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Abstract

Background The early detection of patients at risk of post-stroke cognitive impairment (PSCI) may help planning subacute
and long-term care. We aimed to determine the predictivity of two screening cognitive tests on the occurrence of mild cogni-
tive impairment or dementia in acute stroke patients.

Methods A cognitive assessment within a few days of ischemic or hemorrhagic stroke was performed in patients consecu-
tively admitted to a stroke unit over 14 months by means of the Clock Drawing Test (CDT) and the Montreal Cognitive
Assessment-Basic (MoCA-B).

Results Out of 191 stroke survivors who were non-demented at baseline, 168 attended at least one follow-up visit. At
follow-up (mean duration +SD 12.8 + 8.7 months), 28 (18.9%) incident cases of MCI and 27 (18%) cases of dementia were
recorded. In comparison with patients who remained cognitively stable at follow-up, these patients were older, less educated,
had more comorbidities, a higher score on the National Institutes of Health Stroke Scale (NIHSS) at admission, more severe
cerebral atrophy, and lower MoCA-B and CDT scores at baseline. In multi-adjusted (for age, education, comorbidities score,
NIHSS at admission and atrophy score) model, a pathological score on baseline CDT (< 6.55) was associated with a higher
risk of PSCI at follow-up (HR 2.022; 95% CI 1.025-3.989, p < 0.05) with respect to non-pathological scores. A pathological
baseline score on MoCA-B (< 24) did not predict increased risk of cognitive decline at follow-up nor increased predictivity
of stand-alone CDT.

Conclusion A bedside cognitive screening with the CDT helps identifying patients at higher risk of PSCI.
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Introduction recommended [1] because more than half of stroke survi-

vors experience post-stroke cognitive impairment (PSCI).

Stroke is the second leading cause of death and the third
leading cause of disability worldwide [1]. The major bur-
den of stroke concerns the chronic phase. In collective per-
ception as well as in clinical trials, disability after stroke is
mainly intended as physical disability, although a broader
vision that includes evaluation of cognitive impairment is
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In two-thirds of cases, PSCI corresponds to a mild cognitive
impairment, in one third to dementia [2] and significantly
impacts the quality of life of stroke survivors [3, 4]. PSCI
is a clinical entity that encompasses all types of cognitive
decline following an index stroke; it may occur immediately
or in the first months after stroke. In some cases, PSCI sever-
ity can worsen over time [5], perhaps because of an underly-
ing degenerative or micro-vascular pathology.

Early identification of patients at risk for PSCI is likely
important for the assessment of subacute and long-term
management strategies for stroke patients (e.g., rehabilita-
tion, adherence to therapies and to risk factors control) [6,
7]. Handy cognitive instruments to systematically assess
stroke patients at bedside would be useful to formulate a
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cognitive prognosis, but there is no consensus about the best
tools to use [8].

Champod et al. suggested the use of clock drawing test
(CDT) in the acute phase due to its predictivity of func-
tional and cognitive outcomes one year after stroke [9]; the
authors further advised to administer CDT in association
with another screening test to compare predictive abilities.
For this reason, we wanted to extend the results of the study
of Champod by comparing the performances of CDT with
those of Montreal Cognitive Assessment Basic (MoCA-
B) [10]. The two test were administered during the acute
phase of stroke with the aim of assessing their predictivity
on the occurrence of cognitive decline at follow-up in previ-
ously non-demented adults. In comparison with the original
MOCA test [11], MOCA-B is a more culturally neutral test
and does not include the CDT as the original version; its
subtests might be less influenced by language and grapho-
motor impact.

Methods
Study population

Consecutive patients with acute ischemic or hemorrhagic
stroke admitted to the stroke unit of the Luigi Sacco Uni-
versity Hospital were recruited between January 1, 2018,
and February 28, 2019. All patients underwent an assess-
ment of demographic and clinical parameters, including
the Cumulative Illness Rating Scale (CIRS) [12] for the
evaluation of pre-existing comorbidities, the National
Institutes of Health Stroke Scale (NIHSS) [13] for the
evaluation of stroke severity, and the modified Rankin
Scale (mRS]) [14] at the time of admission and discharge
from the stroke unit to evaluate global functioning before
and after the acute event. A neuroimaging evaluation by
means of CT scan or MRI allowed the definition of recent
ischemic or hemorrhagic lesions, the quantification of leu-
koaraiosis (using the Wahlund scale with a score ranging
from O to 30) [15] and of global atrophy (using the Pas-
quier scale with a score ranging from 0 to 39) [16]. We
performed an evaluation of pre-stroke functional abilities
and cognitive status through an interview with carers of
patients and the compilation of the activities of daily living
(ADL) [17], instrumental activities of daily living (IADL)
[18] and the clinical dementia rating (CDR) [19] scales;
for this latter, a global score of 0 was considered indica-
tive of the absence of a previous cognitive impairment, a
global score of 0.5 suggestive of a previous mild cognitive
impairment (MCI) and a global score of > 1 suggestive
of a previous dementia [20]. The two selected cognitive
screening tests (MoCA-B and CDT) were administered at
bedside during the hospitalization. MoCA-B assesses the
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same cognitive domains as the original MoCA (executive
functions, language, orientation, calculations, conceptual
thinking, memory, visuoperception, attention and concen-
tration) but detects cognitive impairment also in illiterate
and lower educated subjects. MoCA-B takes 10-15 min
to be administered as the original MoCA; MoCA-B
score ranges from 0 to 30 and cut-off score to detect MCI
is <24/30 [10]. To perform CDT patients were asked
to draw numbers, hands, and center of a standard clock
within a drawn circumference of 11.7 cm, and to set the
time at 06:05. CDT score was computed and adjusted for
age as proposed by Caffarra et al. ranging from 0 to 13: a
cut-off score < 6.55/13 indicates a pathological score [21].

A combined score (CS) based on the performances on
both tests (MoCA-B and CDT) was derived as follows: a
CS =2 corresponds to a non-pathological (i.e., normal or
borderline) performance on both tests (MoCA-B >24 and
CDT >6.55), a CS=1 indicates a pathological performance
in one of the two tests (MoCA-B <24 or CDT <6.55), and
a CS =0 was attributed when a pathological performance
was obtained on both tests (MoCA-B <24 and CDT < 6.55).

Patients were re-evaluated by a neurologist blinded to
baseline test scores at the follow-up visit which included
a standard neurological examination, the assessment of
functional status and abilities by means of the mRS, ADL
and IADL, and the evaluation of cognitive status by means
of CDR and the repetition of MoCA-B and CDT. The first
follow-up visit was planned 3—4 months after acute stroke;
subsequent follow-up visits were scheduled at different times
according to individual clinical requirements. The presence
of PSCI was evaluated at each follow-up visit, based on the
evaluating neurologist’s best clinical judgment, and was cat-
egorized as MCI or dementia. MCI was defined as follows:
(a) subjective cognitive complaint as reported by patients
or affirmed by an informant; (b) objective cognitive impair-
ment at neurological examination of higher cognitive func-
tions and/or at cognitive tests; (c) essentially preserved basic
activities of daily living and minimal impairment in complex
instrumental functions; and (d) essentially preserved general
cognitive functioning, defined as a CDR score=0.5. Demen-
tia required evidence of (a) objective cognitive impairment
at neurological examination of higher cognitive functions
and/or at cognitive tests; (b) impaired basic and instrumental
activities of daily living due to the cognitive impairment;
and (c) decline of general cognitive functioning (CDR scale
score > 0.5). In case of discrepancy among cognitive com-
plaint (for MCI patients), objective cognitive impairment
and functional abilities, patients underwent an extensive
neuropsychological examination.

The calculation of the follow-up time for each patient was
equal to the interval between acute stroke and the last neuro-
logical follow-up, except in the case of occurrence of demen-
tia in which case the time of diagnosis was considered.
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Verbal informed consent was obtained from all patients
or from legally authorized representatives before the study.

Statistical analysis

Descriptive statistics were used to characterize demographic,
clinical, neuropsychological, and neuroimaging features of
the cohort. A univariate analysis (using Mann—Whitney U
test for continuous variables and Chi-square test for cate-
gorical variables) was performed to assess the differences
between the group of patients who attended the follow-up
visit and those who were lost at follow-up. Among patients
who completed the follow-up visit, we performed a subgroup
analysis on those who did not have pre-stroke dementia. In
this group of patients, we performed a univariate analysis
(Mann—Whitney U test for continuous variables and Chi-
square test for categorical variables) to test the differences
in baseline clinical, neuropsychological, and neuroimaging
variables between those who did and those who did not show
a decline of cognitive status at follow-up. Decline of cogni-
tive status was defined as the transition from the absence of
pre-stroke cognitive impairment to any degree of PSCI (MCI
or dementia), or the transition from pre-stroke MCI to post-
stroke dementia. Person years of follow-up were calculated
by multiplying the number of non-demented patients who
attended the follow-up by the duration (years) of each patient
follow-up. The relative risk of decline of cognitive status in
relation to score at CDT and MoCA-B (each stand-alone
or in combination) was assessed by means of Cox propor-
tional-hazard regression models to estimate hazard ratios
(HRs) with 95% confidence intervals (CIs). Unadjusted and
adjusted models (for variables statistically significant at the
univariate analysis) were carried out. All analyses were per-
formed using SPSS 26 with a level of p <0.05.

Results

Two hundred fifty one patients were recruited during the
study period. For 28 patients (11.2%), no information about
pre-stroke cognitive impairment was available because of
the absence of a caregiver during the stroke unit stay. Based
on the CDR scale, 132 patients (52.6%) had no pre-stroke
cognitive impairment, 59 patients (23.5%) had pre-stroke
MCI, and 32 patients (12.7%) had pre-stroke dementia.

MoCA-B was administered in the acute phase to 189
patients (75.2%), CDT to 170 patients (76.7%). Main reasons
for failure in complete administration of cognitive tests were
in order of frequency: severe aphasia or dominant upper limb
motor deficit, impaired consciousness, patient’s refusal, and
presence of a language barrier. The mean interval (+SD)
between stroke onset and cognitive screening was 4.4 days
(+2.8).

One hundred sixty eight patients (66.9%) attended at least
one follow-up visit. Thirty patients (11.9%) died during hos-
pital stay or before the first follow-up visit, and 19 patients
(7.6%) were lost at follow-up due to admission to nursing
homes after hospitalization. Table 1 shows baseline charac-
teristics of the whole sample and of patients adherent and
non-adherent to follow-up. Patients who attended follow-up
were younger, more educated, less disabled (at baseline and
at discharge), more frequently cognitively unimpaired and
had less severe leukoaraiosis and atrophy scores. MoCA-
B score was higher in patients attending follow-up visits,
while CDT score was not significantly different between
patients adherent and non-adherent to follow-up. We had
information about pre-event cognitive status for 159 (94.6%)
patients who attended the follow-up; 149 (93.7%) of them
were not demented at baseline. During the 149 person-years
of follow-up (minimum follow-up time 0.23, maximum 2.76,
mean 1.07, median 0.92, IQR 0.33-1.67 years), there were
28 (18.9%) incident cases of MCI and 27 (18%) incident
cases of dementia. Of these latter, 6 were normal at baseline
and were diagnosed with MCI at an intermediate follow-up,
5 had already MCI at baseline, remained stable at an inter-
mediate follow-up visit and became demented afterwards.
Table 2 shows demographic, clinical and radiological char-
acteristics of non-demented patients at baseline according to
the cognitive outcome at follow-up. Patients who developed
a cognitive decline at follow-up were older, less educated,
had more comorbidities (assessed by CIRS), a higher score
at NIHSS at admission, more severe cerebral atrophy (meas-
ured with the Pasquier scale), and lower MoCA-B and CDT
scores at baseline.

A normal CDT score at baseline (>6.55) has a negative
predictive value of 0.7 in respect of a diagnosis of cognitive
impairment (MCI or dementia), which means that 7 out of
10 patients who obtained a CDT normal score at baseline did
not develop cognitive impairment at follow-up.

Unadjusted Cox analysis showed that patients with a
pathological score on CDT (< 6.55) at baseline had a sig-
nificantly increased risk of cognitive decline at follow-up in
comparison with those with a CDT >6.55 (HR 3.100; 95%CI
1.704-5.637, p <0.001) (Table 3). This finding was con-
firmed after adjusting for age, education, CIRS total score,
NIHSS at admission, and Pasquier scale score (HR 2.022,
95% 1.025-3.989, p <0.05). Unadjusted and adjusted Cox
analysis did not show an increased risk of cognitive decline
at follow-up in patients with a pathological score of MoCA-
B (<24) ora CS=0 (MoCA-B <24 and CDT < 6.55).

Figure 1 shows the cumulative risk of cognitive decline
according to the CDT baseline score (CDT < 6.55 vs.
CDT >6.55).

The median time between the baseline assessment and
the decline of cognitive status was 22 months in the group
of patients with a pathological score at CDT (CDT < 6.55),
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Table 1 Baseline characteristics of the whole sample and of patients adherent and non-adherent to follow-up

Total sample Adherent to follow-up Non-adherent to p value
follow-up
(n=251) (n=168) (n=83)

Age (years) 76.2+124 74.1+11.9 80.3+12.3 <0.001?
Gender

Female 129 (51.4) 81 (48.2) 48 (57.8) 0.097®

Male 122 (48.6) 87 (51.8) 35(42.2)
Education (years) 8.6+4.2 89+4.1 6.3+5.1 0.009 *
Prestroke mRS score

<2 212 (84.5) 156 (92.9) 56 (67.5) <0.001"

>2 39 (15.5) 12 (7.1) 27 (32.5)
CIRS total score 0.8+0.4 0.7+0.3 0.8+0.4 0.050*
Type of event

Ischemic stroke 230 (91.6) 158 (94.0) 72 (86.7) 0.049 ®

Hemorrhagic stroke 21 (8.4) 10 (6.0) 11 (13.3)
NIHSS score at admission 7.1+72 4.6+4.7 12.4+8.5 <0.001*
Wahlund scale score 8.1+54 74+54 95+5.2 0.002 *
Pasquier scale score 15.1+£8.0 13.4+£7.3 18.5+8.3 <0.001?
Prestroke cognitive impairment based on CDR scale

Not available data 28 (11.2) 9(5.4) 19 (22.9) <0.001°

Cognitively unimpaired (CDR =0) 132 (52.6) 102 (60.7) 30 (36.1)

Mild cognitive impairment (CDR=0.5) 59 (23.1) 47 (28.0) 12 (14.5)

Dementia (CDR > 1) 32 (12.7) 10 (5.9) 22 (26.5)
Baseline MoCA-B score 20.5+6.1 21.1+5.6 17.4+7.5 0.012%
Baseline CDT score 8.4+3.6 8.7+3.3 7.1+4.4 0.109 #
mRS score at discharge

<2 147 (58.6) 128 (76.2) 19 (22.9) <0.001°

>2 104 (41.4) 40 (23.8) 64 (77.1)

Data are expressed as mean + SD or number of observations (% of total observation)

CDR Clinical Dementia Rating Scale, CDT clock-drawing test, CIRS Cumulative Illness Rating Scale, MoCA-B Montreal Cognitive Assessment-
Basic, mRS modified Rankin scale, NIHSS National Institutes of Health Stroke Scale

“Mann-Whitney’s U test
Pearson’s Chi-square test

30 months for patients with a non-pathological score at
on CDT (CDT > 6.55); thus, a pathological score at CDT
at baseline accelerates time of cognitive decline by about
8 months.

Discussion

Findings from this study confirm that cognitive impairment
affects a consistent number of patients suffering an acute
cerebrovascular event. Bedside cognitive assessment in a
patient with an acute neurological condition is cumbersome
unless simple and reliable diagnostic tools are used. In this
prospective hospital-based study, the presence of a patho-
logical score on CDT in the acute phase of stroke doubles
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the risk of cognitive decline at follow-up in non-demented
patients within 1 year.

Our findings are in agreement with those of Champod
et al. [9] who found that the CDT administered in the acute
phase of stroke was significantly associated with cognitive
decline one-year post-stroke. Several different CDT scor-
ing methods have been validated, but there is no consensus
about which is the most accurate [22]. Two different scoring
systems of CDT [11, 23] were used by Champod et al., but
the more comprehensive system revealed a better predictive
ability for a wider range of outcomes (ie, the Global Dete-
rioration Scale, mRS, Barthel Index, and Reintegration to
Normal Living index). Differently from the study of Cham-
pod et al., our study reports findings from clinical practice
in which cognitive decline was defined based on best clinical
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Table 2 Characteristics of pre-
stroke non-demented patients
(n=149) by cognitive decline at
follow-up

Cognitively stable at ~ Cognitively declined at p value

FU (n=94) FU (n=55)

Age (years) 70.5+12.6 78.4+8.5 <0.001?

Gender
Female 53 32 0.086 "
Male 41 23

Education (years) 10.2+3.9 7.1+33 <0.001?

Prestroke mRS score
<2 92 (97.9) 52 (94.6) 0.277°
>2 2(2.1) 3(5.4)

CIRS total score 0.6+0.3 0.8+0.3 0.008 *

Type of event
Ischemic stroke 90 (95.7) 51(92.7) 0.430°
Hemorrhagic stroke 4(4.3) 4(7.3)

Location of lesions
Dominant hemisphere 60 (63.8) 30 (54.5) 0.338°
Non-dominant hemisphere 27 (28.7) 21 (38.2)

Bilateral 7(7.4) 3(5.5)

Territory of ischemic stroke lesions
Anterior circulation 58 (65.2) 34 (68.0) 0.742°
Posterior circulation 29 (32.6) 14 (28.0)

Both anterior and posterior circulation 2122 2(2.2)

NIHSS score at admission 3.7+4.2 6.0+5.2 0.001?

‘Wahlund scale score 6.4+52 8.1+53 0.057 %

Pasquier scale score 11.7£6.9 14.6+£7.0 0.011%

Baseline MoCA-B score 229+4.8 18.3+5.7 <0.001?
n.a 2(2) 4(7) <0.001°
<24 44 (47) 40 (73)
>24 48 (51) 11 (20)

Baseline CDT score 9.9+2.7 72+3.2 <0.001?
n.a 10 (10) 10 (18) <0.001°
<6.55 13 (14) 25 (46)
>6.55 71 (76) 20 (36)

CS
>1 n.a. score 10 (10) 10 (18) <0.001"
CS=0 (MoCA-B <24 and CDT <6.55) 11 (12) 23 (42)

CS=1 (MoCA-B <24 or CDT<6.55) 39 (42) 16 (29)
CS=2 (MoCA-B >24 and CDT >6.55) 34 (36) 6(11)

mRS score at discharge
<2 79 (84.0) 39 (70.9) 0.057°
>2 15 (16.0) 16 (29.1)

Data are expressed as mean + SD or number of observations (% of total observation)

CDT clock-drawing test, CIRS Cumulative Illness Rating Scale, CS Combined Score, ES Equivalent Score,
MoCA-B Montreal Cognitive Assessment-Basic, mRS modified Rankin scale, n.a. not available, NIHSS
National Institutes of Health Stroke Scale

“Mann—Whitney’s U test

PPearson’s Chi-square test

judgment and follow-up were scheduled depending on the  our study, MoCA-B alone was not able to predict cognitive

clinical needs of each patient.

decline at follow-up and the combined use of CDT with

The authors suggested comparing the predictive ability =~ MoCA-B did not provide a better predictability of cognitive
of the CDT to other screening measures in future studies. In ~ decline in the follow-up, despite MoCA-B investigates other
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Table 3 Risk of cognitive
decline according to cognitive
screening at baseline

Cognitive screening at baseline

Cognitive decline at follow-up

Unadjusted model
(HR, 95% CI)

Adjusted model
(HR, 95% CI)

CDT stand-alone

CDT >6.55 1 1

CDT<6.55 3.100 (1.704-5.637) * 2.022 (1.025-3.989) *
MoCA-B stand-alone

MoCA-B >24 1 1

MoCA-B <24 1.937 (0.939-3.995) 0.687 (0.293-1.610)
CS

CS=2 (MoCA-B >24 and CDT >6.55) 1 1

CS=1 (MoCA-B <24 or CDT <6.55)
CS=0 (MoCA-B <24 and CDT <6.55)

4.188 (1.690-10.380) *
1.732 (0.676-4.437)

1.988 (0.646-6.119)
1.063 (0.364-3.103)

Model 1: unadjusted; Model 2: adjusted for age, education, CIRS total score, NIHSS at admission, Pas-

quier scale score

CDT clock-drawing test, MoCA-B Montreal Cognitive Assessment-Basic, CS Combined score

*Significant with p <0.05
#Significant with p <0.001

Fig. 1 Cumulative risk curves

-- 7 ,CDT<6.55
—1 CDT = 6.55

of the effects of CDT baseline 1.0
score (< 6.55 vs.>6.55) on
cognitive decline. The figure s
is based on the adjusted model § 0,8
(for age, education, CIRS total o
score, NIHSS at admission, o
and Pasquier scale score) and =4
. C 05
reports data from patients reach- "
ing the end-point O
o
X
2 04|
o
=
kS
g 0,2/
3
O
0,0

frequently impaired cognitive domains after stroke, such as
attention, language, orientation, calculations, conceptual
thinking, verbal memory, and concentration.

Several studies have investigated the utility of the MoCA
[11] during the acute phase of stroke to predict cognitive
outcome [24-28]. However, in the acute setting of stroke
units, it is often difficult to assess patients due to a lack
of time and resources; a very brief cognitive screening test
such as CDT can be performed at bedside during a neuro-
logical examination in less than 5 min (unlike the MoCA
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20 30 40

Time of follow-up (months)

which requires at least 10 min). Furthermore, CDT could be
performed also with the non-dominant hand since its scor-
ing is not influenced by an imperfect graphic, thus allowing
patients with a plegic-dominant hand to complete the test.
The ability to identify patients at risk to develop cogni-
tive dysfunction after stroke is important to set up cognitive
rehabilitation in addition to physical rehabilitation, to predict
future compliance to therapies, and to better advice caregiv-
ers about foreseen independence of patients after discharge.
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Our study is not able to state whether the CDT is a
screening tool that could be used also in other patient
populations, for example those at high risk of dementia,
or whether it is particularly suited for the stroke patient
population. In this latter group, it has the advantage of the
easiness of administration and, based on our results, of a
good predictivity of cognitive outcome.

Our study has limitations. The diagnosis of pre-stroke
cognitive impairment was based on the CDR score which
was attributed on a history basis and mainly depended on
the reliability of the caregiver’s interview. Furthermore,
in only a subgroup of patients, the diagnosis of cogni-
tive decline after stroke was formulated after an exhaus-
tive neuropsychological evaluation; in the other cases, the
diagnosis was based on the neurologist’s best clinical judg-
ment; it should be outlined, however, that resources for the
thorough evaluation of cognitive functions of each stroke
patients are not available in many stroke centers. A third
limitation is the loss of patients seen at follow-up and the
selection that therefore might have occurred. This could
have limited the power to show associations between the
baseline cognitive tests and cognitive decline in multivari-
ate analyses, also because patients lost at follow-up were
overall more diseased than those evaluated and, therefore,
more likely to develop cognitive decline. Finally, it should
be noted that normative data for MoCA-B on the Italian
population are not available, and this may have led to
underestimating the predictivity of this test.

Future studies could compare the predictive abilities of
CDT to MoCA subtests to advise clinicians about the best
5-Minute Neuropsychological Protocol [29] to assess an
early cognitive impairment in stroke units.

Conclusion

Our study provides clinically relevant information for
health care professionals working with stroke patients.
Clinicians should be aware of the importance of a patho-
logical performance at CDT in the acute phase of stroke
as a predictor of cognitive decline at follow-up and con-
sider the opportunity of administering a very brief cogni-
tive screening at bedside of stroke patients to better plan
rehabilitation program and expect longer-term post-stroke
outcomes.
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