshold of 34/36 in the first month post-stroke
allows us to differentiate patients who will have an excellent
medium-term evolution (between V1 to V4) from other patients. This
can be useful in establishing the prognosis and for planning manage-
ment, as was pointed out with the Birmingham Cognitive Screen
[28].

4.1. Interpretation

The CASP is not free of flaws. The main one is certainly that it can-
not be administered in the presence of severe comprehension defi-
ciencies because the patient may not understand instructions, but
this limitation is common to most cognitive assessment tests. Fur-
thermore, although to our knowledge, the CASP is the only test that
offers a temporal orientation item that does not rely on language, we
did not find a non-verbal equivalent of the spatial orientation test
(“What country/city are we in?”, “What floor of the building?” etc.).
However, patients without aphasia could possibly be invited to give
an oral response to that item.

The CASP is not the only clinical scale specifically designed for
post-stroke. To the best of our knowledge, one of the oldest (2009) is
the Brief Neuropsychological Screening test [29], which is very rapid
(5—10 min) but does not explore temporal orientation and is only
available in Italian. The Birmingham Cognitive Screen [30] was pro-
posed in 2012 for assessing apraxia and determining functional prog-
nosis after stroke. Its usefulness for global cognitive assessment and
prognosis was demonstrated in 2015 [30]. Thus, the tool is interest-
ing and comprehensive, but it takes about 1 h to complete, which we
felt was too long for our purposes. Moreover, it is not free of charge.
We found 5 other stroke-specific batteries in the literature, all pub-
lished in 2015 or later but containing a variable number of verbal
items to assess functions other than language: the Brief Memory and
Executive Test [31], the Oxford Cognitive Screen [32], the Mild Vascu-
lar Cognitive Impairment assessment tool [33] and the Northwick
Park Examination of Cognition [34].

In our opinion, the most interesting result of the previous CASP
studies was that the severity of language impairment affected the
CASP scores for items (other than language) much less than did the
MMSE or MoCA (this last result having been established for the
French and Italian versions of the CASP) [3,5]. However, the CASP
cannot be used with severe oral comprehension disorders, the limit
of feasibility being set to a score of <3/5 for the ASRS [8]. The face and
content validity of the French version of the CASP have been estab-
lished [3,4]. The Italian and Korean versions of the CASP showed
good psychometric properties [5,6]. Persian and Chinese versions are
being validated, after minor cultural adaptation (data not yet pub-
lished).

4.2. Study limitations

The first limitation of this study was the absence of a standardized
CNA across the 5 centers. However, we thought that imposing a sin-
gle assessment battery such as that proposed by Hachinski et al. [35]
on 5 university services would be less effective than letting experi-
enced neuropsychologists choose tests best suited to the patient's
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impairments, from among those they were used to administering.
There were some deviations from the protocol in our study. For
example, some patients were included beyond the planned 2 months
post-stroke (up to 90 days) and some assessments for reproducibility
were > 4 days apart (up to 6 days). These protocol deviations may
have underestimated the responsiveness and reproducibility of the
CASP, but the results were still satisfactory. Another limitation of the
study is the sample size, which did not guarantee the validation or
the determination of pathological thresholds in different age and
educational groups or in left/right stroke patients. This would justify
the continued inclusion of control and stroke patients. Finally, we
had 201 patients at V1 and 93 at V4, which could indicate attrition
bias. Actually, those who left the units before V4 were comparable to
others in terms of cognitive impairments but less affected physically
and therefore required a shorter stay.

4.3. Generalisability

From our work and clinical experience, the CASP would also be
useful in the chronic post-stroke phase, but we do not know if it
could also be used in the early phase. In an intensive care unit,
patients are typically lying down, which is already a feasibility issue
and requires adaptation. In addition, some patients would probably
not be able to be assessed by the CASP at one time because of fatiga-
bility.

Finally, this test should not be given more prominence than it was
designed for: rapid screening for post-stroke cognitive impairment
by less experienced examiners (e.g., young residents). For this reason,
it should be sensitive rather than specific. If the screening is positive,
the patient must be assessed more closely by a neuropsychologist or
speech-language pathologist to organize management. After a few
years of using this test, within this framework, the CASP would cer-
tainly have its place as an alternative to other rapid cognitive assess-
ment batteries.

5. Conclusions

These results are encouraging and show that the CASP is a useful
screening tool in daily practice in the subacute phase after stroke.
Patients with a pathological score should be referred to a neuro-
psychologist or speech-language therapist for full assessment and
treatment.

Supplemental material:

- English CASP (on-line)

- French CASP (on-line)
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