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S

Objectives: Although stroke associated with small vessel disease (SSVD) can induce both motor and
cognitive impairment, the latter has received less attention. We aimed to evaluate the frequency of the
varying severity levels of cognitive impairment, the determinants of severe cognitive impairment, and the
association of cognitive impairment with functional outcome after SSVD.
Methods: Consecutive patients admitted to hospital because of SSVD were assessed at 3 months after
stroke. We performed a semi-structured clinical interview to screen for cognitive symptoms. Severity of
cognitive symptoms was graded according to the Clinical Dementia Rating Scale (CDR). Performance on
psychometric tests (Mini-Mental State Examination, Alzheimer’s Disease Assessment Scale (cognition
subscale), Mattis Dementia Rating Scale (initiation/perseverence subscale; MDRS I/P)) of patients of
different CDR gradings was compared with that of 42 healthy controls. Basic demographic data, vascular
risk factors, stroke severity (National Institute of Health Stroke Scale; NIHSS), pre-stroke cognitive decline
(Informant Questionnaire on Cognitive Decline in the Elderly; IQCODE), functional outcome (Barthel index;
BI), Instrumental Activities Of Daily Living; IADL), and neuroimaging features (site of recent small infarcts,
number of silent small infarcts, white matter changes) were also compared among the groups. Regression
analyses were performed to find predictors of severe cognitive impairment and poor functional outcome.
Results: Among the 75 included patients, 39 (52%) complained of cognitive symptoms. The number of
patients in each CDR grading was as follows: 39 (52%) had a CDR of 0, 26 (34.7%) had a CDR of 0.5, 10
(13.3%) had a CDR of >1. Pre-stroke IQCODE and previous stroke predicted CDR>1. The NIHSS was
associated with more impaired BI. The NIHSS and MDRS I/P contributed most to impaired IADL.
Conclusions: Half of the patients with SSVD complained of varying severity of cognitive problems
3 months after stroke. Pre-stroke cognitive decline and previous stroke predict severe cognitive impairment
post stroke. Stroke severity and executive dysfunction contribute most to a poor functional outcome.

mall, deep infarcts, also known as lacunar infarcts,
and subcortical white matter changes (WMC) are
manifestations of underlying cerebral small vessel
disease.1 2 Apart from sensorimotor disturbance, these
ischaemic lesions commonly induce cognitive impairment
due to disruption of the frontal–subcortical or medial
temporal limbic circuits.3–5 The pattern of cognitive impairment commonly involves executive dysfunction, memory
loss, or aphasia.1 6 7 The progression of the cognitive
impairment can be insidious, stepwise, or both.8–10
Eventually, cognitive impairment in small vessel disease
may progress from mild to severe cognitive impairment.8
Subcortical vascular dementia is the current terminology
for severe cognitive impairment associated with small
vessel disease.1 Given its strong vascular component, it is
believed to be more preventable than dementia of the
Alzheimer’s type.11
Stroke is a common presentation of small vessel disease.
Most studies on stroke associated with small vessel
disease (SSVD) focus on motor impairment and mortality.12–15 Few studies have investigated the frequency of
differering severity levels of cognitive impairment.
Furthermore, the influence of cognitive impairment on
the functional outcome after SSVD has rarely been
studied. The objectives of this study were to evaluate:
(a) the frequency and features of the varying severity
levels of cognitive impairment, (b) the determinants for
severe cognitive impairment, and (c) the association
between cognitive impairment and functional outcome after
SSVD.
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METHODS
We evaluated consecutive patients with or without previous
stroke who were admitted to the acute stroke unit of the
Prince of Wales Hospital because of stroke or transient
ischaemic attack (TIA) from January to June 2002 (n = 294).
Brain computed tomography (CT) was performed on all
patients within 24 hours of admission. Patients with intracerebral haemorrhage were excluded (n = 37). T1 and T2
weighted magnetic resonance imaging (MRI) (1.5T scanner,
Sonata; Siemens Medical System, Erlangen, Germany) and
magnetic resonance angiography (MRA) were performed on
234 patients within 3 months of their stroke. A small infarct
was defined as a well circumscribed lesion giving a
hyperintense (T2 weighted) or hypointense (T1 weighted)
signal on MRI, or a hypodense signal on CT, 0.2–2 cm size in
all dimensions, located in the subcortical white and gray
matter, cerebellar white matter, and brain stem. Small
infarcts that could account for the present neurological
deficits were considered to be relevant. WMC was defined on
MRI as ill defined hyperintense areas >5 mm on T2 weighted
................................................................
Abbreviations: BI, Barthel Index; CDR, Clinical Dementia Rating Scale;
CT, computed tomography; IADL, Instrumental Activities Of Daily Living;
IQCODE, Informant Questionnaire on Cognitive Decline in the Elderly;
MDRS I/P, Mattis Dementia Rating Scale (initiation/perseverence
subscale); MRA, magnetic resonance angiography; MRI, magnetic
resonance imaging; NIHSS, National Institute of Health Stroke Scale;
SSVD, stroke associated with small vessel disease; TCD, transcranial
Doppler; TIA, transient ischaemic attack; WMC, white matter changes
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imaging, and on CT as ill defined and moderately hypodense
areas of >5 mm. Transcranial Doppler (TCD) ultrasound
(EME TC-2000) was performed to screen for intracranial
large artery stenosis among patients with CT showing
relevant small infarct but upon whom MRA could not be
performed. Carotid duplex ultrasound (Philip SD800 ultrasound machine, 7.5 MHz transducer) was also performed
upon all patients with relevant small infarct to screen for
extracranial carotid artery stenosis.
Patients with SSVD were potentially eligible for the study.
We defined SSVD as patients having relevant small infarct
with or without WMC. We excluded patients with relevant
small infarcts that were associated with relevant intracranial
large artery disease, extracranial carotid artery stenosis,
cardiac embolic sources, and other miscellaneous causes.
Intracranial large artery disease was considered to be relevant
if the stenosis was at least moderate (>50%) in severity and
if the infarct was located within its arterial supply. The
methods of defining moderate stenosis via MRA and TCD
have been described previously.16 17 Extracranial carotid
artery stenosis was considered to be relevant if the stenosis
was >50% and the infarct was located within its arterial
distribution. Patients were presumed to have cardiac embolic
sources if they had concurrent presence or past history of
atrial fibrillation (AF), sick sinus syndrome, metallic heart
valves, acute congestive failure, recent ((6 weeks before
stroke) myocardial infarction, atrial myxoma, or patent
foramen ovale. Electrocardiography was performed on all
patients. Transthoracic or transoesophageal echocardiography was not required to confirm the source of emboli.
Patients were considered to have miscellaneous causes if they
had the following diseases: inflammatory disorders (for
example, systemic lupus erythematosus), carotid or vertebral
artery dissection as suggested by history and vascular
neuroimaging, recreational drug misuse (for example,
cocaine), or haematological disorders (for example, thrombocytosis). We particularly screened for these conditions
during the follow up at 3 months by the same neurologist
(VCTM) via clinical history, laboratory investigations, and
medical case notes.
Other exclusion criteria were: (a) cortical or large
subcortical (.2 cm) infarcts; (b) intracerebral haemorrhage;
(c) clinical signs that could not be explained by the small
infarct; (d) normal imaging; (e) non-ischaemic lesions, for
example, tumour or demyelination; (f) presence of relevant
small infarcts but with unknown vascular aetiology because
of absence of MRA, transcranial sonographic temporal
window, or default imaging appointment; (g) known preexisting dementing illnesses that were not due to Alzheimer’s
disease or vascular dementia, for example, chronic alcoholism; (h) major depression according to the Diagnostic and
Statistical Manual of Mental Disorders, 4th edition;18 and (i)
communication problems hindering participation in cognitive
assessment, such as a language barrier, or severe visual or
hearing loss. Patients with post-stroke aphasia were not
excluded from our study. A qualified psychiatrist (W K Tang)
excluded major depression 3 months after stroke.
Among all included patients, sites of the relevant small
infarct were classified into cerebral white matter (corona
radiata and centrum semi ovale), striatocapsule, thalamus,
cerebellum, and brainstem, based on neuroimaging
findings with reference to the clinical presentation. The
total number of silent small infarcts and severity of WMC
were also recorded. Severity of WMC was graded according
to the method reported by Wahlund et al.19 Briefly, WMC
was graded in five different brain regions, frontal, parietooccipital, temporal, basal ganglia, and infratentorial,
based on T2 weighted MRI or CT. The score for each
region varied from 0 (no lesions) to 3 (diffuse involvement).
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The total score was the sum of the grade given for each
region. The same neurologist (YHF) graded the WMC,
and another radiologist (WWML) provided other details of
the neuroimaging while blinded to the patients’ cognitive
status.

Cognitive assessment
The same neurologist (VCTM) performed a semi-structured
clinical interview on all patients to assess post-stroke
cognition at 3 months after the stroke. During the semistructured clinical interview, both the patients and close
informants were asked separately whether the patients noted
any cognitive symptoms after the index stroke. Following this
open ended question, specific questions were asked to screen
for the presence of the following cognitive symptoms:
memory loss, slow thinking (delay in decision making or
answering questions), disorientation (in time, place, or
person), aphasia (word finding difficulties, lack of fluency
in speech, or difficulties in comprehension), and disinhibition (impulsive or inappropriate behaviour). Any types of
cognitive symptoms that still remained in the week before
the interview were considered to be relevant. Cognitive
symptoms that increased following the stroke were also
noted. The interference of the cognitive symptoms on
patients’ various aspects of daily function was then graded
according to the CDR20 21 during the same interview. The CDR
evaluated patient’s performance in six categories of cognitive
functioning: memory, orientation, judgement and problem
solving, community affairs, home and hobbies, and personal
care. The CDR scoring system was based on Morris.21 There
are five grades in the CDR: 0, 0.5, 1, 2, and 3; the higher the
grade, the greater the cognitive impairment. In grading
impairment in each of the categories, care was taken to grade
only those impairments that were attributed to cognitive
symptoms, not to motor or mood disturbances. Apart from
the semi-structured clinical interview, the following psychometric tests were also administered to all patients: Chinese
versions of the Mini-Mental State Examination (MMSE),22
Alzheimer’s Disease Assessment Scale (cognition; ADAScog),23 and the Mattis Dementia Rating Scale (initiation/
perseverance subscale; MDRS I/P).24 The MMSE served as a
brief global cognitive measure. The ADAS-cog is a more
extensive measure than MMSE. It evaluates memory,
orientation, language, construction, and ideational apraxia.
The MDRS I/P has been used in other studies as a brief
evaluation of executive dysfunction.5 25 The same research
assistant (AW) administered the psychometric tests on all
patients while blinded to the patients’ CDR grading. The
control group for the performance of psychometric tests
comprised 42 healthy elderly people who were recruited from
the following sources: community elderly centre (n = 31),
relatives of hospital staff (n = 6), and spouses of patients
(n = 3), and hospital staff (n = 2). The criteria for controls
were absence of neurological or psychiatric diseases, or any
cognitive symptoms, independence in daily functioning, and
a CDR of 0. Again, the Chinese versions of the MMSE, ADAScog, MDRS I/P, BI, and IADL were administered. All controls
and patients gave their informed consent to participate in this
study.
Pre-stroke cognitive decline was assessed via the Chinese
version of the Informant Questionnaire on Cognitive Decline
in the Elderly (IQCODE)26 to the patients’ closest available
relatives within 2 weeks after the onset of the index stroke.
The IQCODE contains 26 items that rate changes in memory
and other cognitive abilities that have occurred in the
previous 10 years. The informants were asked by a same
research assistant to rate the changes on a 5 point scale
ranging from ‘‘much better’’ to ‘‘much worse’’.
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Clinical profile and functional outcome
Data on age, gender, years of education, and vascular risk
factors including hypertension (HT), diabetes mellitus (DM),
heart diseases (coronary artery disease, heart failure, or atrial
fibrillation), previous stroke or TIA, smoking, alcohol intake,
and fasting lipids level were collected during the acute
admission. Hypercholesterolaemia was defined as total
cholesterol of .6.2 mmol/L or low-density lipoprotein of
.4.1 mmol/L. We performed the National Institute of Health
Stroke Scale (NIHSS) during the first few days after stroke to
measure patients’ worst stroke severity. It mainly evaluates
motor impairment (weakness, ataxia), sensory loss, visual
field defects, and cortical deficits (aphasia, neglect). We
determined the functional outcome of the patients at
3 months after stroke using the Barthel (BI) Index and
Lawton IADL.27 Two research nurses who were blinded to
patients’ CDR grading and NIHSS score administered the
scales. The BI and IADL evaluate basic and complex ADL
respectively. The total score for BI is 20, with a higher score
representing better function. The score for each item of the
IADL ranges from 0 to 3, with a lower score representing
better function. As some items in the IADL were not scored
because these items were not applicable to all patients owing
to personal habits or motor impairment, we took the average
of all scored items as the final IADL score.
Statistical analysis
Student’s t test and x2 test were used for comparing
continuous and dichotomous variables respectively between
patients and controls. Analysis of covariance, using age and
education as covariates, was used to compare psychometric
scores of controls and patients. To assess the frequency of the
varying severity of cognitive impairment, we divided the
patients into three groups based on CDR: 0, 0.5, and >1. We
grouped those with CDRs of 1, 2, and 3 into one group for
statistical analysis as there were only few patients who had
CDR >1. Analysis of variance was used to compare all
continuous variables of controls and the three cognitive
groups. Post hoc tests with Bonferroni adjustment were
performed with each analysis of variance. Because the neuroimaging scores were not normally distributed, MannWhitney U tests with Bonferroni correction were used for
comparisons between the three cognitive groups. Variables
that were significantly different (p,0.05) between patients
with CDR >1 and (0.5 in the binomial univariate analysis
were entered into a forward stepwise multivariate binomial
regression analysis to find independent predictors of CDR >1.
We also performed two univariate linear regression analyses
to find the variables that accounted for the variance in BI and
IADL respectively. Variables that were identified as significant in the univariate analysis (p, 0.05) were entered into
the forward stepwise multivariate linear regression analyses
to examine their independent contributions to the variance of
both BI and IADL.

RESULTS
Among the 294 admitted patients, 106 had relevant small
infarcts. Among these 106 patients, 20 were excluded because
of underlying relevant intracranial large artery disease
(n = 14) and unknown vascular aetiology (n = 6). Two of
the 14 patients with intracranial large artery disease also had
concurrent relevant extracranial carotid artery disease. No
relevant small infarcts were related to cardioembolism, lone
relevant extracranial carotid disease, or other miscellaneous
causes in our present cohort. Among the 86 patients with
SSVD, 11 more patients were excluded from further cognitive
assessment because of severe depression (n = 3), death
(n = 1), default follow up (n = 4), chronic alcoholism
(n = 1), and language barrier (n = 2). Seventy five patients
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with SSVD (25.5%) underwent cognitive assessment and
were included in the final analysis. Comparison of the 75
included patients with the 17 excluded patients with relevant
small infarcts but who had unknown vascular aetiology
(n = 6) or who did not undergo cognitive assessment
(n = 11) showed that the excluded patients were older
(77 years) and had more severe stroke (NIHSS = 9.1) than
those who were included in the study (70.7 years old,
p = 0.006; NIHSS = 4.3, p = 0.025). Comparisons of controls
and included patients showed no difference in terms of basic
demographic data. The performance on MMSE, ADAS-cog,
and MDRS I/P of the patients was significantly worse than
that of controls after adjustment for age and education
(table 1).
Among the 75 patients, 39 (52%) complained of cognitive
symptoms post-stroke. These cognitive symptoms represented either new onset or further increase in pre-stroke
cognitive symptoms among 32 (82.1%) of these 39 patients.
The majority of the patients (n = 36; 92.3%) complained of
memory problems. Slow thinking, disorientation, and aphasia occurred in 29 (74.4%), 7 (17.9%), and 7 (17.9%) patients
respectively. Disinhibition was noted only in one patient
(2.6%). No patients complained of other cognitive symptoms,
such as neglect or apraxia, in response to the open ended
question. Twenty nine patients (74.4%) had more than one
type of cognitive symptoms. Seven patients (17.9%) had
isolated memory complaints. Three patients (7.7%) complained of slow thinking without associated memory
complaints or other cognitive symptoms. No patients had
isolated aphasia or disorientation. Among patients with
SSVD, the number of patients in each CDR grading was as
follows: 39 (52%) had CDR of 0, 26 (34.7%) had CDR of 0.5, 8
(10.7%) had CDR of 1, 1 (1.3%) had CDR of 2, and 1 (1.3%)
had CDR of 3. The three patients who complained of isolated
slow thinking were classified as CDR of 0 according to the
rating algorithm.21
Comparison of patients with varying CDR grading revealed
that patients with CDR>1 had significantly more impaired
IADL, pre-stroke IQCODE, and performance on psychometric
tests than those with CDR,1, even though the groups had
similar basic demographic data, clinical features, sites of
recent infarcts, number of silent infarcts, and BI (table 2).
Although patients with CDR>1 also had more WMC and
previous stroke than patients with CDR ,1, these differences
did not reach statistical significance. Patients with CDR of 0.5
had significantly more impaired pre-stroke IQCODE than
those with CDR of 0. Patients with CDR of 0 performed
significantly worse on MDRS I/P and ADAS-cog than did
controls even though they had similar basic demographic
features.
Univariate regression analysis showed that pre-stroke
IQCODE, NIHSS, previous stroke, and WMC were associated

Table 1 Comparison of controls and patients
with SSVD

Gender (% F)
Age
Education
BI
IADL
MMSE
MDRS I/P
ADAS-cog

Controls
(n = 42)

Patients
(n = 75)

p

58.5
69.6 (9.9)
5.4 (4.6)
20 (0)
0.1 (0.2)
27.7 (2.1)
34.1 (3.0)
9.5 (3.4)

48
71.0
4.8
18.3
0.9
24.8
28.5
16.5

0.549
0.095
0.086
,0.001
,0.001
,0.001
,0.001
,0.001

(11.2)
(4.1)
(3.5)
(0.8)
(4.5)
(6.4)
(9.3)

x2 = 0.49.
F, female.
Figures are mean (SD) except for gender.

J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp.2003.015107 on 16 March 2004. Downloaded from http://jnnp.bmj.com/ on January 27, 2021 by guest. Protected by copyright.

562

Table 2
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Comparison of controls and patients of varying CDR grading

Variables

Controls

CDR = 0

CDR = 0.5

CDR>1

n
Age
Gender, n (% F)
Years of education
NIHSS
HT
DM
Previous stroke
Hyperlipidaemia
Heart diseases
History of smoking
History of drinking
BI
IADL
Sites of recent infarcts
Striatocapsule
Cerebral white matter
Thalamus
Cerebellum
Brainstem
No. of silent infarcts*
WMC*
Pre-stroke IQCODE
MMSE
MDRS I/P
ADAS-cog

42
69.6 (9.9)
24 (58.5%)
5.4 (4.6)
NA
NA
NA
NA
NA
NA
NA
NA
20.0 (0.0)
0.1 (0.2)`1

39 (52%)
69.4 (12.8)
20 (51.3%)
4.1 (3.7)
4.1 (2.7)
32 (82.1%)
18 (46.2%)
8 (21.6%)
11 (28.2%)
5 (12.8%)
13 (33.3%)
11 (28.2%)
18.5 (3.4)
0.7 (0.7)

26 (34.7%)
70.2 (8.8)
12 (46.2%)
5.8 (4.4)
5.8 (4.4)
23 (88.5%)
6 (23.1%)
4 (15.4%)
9 (34.6%)
4 (15.4%)
13 (50.0%)
9 (34.6%)
18.5 (3.8)
0.8 (0.7)

10 (13.3%)
77.1 (8.7)
4 (40.0%)
5.5 (4.8)
5.5 (4.8)
9 (90.9%)
4 (40.0%)
5 (50.0%)
3 (30.0%)
1 (10.0%)
3 (30.0%)
1 (10.0%)
16.6 (3.0)
1.6 (1.0)`1

NA
NA
NA
NA
NA
NA
NA
NA
27.7 (2.1)1
34.1 (3.0)`1
9.5 (3.4)`1

9 (23.1%)
5 (12.8%)
10 (25.6%)
0 (0.0%)
15 (38.5%)
0.5 (2.0)
5.5 (8.5)
3.1 (0.2)1
26.2 (3.4)
30.0 (5.2)
14.4 (6.9)

4 (15.4%)
8 (30.8%)
7 (26.9%)
1 (3.8%)
6 (23.1%)
0.0 (2.0)
4.0 (3.0)
3.3 (0.3)`
24.9 (3.8)
29.0 (5.4)
16.0 (6.7)

2 (20.0%)
4 (40.0%)
1 (10.0%)
0 (0.0%)
3 (30.0%)
2.0 (2.3)
13.0 (14.8)
3.7 (0.4)`1
19.6 (6.3)`1
21.3 (8.3)`1
26.9 (16.6)`1

Values are mean (SD) or number (%).
*Values are median (interquartile range); differs significantly from controls, p,0.05; `differs significantly from
CDR = 0, p,0.05; 1differs significantly from CDR = 0.5, p,0.05; differs significantly from CDR>1, p,0.05.
NA, not applicable, F, female.

with CDR>1(table 3). Multivariate regression analysis only
showed that pre-stroke IQCODE (odds ratio (OR) = 95.52,
95% confidence interval (CI) = 7.37 to 1248.42, p,0.001) and
previous stroke (OR = 11.35, 95% CI = 1.62 to 79.73,
p = 0.015) significantly predicted CDR>1 (table 3).
Univariate regression analysis revealed that NIHSS,
performance on MDRS I/P, and ADAS-cog were associated
with BI. Multivariate regression analysis revealed that
only NIHSS (R2 = 0.096, p = 0.011) contributed significantly to the variance of BI (table 4). Univariate
analysis revealed that age, education, NIHSS, pre-stroke
IQCODE, WMC, and performance on all the three psychometric tests were associated with IADL. Multivariate regression analysis revealed that NIHSS (R2 = 0.327, p,0.001),
performance on MDRS I/P (R2 = 0.139, p,0.001), age
(R2 = 0.052, p = 0.011), and pre-stroke IQCODE (R2 = 0.034,
p = 0.034) contributed significantly to the variance of IADL
(table 4).

in our study probably represent patients with a homogeneous
aetiology, namely small vessel disease.
In the present study, we attempted to describe cognitive
impairment among patients with SSVD from three different
perspectives: (a) cognitive symptoms as noted by the patients
or their close informants, (b) varying severity of the cognitive
symptoms as graded by the CDR, and (c) performance in
various psychometric tests.

Cognitive symptoms
Cognitive symptoms were noted by more than half (52%) of
the patients 3 months after SSVD. Majority of the patients
(82.1%) claimed that there was a clear temporal relation
between the cognitive symptoms and the index stroke. This is
consistent with most studies showing that small infarcts

Table 3 Determinants for CDR>1
95% CI

DISCUSSION
In this hospital based study, half of the patients with SSVD
had varying severity of cognitive symptoms 3 months after
SSVD. Pre-stroke cognitive decline and previous stroke
predicted severe cognitive impairment. Stroke severity was
associated with impaired basic ADL. Stroke severity and
performance on MDRS I/P contributed most to an impaired
complex ADL 3 months after SSVD.
Although small vessel disease is the most common cause
for small infarct, other vascular aetiologies are also recognised as causing small infarct.28 29 In order to include patients
with SSVD, we had rigorously screened out other relevant
vascular aetiologies. In particular, we had looked for relevant
intracranial large artery disease, which is not uncommonly
associated with small infarct in our ethnic group.16 Indeed, 14
patients (13.2%) with relevant small infarct were found to
have relevant intracranial large artery disease and were thus
excluded. As patients who had relevant small infarcts with
unknown vascular aetiology were also excluded, the subjects

Statistical analysis

p

OR*

Univariate binomial regression
Age
NS
1.08
Gender
NS
0.69
Years of education
NS
1.04
Pre-stroke IQCODE
,0.01 41.59
NIHSS
0.05
1.29
HT
NS
1.64
DM
NS
1.14
Previous stroke
0.04
4.25
Hyperlipidemia
NS
0.96
Heart diseases
NS
0.69
History of smoking
NS
0.64
History of alcohol drinking
NS
0.25
Total no. silent infarcts
NS
1.30
WMC
0.01
1.26
Stepwise multivariate binomial regression
Pre stroke IQCODE
,0.001 95.52
Previous stroke
0.015 11.35

Lower

Upper

1.00
0.18
0.89
4.82
1.00
0.19
0.29
1.06
0.23
0.08
0.15
0.03
0.82
1.07

1.17
2.67
1.22
358.57
1.66
14.38
4.45
17.06
4.12
6.13
2.72
2.11
2.05
1.48

7.37
1.62

1238.42
79.73

NS, not significant.
*Adjusted OR for stepwise multivariate binomial regression.
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Table 4 Association of clinical, cognitive, and
radiological features with functional outcome
BI
Statistical analysis

2

R

IADL
p (F change) R2

Univariate linear regression
Age
0.003 NS
Education
0.004 NS
NIHSS
0.084 0.015
Pre-stroke IQCODE 0.04
NS
MMSE
0.036 NS
MDRS I/P
0.098 0.009
ADAS-cog
0.072 0.026
Previous stroke
0.013 NS
Heart disease
0.005 NS
No. of silent infarcts 0.005 NS
WMC
0.007 NS
Stepwise multivariate linear regression
NIHSS
0.096 0.011
MDRS I/P
NA
NA
Age
NA
NA
Pre-stroke IQCODE NA
NA
Total variance
explained

9.60%

p (F change)

0.265
0.142
0.278
0.236
0.278
0.285
0.244
0.001
,0.001
0.035
0.177

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
NS
NS
NS
,0.001

0.327
0.139
0.052
0.034

,0.001
,0.001
0.011
0.034

55.20%

NS, not significant

located in various subcortical or infratentorial regions are
capable of causing cognitive impairment as well as sensorimotor deficits.3 6 7 30–33 As many of these patients already had
varying degrees of pre-stroke cognitive decline, as suggested
by their impaired pre-stroke IQCODE (table 2), the recent
small infarct probably induced only a further stepwise
deterioration of pre-existing cognitive impairment, rather
than inducing a new onset cognitive impairment. The
magnitude of cognitive deterioration that was associated
with the recent small infarct was not ascertained in this
study. Small case series suggest that the magnitude of
cognitive deterioration may vary from subtle30 to severe.3
Our attempt to classify the types of cognitive impairment
based on subjective symptoms was only exploratory. Patient
complaint of memory loss may in fact be due to slow thinking
or word finding difficulty; the reverse may also be true.
Therefore, further study is needed to investigate the type of
cognitive impairment by psychometric tests that evaluate
specific cognitive domains.
CDR grading and performance of psychometric tests
To assess the frequency of the varying severity of cognitive
impairment, we arbitrarily divided our patients into three 3
groups based on the CDR grading. To date, there is no
standardised method to define the varying severity of
cognitive impairment associated with cerebrovascular disease.34 We did not use cutoff scores of psychometric tests to
grade cognitive impairment because controversy still exists in
the selection of such tests. Furthermore, valid cutoff scores
for defining different severity of cognitive impairment have
not been determined in our ethnic group for this disease
entity. We had chosen CDR simply because of its ease of
administration and because other recent studies had also
applied CDR in grading cognitive impairment associated with
small vessel disease.25 35 As CDR was originally designed for
grading dementia of the Alzheimer’s type,20 21 memory bears
greater weight in the rating algorithm. Thus, it may not
reflect the true impact of non-memory cognitive symptoms
that are associated with SSVD. In fact, the three patients with
isolated slow thinking were graded as CDR of 0 according to
the rating algorithm. Therefore, caution should be taken in
interpreting the grading of the patients. However, given this
limitation, we found that the performance in various
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psychometric tests of our patients correlated roughly with
the severity of CDR grading (table 2). This correlation lends
support to the validity of this functional based rating scale in
estimating the severity of cognitive impairment in patients
with SSVD. Minor modification by including symptoms of
executive dysfunction such as slow thinking as a primary
category may improve the sensitivity and accuracy of CDR in
grading cognitive impairment in SSVD.
The frequency of CDR >1 or those with greater cognitive
impairment was 13.3%. A few hospital based studies
demonstrate that the frequency of dementia after SSVD
ranges from 5% to 27% at 1 month to 3 years after SSVD36–40
(table 5). Our frequency of 13.3% fell within this range. The
differences between the studies are probably caused by
differences in the study population, method of defining
dementia or severe cognitive impairment, and follow up time
(table 5). The frequency of severe cognitive impairment in
SSVD is less than that in large arterial stroke (20%–32%).36 40
We must emphasise that patients with severe cognitive
impairment had only mild stroke severity (mean NIHSS of
5.5). However, they had significantly more impaired functioning in complex ADL than those with lesser cognitive
impairment even though stroke severity and functioning in
basic ADL were similar. These observations suggest that
ignoring the cognitive impact among patients with severe
cognitive impairment may underestimate the consequence of
SSVD if motor deficits and basic ADL only are assessed in this
group of patients.
Patients with CDR of 0.5 were almost identical to patients
with CDR of 0 in terms of basic demographic data, stroke
severity, vascular risk factors, neuroimaging features, poststroke functional impairment, and performance in all
psychometric tests. Interestingly, we found that only prestroke cognitive decline was significantly more impaired in
patients with CDR of 0.5 than that in patients with CDR of 0
even though both groups had similar performance in
psychometric tests. There are several possibilities that may
explain the subtle difference between these two groups.
Firstly, as addressed above, the CDR grading may undergrade
the cognitive consequence of patients with mild, nonmemory cognitive symptoms. Including these patients into
CDR of 0 may mask any genuine differences between the two
groups. Secondly, the various psychometric tests that were
used in our study may not be sensitive enough to reveal a
significant difference between these two groups of patients.
Thirdly, the pre-stroke IQCODE may be more sensitive in
detecting mild post-stroke cognitive impairment in patients
with SSVD than other psychometric tests that were used in
our study. Fourthly, the sample size may not be powerful
enough to demonstrate a statistical difference in the
performance of psychometric tests between the two groups.
The mean scores of all psychometric tests for patients with
CDR of 0.5 appeared to be slightly worse than that for
patients with CDR of 0. A larger sample size may possibly
reveal a statistical difference in the performance of psychometric tests between these two groups of patients. Lastly, any
combinations of the above may be responsible.
Apart from the three patients who had mild isolated slow
thinking, all the remaining patients with CDR of 0 denied any
cognitive symptoms before or after the stroke. Their
performances in MDRS I/P and ADAS-cog were significantly
worse than that of controls even though both groups had
similar basic demographic data. We postulate that this
difference is probably due to the small infarcts and WMC.
Studies demonstrate that both small subcortical infarcts and
WMC are associated with impaired performance in psychometric tests among healthy individuals who are free of stroke
or cognitive symptoms.5 41 We did not perform neuroimaging
for our controls. Silent infarcts and age related WMC might
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Frequency of severe cognitive impairment / dementia after SSVD

Studies

n

Study population

Dementia criteria

Follow up
duration

Frequency
(%)

Tatemichi36

227

With/without previous stroke
or pre-stroke dementia
Multiple lacunes, with/without
pre-stroke dementia
First stroke, no pre-stroke
dementia
First stroke
With/without previous stroke
or pre-stroke dementia
With/without previous stroke
or pre-stroke dementia

Clinical diagnosis

2 years

11

Clinical diagnosis

.1 month

27

DSM-III-R & MMSE
,20
Clinical diagnosis
DSM-III-R

2 years

11.2

3 years
3 months

11
25.9

CDR>1

3 months

13.3

Wolfe

37

11

38

215

Miyao

39

81
170

Present study

75

Samuelsson
40
Desmond

DSM-III-R, Diagnostic and Statistical Manual of Mental Disorders, 3rd edition, revised.

also be present among our controls. Furthermore, other nonvascular factors may be affecting the cognition of patients
with SSVD who have no cognitive symptoms. Hence, further
study is needed to evaluate the relation between ischaemic
lesions and cognitive impairment both in controls and in
patients with SSVD who have no cognitive symptoms.
On the whole, patients with CDR of 0 or 0.5 had mild
stroke severity and minimal functional impairment. The
immediate relevance of detecting patients with mildly
disabling cognitive symptoms or mild impairment in the
performance of psychometric tests but without cognitive
symptoms is uncertain. However, as cognitive impairment in
small vessel disease has a propensity to progress,9 10 it is of
paramount importance to study any potentially reversible
risk factors that are associated with further cognitive
deterioration among this group of patients.
We had excluded 17 patients with relevant small infarcts
but who had unknown vascular aetiology or who had not
participated in the cognitive assessment. As these patients
were significantly older than the analysed subjects, we may
have underestimated the frequency of cognitive impairment
in our present study. Furthermore, patients with major
depression were also among those who were excluded
(n = 3). It is currently believed that subcortical lesions,
cognitive impairment, and depression are all inter-related.42
Hence, our estimation on the frequency of the varying
severity of cognitive impairment was only conservative.

Determinants for CDR >1
Pre-stroke cognitive decline and previous stroke were
identified to predict severe cognitive impairment 3 months
after SSVD. The cause for pre-stroke cognitive decline has not
been investigated in the present study. Understanding this
cause is important to the management of post-stroke
cognitive impairment, as the disease process that has been
affecting the patients pre-stroke is probably continuing to
affect them post-stroke. Studies on pre-stroke cognitive
decline among patients with stroke in general show that
both ischaemic and degenerative pathology predict pre-stroke
cognitive decline.43–45 Further study is needed to explore the
aetiology and determinants of pre-stroke cognitive decline
among patients with SSVD. It is interesting to find that
previous stroke, rather than ischaemic lesions (WMC, small
infarcts) predictes post-stroke severe cognitive impairment in
SSVD. Other variables that have not been explored in the
present study may be associated with previous stroke and
with post-stroke cognitive impairment. A recent study
suggests that atrophy of the cortex and hippocampus, which
can only be partially explained by WMC or Alzheimer’s
pathology, was associated with dementia in patients with
subcortical lacunes who were recruited randomly from a
dementia clinic.46 It may be worthwhile to explore the

relation between previous stroke, atrophy of the cortex or
hippocampus, and post-stroke severe cognitive impairment in
SSVD. We must emphasise that caution should be taken in
interpreting the results from the regression analysis. As our
sample size was small, the confidence intervals of the two
variables identified as significant were wide (table 3). A
larger study is needed to confirm the importance of prestroke cognitive decline and previous stroke in predicting
post-stroke severe cognitive impairment in SSVD.

Functional outcome
Multivariate regression analysis demonstrated that performance in basic ADL as measured by BI was significantly
associated with stroke severity (NIHSS) in our present
cohort. This is consistent with other studies of SSVD showing
that motor impairment significantly predicts physical dependence.15 39 Other variables that have been shown to predict
physical dependence in SSVD are WMC, age, diabetes,
previous stroke, and type of lacunar syndrome.15 39
However, the influence of cognitive impairment on the
performance of complex ADL in SSVD has rarely been
studied. We have demonstrated that stroke severity and
performance in MDRS I/P contributes most to the variance in
IADL. Age and pre-stroke IQCODE has a lesser contribution
to its variance. As MDRS I/P evaluates executive dysfunction,
our findings suggest that executive dysfunction predicts
impairment in complex ADL among patients with SSVD.
Tests that are biased towards evaluation of memory and
language impairment, namely MMSE and ADAS-cog, were
found not to be associated with performance of complex ADL
in our subjects. A recent study also suggests that executive
dysfunction among stroke patients in general is associated
with reduced performance in both basic and complex ADL.53
Our findings highlight the importance of cognitive impairment, and in particular, executive dysfunction, in affecting
the functional outcome of patients with SSVD.
.....................
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