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To study the clinical characteristics of cognitive impairment in patients with hemorrhagic stroke, 
Birmingham cognitive screen test, mini-mental state examination, Montreal cognitive assessment  was used 
to evaluate the cognitive function of acute hemorrhagic stroke and the incidence and clinical characteristics 
of cognitive impairment was evaluated. Seventy acute hemorrhagic stroke patients were enrolled in the 
study and the abnormal rates of Birmingham cognitive screen test, mini-mental state examination and 
Montreal cognitive assessment were 81.42, 33.34 and 41.5 %, respectively. Birmingham cognitive screen 
test showed that patients with acute hypertensive intracerebral hemorrhage have cognitive impairment 
in many aspects, especially in language function, memory, attention, executive function, number and 
application ability and the damage rate was more than 30 %. Different degrees of cognitive impairment 
involving multiple cognitive domains could occur in the acute stage of hemorrhagic stroke, among which 
language ability, memory, execution and application ability were the most common. Compared to mini-
mental state examination and Montreal cognitive assessment, Birmingham cognitive screen test has a 
higher detection rate of cognitive impairment after hypertensive hemorrhage and a more comprehensive 
evaluation of cognitive function.
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Vascular cognitive impairment (VCI) was a syndrome 
of mild cognitive decline or dementia caused by 
cerebrovascular disease (cerebral infarction or cerebral 
hemorrhage) or its related risk factors, which often 
cause one or more cognitive impairments such as 
memory, calculation, temporal and spatial orientation, 
executive ability[1]. Previous studies on VCI have 
mostly focused on ischemic stroke, but there were 
relatively few studies on cognitive impairment caused 
by intracerebral hemorrhage.

The neuropsychological scale was often used 
to evaluate the cognitive function of patients. 
However, most of the previous scales were aimed at 
Alzheimer’s disease and there were deficiencies in the 
evaluation of VCI. The mini mental state examination  
(MMSE)[2] and the Montreal cognitive assessment 
test (MoCA)[3] are probably the most commonly used 
cognitive screening tests in the People’s Republic 
of China, if not worldwide. However MMSE lacks 
sensitivity to detect patients with mild symptoms, 

especially those with visuospatial and executive 
function impairments[4]. The MoCA, though more 
sensitive than the MMSE[5], remains limited. For 
example, being developed for dementia, the MoCA 
is not tuned to detect some of the common cognitive 
problems after stroke-notably visuospatial neglect and 
apraxia[6-9].

Moreover, both the MMSE and the MoCA are highly 
verbal screens, with the majority of tests requiring good 
verbal abilities. This means that patients with aphasia 
found after stroke can fail the tests for reasons to do 
with language impairments and not the putative factors 
being tested (e.g. memory or attention). There is also a 
lack of specificity in assigning a problem to a specific 
cognitive function. These screens typically return an 
overall score, which cannot be easily used to direct 
treatment, as treatment needs to target the specific 
cognitive problem (e.g. therapy for spatial neglect 
differs from that for apraxia).
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The Birmingham cognitive screen (BCoS) battery[10] is a 
new instrument that was developed to screen individuals 
for cognitive problems after a stroke and to generate a 
cognitive profile across a range of cognitive domains 
such as attention and executive function, language, 
memory, number skills and praxis. Importantly, the test 
is designed to maximize inclusion of stroke patients, 
while generating test results that are uncontaminated 
by the co-occurrence of language or spatial attention 
problems, which can otherwise have a contaminating 
impact on performance. The reliability and validity of 
the Chinese version of the BCoS has been verified in 
Guangzhou ischemic stroke population[9]. In this study, 
BCoS was used to evaluate the cognitive impairment 
associated with hemorrhagic stroke.

MATERIALS AND METHODS

Clinical subjects:

All the patients included in this study were diagnosed 
with acute hypertensive intracerebral hemorrhage who 
were hospitalized in the Department of Neurology and 
Neurosurgery of Guangzhou First People’s Hospital 
from July 2015 to April 2017. The inclusion criteria 
were, patients with age  ≥50 y, those patients whose 
mother tongue is Cantonese or who are proficient 
in Cantonese, those with diagnosis of hypertensive 
intracerebral hemorrhage met the criteria set out in 
the 2015 guidelines for the diagnosis and treatment 
of intracerebral hemorrhage, those patients who can 
maintain attention for at least 45 min, those patients 
who read the subject’s instructions and signed a written 
informed consent form and those patients who are 
dextromanual. 

The exclusion criteria included, those patients with 
central nervous system diseases such as stroke, epilepsy 
and Parkinson’s disease, and patients previously 
diagnosed with dementia, normal intracranial pressure 
hydrocephalus, depression, organic mental disorders, 
mental disorders caused by substance dependence 
and schizophrenia. Patients with chronic cardiac 
insufficiency, thyroid hypothyroidism, moderate and 
severe anemia, and other medical diseases affecting 
cognitive function, systemic malignant tumors or 
intracranial benign tumors, other serious somatic 
diseases that affect the evaluation of cognitive function 
were excluded. Patients with unstable vital signs, those 
with attention span less than 45 min and patients or their 
families who did not give informed consent or refuse to 
sign the informed consent.

Clinical evaluation:

The clinical data of all patients were collected, 
including admission number, NIHSS, sex, date of birth, 
years of education, address, telephone, residence status, 
anamnesis, family history, personal history. All patients 
were assessed on cognitive function assessment scale 
within 14 d of onset followed by a trained neurologist, 
according to the order of BCoS scale, MMSE scale and 
MoCA scale. The language of BCoS was Cantonese, and 
its reliability and validity was verified in Guangzhou 
ischemic stroke population. The Chinese version of 
the MMSE scale was completed within 15 min, with 
23 points as the cut-off value, divided according to 
the number of years of education, including illiteracy 
≤17 points, primary school level ≤20 points, secondary 
school level (including technical secondary school) 
≤22 points, college level (including junior college)  
≤23 points[13]. MoCA adopts Hong Kong version[14], 
each assessment was completed within 15 min, with a 
cut-off value of 23, and the number of years of education 
if less than 12 y plus 1 point.

Statistical analysis:

All patients’ evaluation data were imported into an 
Excel database and the data was analyzed by SPSS 
19.0. The mean±standard deviation was used in the 
measurement data which in accordance with normal 
distribution. The counting data was expressed by 
frequency or percentage, and the chi-square test 
was used for comparison between groups. For the 
comparison of qualitative data whose sample size is 
less than 40, continuity correction was used. P<0.05 
indicates that the difference is significant, and all tests 
were bilateral tests.

RESULTS AND DISCUSSION

Finally, 70 patients were included in this study, 
including 50 males and 20 females. The average age 
was 66.31±11.31 y, the lowest age was 50 y and the 
highest age was 91, and the average length of education 
was 8.10±3.66 y. All patients were of dextromanuality, 
including 21 with primary school education and 
below, 34 with middle school education and 15 with a 
university education or above. Among the 70 patients, 
28 had damage in the left cerebral hemisphere, 35 in the 
right cerebral hemisphere, 5 in the cerebellum, 1 in the 
brainstem, and 1 in the bilateral cerebral hemispheres. 
All patients were proficient in Cantonese.

All patients completed the BCoS scale examination, 
16 patients failed to complete MMSE, and 17 patients 
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failed to complete the MOCA examination. Among the 
patients who had completed the BCoS scale, 6 patients 
could not complete MMSE or MoCA due to aphasia, 
and the remaining 10 patients could not complete 
MMSE or MoCA due to other reasons. The rates of 
cognitive impairment detected by MMSE, MoCA 
and BCoS were 33.34 % (18/54), 41.5 % (22/53) and  
81.42 % (57/70), respectively. Chi-square test was 
performed on the abnormality detection rates of MMSE 
and BCoS, MoCA and BCoS. It was found that the 
chi-square values of the two groups were all less than 
0.05, and the differences were statistically significant  
(Table 1). Of the 36 patients with normal MMSE scores, 
25 patients were found to have at least one cognitive 
domain impairment by BCoS. Of the 31 patients with 
normal MoCA scores, 21 were found to have at least 
one cognitive domain impairment by BCoS. In other 
words, more than 60 % of the patients with normal 
MMSE or MoCA could find at least one cognitive 
domain impairment by BCoS examination, which 
mainly focused on attention, spatial neglect (apple 
deletion, tactile disappearance), language (sentence 
construction), memory (time and space, story recall 
and replay), controlled attention (auditory attention), 
and practical action ability (gesture).

According to the critical value of the Cantonese version 
of BCoS scale impairment of cognitive function in  
70 patients with hypertensive intracerebral hemorrhage 
was counted. It was detected that there were many 
aspects of cognitive impairment in patients with acute 
hypertensive intracerebral hemorrhage, especially 
in language function, memory, attention, executive 
function, number, and application ability, and the 
impairment rate was more than 30 %. The damage 
including language subitems (55.71 % in sentence 
construction, 40.00 % in sentence reading, 40.00 % 
in character writing, 35.71 % in non-word reading-
accuracy), execution ability (47.14 % in complex 
pattern copying, 41.42 % in gesture recognition, 

35.71 % in multi-step item use), attention and spatial 
neglect (44.20 % in apple deletion test, 41.40 % in 
tactile evasion test, 40.00 % in visual disappeared 
test), and controlled attention (44.28 % in Birmingham 
rule conversion test), memory (52.77 % in task recall,  
44.28 % in time and space orientation), numbers  
(40.00 % in digital writing and 38.57 % in digital 
reading). The specific impairments are shown in  
Table 2.

The rate of language impairment in left hemisphere 
cerebral hemorrhage was higher, including attention and 
spatial neglect (apple deletion, visual disappearance, 
tactile disappearance), controlled attention (auditory 
attention), language (picture naming, sentence reading, 
nonword reading-accuracy, character writing), spatio-
temporal orientation, digital writing, execution ability 
(complex graphic copying, gesture recognition). 
However, there was no difference between patients with 
left and right hemispheric lesions in several subitems, 
such as self-centered neglect, situational memory, 
digital reading, numerical calculation, and insight. The 
results were shown in Tables 3 and 4.

In this study, BCoS, MMSE, and MOCA were used 
to evaluate the cognitive function of patients with 
hypertensive intracerebral hemorrhage in the acute 
stage. The cognitive impairment detected by MMSE, 
MoCA, and BCoS were statistically significant. The 
detection rate of cognitive impairment in patients with 
hypertensive intracerebral hemorrhage by BCoS was 
significantly higher than that of the other two scales. Of 
the 36 patients with normal MMSE scores, 25 patients 
were found to have at least one cognitive domain 
impairment by BCoS. Of the 31 patients with normal 
MoCA scores, 21 were found to have at least one 
cognitive domain impairment by BCoS. The cognitive 
domain impairment mainly focused on attention, 
spatial neglect, language, memory, controlled attention, 
and practical action ability. This also showed that the 
clinical use of MMSE, MoCA scale for the cognitive 
screening of hemorrhagic stroke, patients’ attention, 
spatial information reception ability and other aspects 
was easy to cause missed diagnosis. Among the patients 
who had completed the BCoS scale, 6 patients could 
not complete MMSE or MoCA due to aphasia. It is 
worth noting that both this study and previous studies 
had found that the patients with cerebral hemorrhage 
often have language dysfunction (the language subitem 
damage rate is 30-55%). The evaluation of MMSE/
MoCA depended to a large extent on the integrity of 
patients’ language functions. In case of patients with 

Normal cases Abnormal cases χ2 P value
MMSE 27 29 12.61 0.001
BCoS 13 57

TABLE 1: COMPARISON OF ABNORMAL 
DETECTION RATE BETWEEN MMSE AND BCOS

Normal 
cases

Abnormal 
cases χ2 P value

MoCA 31 22 0.000

BCoS 13 57 20.92

TABLE 2: COMPARISON OF ABNORMAL 
DETECTION RATE BETWEEN MOCA AND BCOS
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Age grouping 50-69 y ≥70 y
Total % 

impairment
Functional 

impairment cases/
Total cases

%
Functional 

impairment cases/
Total cases

%

Attention-spatial neglect
Apple cancellation (accuracy) 24/45 53.30% 7/25 28.00% 44.20%
Asymmetry (allocentric) (R, L) 14/45 31.10% 2/25 8.00% 22.80%
Asymmetry (egocentric) (R, L) 0/45 0.00% 0/25 0.00% 0.00%

Left visual unilateral 17/45 37.80% 11/25 44.00% 40.00%

Right visual unilateral 10/45 22.20% 6/25 24.00% 22.80%
Left visual bilateral 15/45 33.30% 11/25 44.00% 37.10%
Right visual bilateral 14/45 31.10% 10/25 40.00% 34.20%
Left tactile unilateral 15/45 33.30% 1/25 4.00% 22.80%

Right tactile unilateral 12/45 26.70% 3/25 12.00% 21.40%
Left tactile bilateral 20/45 44.40% 9/25 36.00% 41.40%
Right tactile bilateral 15/45 33.30% 8/25 32.00% 32.85%
Attention-controlled
Auditory attention accuracy 18/45 40.00% 5/25 20.00% 32.85%
Sustained attention index 1/45 2.00% 4/25 16.00% 7.14%
Auditory attention practice 1/45 2.00% 0/25 0.00% 1.42%
Auditory attention word recall 9/45 20.00% 6/25 24.00% 21.42%
Rule finding and set shifting accuracy 21/45 46.70% 10/25 40.00% 44.28%
Rule finding-rules found 0/45 0.00% 0/25 0.00% 0.00%
Language-spoken
Instruction comprehension 7/45 15.50% 1/25 4.00% 11.42%
Picture naming 13/45 28.90% 2/25 8.00% 21.42%
Sentence construction 24/45 53.30% 15/25 60.00% 55.71%
Language-read and written
Sentence reading-accuracy 18/45 40.00% 10/25 40.00% 40.00%
Nonword reading-accuracy 16/45 35.30% 9/25 36.00% 35.71%
Character writing 19/45 42.20% 9/25 36.00% 40.00%
Memory-orientation
Personal 6/45 13.30% 2/25 8.00% 11.42%
Time and space 24/45 53.30% 7/25 28.00% 44.28%
Memory-episodic
Story free-recall 1 11/45 24.40% 7/25 28.00% 25.71%
Story free-recognition 1 11/45 24.40% 9/25 36.00% 28.57%
Story free-recall 2 10/45 22.20% 8/25 32.00% 25.71%
Story free-recognition 2 12/45 26.70% 8/25 32.00% 28.57%
Task-recall 17/45 37.80% 21/25 84.00% 52.77%
Number
Reading 19/45 42.20% 8/25 32.00% 38.57%
Writing 19/45 42.20% 9/25 36.00% 40.00%
Calculation 7/45 15.50% 4/25 16.00% 15.71%
Praxis-action
Figure copy 23/45 51.10% 10/25 40.00% 47.14%
Multistep object use 16/45 35.50% 9/25 36.00% 35.71%
Gesture production 21/45 46.70% 2/25 8.00% 32.85%
Gesture recognition 17/45 37.80% 12/25 48.00% 41.42%
Imitation 15/45 33.30% 2/25 8.00% 24.28%

TABLE 3: FUNCTIONAL IMPAIRMENT IN EACH COGNITIVE DOMAIN

aphasia, there were obstacles in the reception and output 
of information, which often affected the judgment of 
other cognitive subitems such as MoCA or MMSE. The 

evaluation of the MMSE/MoCA mainly depended on 
the integrality of linguistic function. The BCoS could 
better solve the above problems. Most of the prompts of 
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and choosing the corresponding text answers, so that 
they can avoid the influence of impaired language 
function as far as possible and truly reflect the status of 
other cognitive subitems of the patients.

In addition, compared with MMSE/MoCA, BCoS 
could comprehensively and specifically evaluate the 
impairment of each cognitive domain of the subjects, 
which was more conducive to the later rehabilitation 
treatment. National institute for health and clinical 
excellence guidelines for long-term rehabilitation 
after stroke indicate that for acute stroke patients, 
a comprehensive assessment including cognitive 
assessment should be completed as quickly as possible, 
including attention, memory, spatial ability, disability, 
perception[13]. The vascular cognitive impairment 
guidelines of China also recommend evaluating patients 
with vascular cognitive impairment, including memory, 
attention to executive function, visual space structure 
function. Therefore, an effective, comprehensive, and 
sensitive cognitive assessment scale is particularly 
important clinically. As a new and advanced assessment 
tool, the reliability and validity of BCoS had been 
verified in the UK and Guangdong, China. It has been 
proved to be a comprehensive and effective cognitive 
assessment tool[9], which could provide a comprehensive 
cognitive examination for patients and provide a basis 
for clinical treatment and neurorehabilitation, thus it is 
worth further popularizing in clinical practice.

Using the Cantonese version of BCoS, the impairment 
of cognitive function in 70 patients with hypertensive 
intracerebral hemorrhage was counted. It was observed 
that many aspects of cognitive impairment could 
occur in patients with acute hypertensive intracerebral 
hemorrhage, especially in language function, memory, 
attention, executive function, number, and application 
ability, and the rate of occurrence was more than  
30 %. And the damage including language subitems, 
execution ability, attention and spatial neglect and 
controlled attention, memory and numbers. It is 
consistent with the results of previous studies on 
cognitive screening of hemorrhagic stroke by scholars 
at home and abroad[16,17]. However, the conclusions 
of most previous studies were not uniform and BCoS 
was used to comprehensively evaluate hemorrhagic 
stroke in this study, which ovecame the shortcomings 
of previous studies.

The present study also found that there was no 
difference between the left and right hemispheres of 
episodic memory, spatial neglect, digital reading and 
computing. Consistent with previous reports[12], it was 

χ2 test χ2 P value

Attention-spatial neglect
Apple cancellation (accuracy) 6.760 0.009
Asymmetry (allocentric) (R, L) 0.477 0.490
Asymmetry (egocentric) (R, L) NA NA
Left visual unilateral 2.363 0.136
Right visual unilateral 0.039 0.843
Left visual bilateral 4.062 0.044
Right visual bilateral 0.877 0.349
Left tactile unilateral 1.176 0.278
Right tactile unilateral 6.998 0.012
Left tactile bilateral 4.200 0.040
Right tactile bilateral 2.057 0.151
Attention-controlled
Auditory attention accuracy 3.889 0.049
Sustained attention index 0.553 0.457
Auditory attention practice 0.894 0.344
Auditory attention word recall 0.556 0.456
Rule finding and set shifting accuracy 0.630 0.427
Language-spoken
Instruction comprehension 1.210 0.449
Picture naming 10.705 0.001
Sentence construction 1.197 0.274
Language-read and written
Sentence reading-accuracy 4.062 0.044
Non-word reading-accuracy 7.754 0.005
Character writing 6.563 0.010
Memory-orientation
Personal 3.465 0.063
Time and space 16.313 0.000
Memory-episodic
Story free-recall 1 0.094 0.759
Story free-recognition 1 1.059 0.304
Story free-recall 2 0.695 0.404
Story free-recognition 2 1.403 0.236
Task-recall 1.484 0.223
Number
Reading 0.003 0.954
Writing 7.862 0.005
Calculation 0.149 0.700
Praxis-action
Figure copy 4.585 0.032
Multistep object use 1.484 0.223
Gesture production 1.397 0.237
Gesture recognition 8.036 0.005
Imitation 2.832 0.092

TABLE 4: COMPARISON OF COGNITIVE 
IMPAIRMENT BETWEEN LEFT AND RIGHT 
CEREBRAL HEMISPHERES WITH INTRACEREBRAL 
HEMORRHAGE

the BCoS were short and high-frequency words, which 
were equipped with a subject manual. All aphasia 
patients who were unable to answer questions freely 
can complete the corresponding content test by reading 
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observed that lesions in the left cerebral hemisphere 
were more prone to functional impairment of multiple 
cognitive domains, including language, attention, and 
executive function, such as picture naming, nonword 
reading-accuracy, character writing. Episodic memory 
was the memory of events (situations) experienced by 
individuals at a certain time and place on the basis of 
time and space. In the past, it was thought that memory 
was mainly related to the dominant hemispheres. 
Broca’s area, in the frontal lobe of the left hemisphere 
is found to be largely affected in stroke patients and 
so is the speech production. However, recent studies 
have also supported the importance of non-dominant 
hemispheres in the maintenance of episodic memory 
function. For example, a PET study[18] conducted in 
2009 found that episodic memory was different from 
other types of memory. Its neural structure was not 
only based on the medial nucleus of the temporal 
lobe, but also related to multiple brain regions of both 
hemispheres. The complete functional network between 
the bilateral hemispheres was involved in the formation 
of episodic memory. This study also supported this 
view from the study of lesions-function matching.

This study showed that there was no difference in the 
abnormal rate of egocentric neglect in both hemispheres. 
Egocentric neglect refers to self-centered neglect of 
spatial information on one side[19,20]. It was a common 
cognitive impairment, after brain injury such as stroke. 
Foreign studies have shown that the incidence in stroke 
patients can reach 25-50%[21], and about 1/3 of acute 
neglect patients can be converted to chronic neglect[22]. 
Many studies have reported that patients with damage 
to the right cerebral hemisphere have a higher incidence 
and severity of neglect, but some studies have shown 
that there was no difference in the incidence of spatial 
neglect between patients with damage to the left and 
right hemispheres[21,23]. However, there was a relative 
lack of research in this area in our country. The present 
results also supported the possibility of egocentric 
neglect in the right hemisphere damage. Studies abroad 
used Ota’s discriminative cancellation task combined 
with line bisection task to conduct DWI studies in 
patients with acute stroke and TIA. They found that there 
was no difference in the incidence of neglect between 
patients with left and right cerebral hemispheres[21]. It 
was speculated that this might be due to the fact that the 
ability to receive visual spatial information depended 
on the functional connection between the bilateral 
hemispheres, not just on the functional integrity of the 
brain near the parietal lobe of the right hemisphere. On 
the other hand, the hemispheric damage in patients with 

hypertensive intracerebral hemorrhage might be mainly 
subcortical structural damage, but less related to the 
involvement of right angular gyrus and supramarginal 
gyrus which were closely related to neglect. Next, the 
subgroup analysis of specific lesions will help to clarify 
this problem.

Therefore, it was detected that the main neural 
structural basis of cognitive abilities such as language, 
application, execution, and numbers were located in 
the left hemisphere, while the integrity of cognitive 
functions such as episodic memory, self-centered 
neglect, digital reading, and computing may depend 
more on the integrity of functional connections between 
bilateral hemispheres. In conclusion, different degrees 
of cognitive impairment involving multiple cognitive 
domains could occur in the acute stage of hypertensive 
intracerebral hemorrhage, among which language 
ability, memory, executive ability, and application 
ability was the commonest. Compared with MMSE and 
MoCA, BCoS has a higher detection rate of cognitive 
impairment after hypertensive hemorrhage and a more 
comprehensive evaluation of cognitive function. The 
dominant hemispheres was more prone to multiple 
cognitive domain impairment, including language, but 
episodic memory, self-centered neglect, digital reading 
and computing functions were all related to bilateral 
cerebral hemispheres. This may be achieved through 
the functional connection between different parts of the 
bilateral hemispheres, and there was a certain degree of 
compensatory mechanism between different functional 
parts, which needs to be further confirmed by expanding 
the sample size.
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