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Effect of Computerized Neuropsychologic Test in Subacute
Post-Stroke Patient With Cognitive Impairment
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Objectives: To investigate the effects of Computerized Neuropsychologic Test (CNT) on cognitive function and
daily life performance in subacute post-stroke patients with cognitive impairment.

Methods: Korean Mini-Mentals State Examination (K-MMSE), Korean version of Modified Barthel Index (K-MBI)
were investigated in 125 subacute post-stroke patients with cognitive impairment. We analyzed K-MMSE and
K-MBI which were conducted 63 patients who had received CNT and 62 patient who had not received CNT
from baseline to 8 weeks follow-up. In the experimental group, initial K-MMSE and K-MBI were conducted
13.3 + 6.8 weeks after the onset of stroke and their age was 63.4 + 13.3. In the control group, initial K-MMSE
and K-MBI were conducted 13.2 + 7.7 weeks after the onset of stroke and their age was 65.1 + 11.6
Results: The 8 weeks follow-up total K-MMSE score and total K-MBI score of experimental group were
significantly higher than control group (2 < 0.05). In K-MMSE subsection, orientation, judgement, recall,
language & visual reconstruction were significantly higher in experimental group than control group (£ < 0.05).
In K-MBI subsection, personal hygiene, bathing self, toilet, dressing, ambulation, chair/bed transfer were
significantly higher in experimental group than control group (2 < 0.05). The change of total K-MMSE score
of experimental group was significantly correlated with change of total K-MBI score (2 € 0.05), but control
group was not (P ) 0.05). In K-MMSE subsection, change of orientation, registration, language and visual
reconstruction were correlated with total K-MBI s core after CNT. Especially, the experimental group, total
K-MBI score of the left hemisphere damage group was significantly higher than the right hemisphere damage
group (P < 0.05).

Conclusions: This study shows that CNT is effective on subacute post-stroke patients with cognitive impairment.
Improvement of cognitive function can expect a positive outcome on daily life performance, in particular,
it can be expected to improve the prognosis of patients with stroke, the left hemisphere lesions.

Key Words: Cognitive therapy, Neuropsychologic Test, Stroke

The cognitive impairment can result from trau- ments in the patients who experienced a stroke
matic brain injury, stroke, toxic exposure, and more than 3 months ago vary from 13.6 to 39%,
various metabolic brain diseases, and the stroke and 50~75% of the patients show the confined
is known to be the most common cause of the cognitive and perceptual impairment.>*
cognitive impairments.? It was reported that the The cognitive impairments following a stroke
frequency of cognitive and perceptual impair- have a negative effect on the rehabilitation
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treatment. Cognitive and perceptual function in
the rehabilitation of stroke patients is meaningfully
related to the prognosis and serve as a critical
factor enabling it to predict the functional recovery
of the patients. Defects caused by a stroke may
affect only one cognitive domain, yet it accom-
panies impairments in various domains such as
motor skills, attention and concentration, memory,
visuospatial ability, language, problem-solving
and reasoning ability, discerning and planning
ability, which causes the patients to have diffi-
culties in daily activities.” The cognitive impair-
ment is the biggest obstacle to returning the com-
munity after a brain injury, and affects the desire
and motivation to participate in the rehabilitation
programs and the acquisition of motor skills, so
there is the necessity of an accurate evaluation
of the effects of cognitive function on the daily
activities and effective treatment.®

Several assessment tools are used to evaluate
cognitive functions after a stroke in the re-
habilitation medicine. Among them, Mini-Mental
State Examination (MMSE) is known to be easy
and high reliable to use so it is widely used. MMSE
can be performed by someone that received appro-
priate training even though he or she is not an
expert, and enables it to evaluate various domains
of the cognitive function in a short time of about
5-10 minutes.” Due to these advantages, Korean
version of Mini-Mental State Examination
(MMSE-K) developed by Park, Jong Han et al.® and
Korean Mini-Mental State Examination (K-MMSE)

developed by Kang, Yeon Wook et al.” are most
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widely used in Korea. Among the above two trans-
lated versions, K-MMSE maintains the original
items, and two items in K-MMSE: ‘Read a sentence
and do as it says and ‘Write a sentence are different
from those in MMSE-K. K-MMSE is known to be
widely used in clinical scenes and was often used
for a screening test for dementia prevalence sur-
veys led by neurologist.'”

For the tool for evaluating the performance of
daily activities for the stroke patients after a stroke,
Modified Barthel Index (MBI) is most widely used
in the rehabilitation medicine. Korean version of
Modified Barthel Index (K-MBI) has been devel-
oped for Korea by correcting and supplementing
some items in MBI and translating MBI in Korean
and standardizing it statistically. K-MBI evaluates
a total of 10 items related to the performance of
daily activities of Koreans in 5 steps and there
is no concern about copyright claim or the payment
of license fees.!

In the rehabilitation medicine, the treatment of
cognitive impairments is called cognitive re-
habilitation, that is a systematic application of
intervention for the improvement of cognitive
processing. Among a range of cognitive re-
habilitation programs, a cognitive therapy using
computers has the advantage of being able to pro-
vide not only structured, flexible and standardized
training tasks but also accurate and immediate
feedback on the task performance. Because of these
advantages, it is increasingly used in the cogni-
tive rehabilitation.'? In Korea, Seoul Computerized

Neuropsychological Test {CNT, Max Medica Co.,
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Ltd} are widely used as the tools for cognitive re-
habilitation, and the studies using these tools re-
ported meaningful improvement of the cognitive
function of the patients who underwent the cogni-
tive rehabilitation using computers.

However, there are not many studies conducted
on the effect of the improved cognitive functions
of the patients who underwent the cognitive re-
habilitation using computers on the performance
of daily activities. Thus, this study was conducted
with the aim to analyze the changes in the cognitive
functions and the performance of daily activities
after the implementation of CNT and determine
the correlation between the changes in the cogni-

tive functions and the performance of daily activ-

ities using K-MBI and K-MMSE.

MATERIALS AND METHODS

Subjects

The subject for this study were 125 patients who
scored less than 23 points in K-MMSE among the
subacute stroke patients who received treatment
at 00 Hospital as inpatients or outpatients for less
than 6 months after a stroke. 63 patients who un-
derwent CNT were included in the experimental
group and 62 patients who did not were included
in the control group. The cerebral infarction and
cerebral hemorrhage were confirmed based on
the results of brain magnetic resonance imaging
(MRI) and brain computed tomography (CT)

scanning. Both the experimental group and con-

trol group were taking Donepezil (5 mg/day for
28 days, followed by 10 mg/day). The patient with
speech impediment and aphasia, the patients
with hearing disorder, the patients with neuro-
psychiatric disorders and the patients who suf-
fered the diseases (e.g. dem entia, drug addition,
etc.) that might cause cognitive dysfunction be-
fore the onset of stroke were excluded from the
subjects for this study. In the experimental group,
there were 37 cerebral infraction patients and 26
cerebral hemorrhage patients in the experimental
group. For the lesion site of stroke, 25 patients
had a stroke in the right cerebral hemisphere and
38 patients had a stroke in the left cerebra
hemisphere. Initial K-MMSE and K-MBI were
conducted 13.3 + 6.8 weeks after the onset of
stroke and their age was 63.4 + 13.3. In the con-
trol group, there were 39 cerebral infraction pa-
tients and 23 cerebral hemorrhage patients in the
experimental group. For the lesion site of stroke,
25 patients had a stroke in the right cerebral
hemisphere and 37 patients had a stroke in the
left cerebral hemisphere. Initial K-MMSE and
K-MBI were conducted 13.2 + 7.7 weeks after
the onset of stroke and their age was 65.1 + 11.6.
There was no statistically meaningful difference
in the legion site of stroke and the period to the
initial test (Table 1). The study was conducted af-

ter obtaining an approval of IRB of 00 Hospital.

Methods
This study is a retrospective case - control study.

The medical records of all the subjects were ex-
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Table 1. Demographics of control and experimental group.

Control group Experimental group p—value
Total number of cases 62 63
Male/female 34/28 33/30 0.604
Mean age (years) 65.1 + 11.6 63.4 + 13.3 0.107
Post onset Duration (weeks) 132 = 7.7 13.3 = 6.8 0.045*%
Etiology

P el 20 20
Side of brain lesion 25/37 05/38 0.661

(right/left)

*Significance level is p < 0.05 by student’s t test, comparing between control group and experimental group.

amined and then the general characteristics of
them and K-MMSE and K-MBI data were analyzed.
To evaluate the cognitive functions of the subjects
before the implementation of CNT, K-MMSE per-
formed at the start of CNT was examined, and
then K-MMSE performed 8 weeks after the im-
plementation of CNT was examined to evaluate
the cognitive functions of the subjects after the
implementation of CNT, K-MMSE performed 8
weeks after the implementation of CNT was
examined. In this study, K-MMSE total score (on
a scale of 30) and 6 sub items (i.e. orientation,
registration, calculation, judgment, recall, lan-
guage and visual reconstruction) were examined.

Additionally, the K-MBI performed at the start
of CNT and the K-MBI performed 8 weeks after
the implementation of CNT for the two groups
were examined. In this study, K-MBI total score
(on a scale of 100) and 10 sub items (i.e. personal

hygiene, bathing self, feeding, toilet, stair climb-
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ing, dressing, bowel control, bladder control, am-
bulation, wheelchair, chair/bed transfer) were
examined.

For the experimental group, CNT was performed
using Seoul Computerized Neuropsychological
Test. For the CNT sub-items, a total of 10 items
(i.e. Digit span forward test for verbal memory
evaluation; Digit span backward test; Verbal learn-
ing test; Visual span forward test for visuospatial
memory evaluation; Visual span backward test,
Visual learning test; Auditory Continuous perform-
ance test (CPT) for attention evaluation: Visual
CPT test and Trail making test set A, B for visual
motor integration ability) were performed (Table
2). Computerized neuropsychological tests were
performed for 8 weeks, 2 sessions per week and
for 30 minutes per session. Additionally, for the
two groups, conventional rehabilitation treatment
including physical therapy and occupational ther-

apy (twice a day, 5 times per a week, for 8 weeks),
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Table 2. Contents of computerized neuropsychological test.

Test

Subject

Verbal memory test

Visual memory test

Attention test

Visuo—motor coordination test

Digit span forward
Digit span backward
Verbal learning test
Visual span forward
Visual span backward
Visual learning test
Audirory CPT
Visual CPT
Trail-making A
Trail-making B

*CPT, Continous performance test.

and Donepezil treatment were performed.

A statistical analysis was performed using the
SPSS 18.0 for windows MS. Additionally, the both
groups were compared between before and after
the treatment using a paired t-test, and the differ-
ences between the two groups were compared us-
ing a student t-test. To compare the correlation
between the variation in K-MMSE sub-items and
the variation in K-MBI total score for both groups,
Pearson correlation was used, with the sig-

nificance level set at < 0.05.

RESULTS

K-MMSE and K-MBI for the experimental

group and control group before the im-

plementation of CNT.

K-MMSE total average score before the im-
plementation of CNT was 17.29 + 5.82 points in
the experimental group and 17.81 + 8.07 points

in the control point, indicating there is no statisti-

cally meaning differences between the two
groups. Additionally, in all 6 items of K-MMSE
sub-items (i.e. orientation, registration, calcu-
lation, judgment, recall, language and visual re-
construction), no item showed statistically mean-
ingful difference between the two groups. K-MBI
total average score before the implementation of
CNT was 37.14 + 24.91 points and 38.08 + 20.04
points in the experimental group and the control
group respectively, indicating that there was no
statistically meaningful difference between the
two groups. In 8 items of K-MBI sub-items (i.e.
personal hygiene, bathing self, feeding, toilet,
stair climbing, dressing, ambulation, wheelchair,
chair/bed transfer), there was no statistically
meaningful difference between the two groups,
whereas in two items: bowel control and bladder
control, statistically meaningful difference was

observed.

K-MMSE and K-MBI for the experimental

group and control group after the im-
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Table 3. Comparison of changes of K-MMSE and K-MBI after CNT.

Before After
K-MMSE
Control group 17.81 + 8.07* 20.57 + 9.68*
Experimental group 17.29 = 5.82* 23.03 = 4.85*
K-MBI
Control group 38.08 = 20.04*% 51.05 + 22.13*%
Experimental group 37.14 = 24.91% 58.83 = 21.83*%

Values are mean *

standard deviation; *Significance level is p < 0.05 by paired t test,

comparing between

before and after CNT; CNT, Computerized Neuropsychological Test; K-MMSE, Korean Mini—Mental state
Examination; K—MBI, Korean version of Modified Barthel Index.

plementation of CNT.

K-MMSE total score of the experimental group
after the implementation of CNT was 23.03 + 4.85
points, indicating an increase of 5.74 * 3.66
points compared to before treatment and
K-MMSE total score of the control group was
20.57 + 9.68 points 8 weeks after the initial evalu-
ation, indicating an increase of 2.76 + 5.37 points
compared to the initial evaluation, so both groups
showed meaningful improvement. In 6 K-MMSE
sub-items (i.e. orientation, registration, calcu-
lation, judgment, recall, language and visual re-
construction), statistically meaningful improve-
ment was observed.

K-MBI total score in the experimental group
was 58.83 + 21.83 points, an increase of 21.68
+ 12.50 points compared to before the treatment,
and K-MBI total score in the control group was
51.05 + 22.13 points, an increase of 13.03 + 15.55
points compared to the initial evaluation, so
both groups showed statistically meaningful
improvement. In 10 items of K-MBI sub-items
items (i.e. personal hygiene, bathing self, feeding,

toilet, stair climbing, dressing, bowel control,
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bladder control, ambulation, wheelchair,
chair/bed transfer), both groups showed mean-
ingful improvement (Table 3). The results of a
comparative analysis of K-MMSE total scores and
the scores in the sub-items between the two
groups demonstrated that the experimental group
showed a statistically meaningful improvement in
K-MMSE total score and 4 sub-items (i.e. ori-
entation, judgment, recall, language and visual re-
construction) compared to the control group,
whereas in 2 items (i.e. registration, calculation),
no statistically meaningful difference between the
two groups was observed (Table 4). The results
of a comparative analysis of the two groups after
the implementation of CNT demonstrated that 6
sub-items (i.e. personal hygiene, bathing self, toi-
let, dressing, ambulation, chair/bed transfer)
showed statistically meaningful improvement,
whereas 4 sub-items (i.e. feeding, stair climbing,
bowel control and bladder control) showed no
statistically meaningful difference between the
two groups (Table 5).

The results of a comparative analysis of the two

groups according to the cause of stoke showed
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Table 4. K-MMSE scores at baseline and after CNT in control and experimental group.

Baseline After CNT

Experimental

Experimental

Control group Control group

group group
Total score 17.81 = 8.1 17.29 = 5.8 20.57 + 9.7* 23.03 + 4.9*
Orientation 7.44 + 20 6.40 + 2.2 7.08 + 2.8* 8.27 + 1.6*
Registration 250 + 0.9 267 + 0.8 271 = 0.7 2.86 + 0.5
Calculation 150 £ 1.6 122 £ 156 1.92 £ 1.8 243 + 1.7
Judgement 1.40 + 0.8 1.46 + 0.8 163 + 0.7* 1.78 + 0.5*
Recall 1.03 + 1.1 0.78 £ 0.9 1.19 = 1.1* 1.84 + 1.0%
Language &
Visual 498 + 1.9 473 £ 1.8 5.26+1.5% 5.84 + 1.3*
reconstruction

Values are mean + standard deviation; *Significance level is p < 0.05 by student’s t test, comparing between
control group and experimental group.

Table 5. K-MBI scores at baseline and after CNT in control and experimental group.

Baseline After CNT

Experimental Experimental

Control group Control group

group group

Total score 38.08 = 20.0 37.14 £ 24.9 51.05 + 22.1* 58.83 + 21.8*
Personal hygiene 1.94 + 1.4 1.92 + 1.6 274 + 1.3* 3.66 + 0.9%
Bathing self 0.81 = 1.1 1.05 + 1.3 1.39 + 1.3% 216 = 1.5*
Feeding 498 = 34 438 £ 3.2 6.63 + 2.7 6.06 + 2.6
Toilet 248 + 2.8 2.87 = 3.6 3.69 = 3.5% 500 = 3.3*

Stair climbing 0.90 + 25 148 + 3.2 1.77 + 3.2 268 + 35
Dressing 256 + 25 3.02 £ 29 3.90 £ 2.9*% 5.40 + 2.7%
Bowel control 7.56 = 3.8* 590 = 4.3* 852 = 2.8 811 = 27
Bladder control 719 = 4.0% 567 = 4.4* 840 = 2.9 8.27 + 25
Ambulation 232 £ 45 386 = 5.2 434 + 55*% 6.41 = 5.4*
Or Wheelchair 0.65 = 1.0 0.63 = 0.9 0.82 = 1.1 057 = 1.14
Chair/Bed transfer 6.32 = 4.0 6.38 = 4.5 8.45 + 4.2% 10.57 £ 3.9*

Values are mean + standard deviation; *Significance level is p < 0.05 by student’s t test, comparing between
control group and experimental group.
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Table 6. Intra—group analysis of AK-MBI and AK-MMSE in experimental sub—group.

Infarction group

Hemorrhage group

AK-MBI 2249 + 49 2053 = 4.7
AK-MMSE 5.39 + 3.1 6.00 £ 3.3

LHD Group RHD Group
AK-MBI 26.63 = 4.6* 16.76 £ 4.2%
AK-MMSE 587 £ 3.6 572 £ 3.0

Values are mean + standard deviation; *Significance level is p<0.05 by student’s t test in intra—group analysis;
AK-MMSE, Change of total K-MMSE score; AK-MBI, Change of total K-MBI score; LHD, Left hemisphere

damage; RHD, Right hemisphere damage.

that both the cerebral hemorrhage group and the
cerebral infraction group in the experimental
group showed an improvement in K-MMSE and
K-MBI total score compared to those in the control
group whereas the results of an analysis in the
experimental group showed no meaningful differ-
ence between the cerebral hemorrhage group and
the cerebral infraction group of both groups. The
results of an analysis of lesion site of stroke in
the experimental group demonstrated that the left
cerebral hemisphere damaged group in the ex-
perimental group showed a meaningful improve-
ment in K-MBI total score compared with the right
cerebral hemisphere damaged group whereas the
control group showed no meaningful difference.
For K-MMSE total score, there was no meaning
difference between the right cerebral hemisphere
damaged group and the left cerebral hemisphere

damaged group of both groups (Table 6).

Correlation between the variation of K-MMSE
and K-MBI before and after the
plementation of CNT.

im-
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The correlation between the variation of
K-MMSE and K-MBI before and after the im-
plementation of CNT was examined. In the ex-
perimental group, statistically meaningful pos-
itive correlation between the variation of K-MMSE
and K-MBI before and after the implementation
of CNT was observed, whereas in the control
group, no statistically meaningful correlation was
observed (Table 7). In the experimental group in
which statistically meaningful correlation was ob-
served, the correlation between the variation of
K-MMSE sub-items and the variation of K-MBI
total score was analyzed. The results demon-
strated that there was meaningful correlation be-
tween the variation of 3 items (i.e. orientation,
and visual re-

registration and language

construction) and the variation of K-MBI total

score (Table 8).

DISCUSSION

Stroke is a major cause of mortality and dis-
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Table 7. Correlation analysis of AK-MMSE and AK-MBI score.

AK-MMSE and AK-MBI score.

Pearson correlation P value
Control Group 0.112 0.381
Experimental Group 0.274 0.030*

*Significance level is p <0.05; AK-MMSE, Change of total K-MMSE score; AK-MBI, Change of total K-MBI

SCore.

ability worldwide, it was reported that the fre-
quency of cognitive and perceptual impairments
in the patients who experienced a stroke more
than 3 months ago vary from 13.6 to 39%, and
up to a third of them develop dementia.'® In the
cognitive rehabilitation, it is critical to evaluate
the patients with cognitive dysfunction in the ear-
ly stage and establish treatment plans by de-
termining the impaired cognitive domains."
Although the effect of CNT is generally agreed,
yet the evidences for treatment are still
disputable. Currently many studies reported the
positive effect of CNT on the cognitive re-
habilitation for brain damaged patients and the
clinical usefulness of CNT is gradually increasing.
It has been known that the improvement of cogni-
tive function in the stroke patients has a positive
effect on the functional recovery.'® Additionally,
it has been reported that the implementation of
CNT leads to the improvement of cognitive
function.”® Therefore, if the improvement of cog-
nitive function can be expected through the im-
plementation of CNT, better functional recovery

can be also expected.

The results of this study demonstrated that only
physical therapy, occupational therapy and drug
therapy for the subacute stroke patients with ac-
companying cognitive impairment resulted in an
improvement in K-MMSE and K-MBI, and if the
therapy is coupled with CNT, better functional
recovery could be expected. Additionally, when
CNT was implemented, with an increase in
K-MMSE score, M-MBI score tended to increase.

According to Kim et al.,”® conventional re-
habilitation coupled with CNT was conducted for
4-6 weeks for the chronic patients who suffered
brain damage for more than 12 months and the
results showed an improvement in short-term ver-
bal memory, short-term visual perception memo-
ry, auditory and visual attention concentration.
Hogarty and Flesher et al. reported in their study
that the mental patients with accompanying cogni-
tive impairment showed a meaningful improve-
ment in attention'” problem solving ability and
social cognition and disability evaluation after the
implementation of “Cognitive Enhancement
Therapy  using CNT for 1 year. Bell et al. also

reported that the partly computerized CNT re-
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Table 8. Correlation analysis of AK-MMSE subsection and AK-MBI total score in experimental group.

AK-MBI Total Score

AOrientat
Orientation Pearson correlation 0.336*
o FP-value 0.007*

A
Registration Pearson correlation 0.268*
. P-value 0.033*

A
Calculation Pearson correlation -0.035
FP-value 0.787

A
Judgement Pearson correlation 0.019
P-value 0.884
ARecall Pearson correlation -0.045
i F-value 0.728

A

Language & Visual Pearson correlation 0.296*
reconstruction Povalue 0.019%

*Significance level is p < 0.05; AK-MMSE, Change of total K-MMSE score; AK-MBI: Change of total
K-MBI score; AOrientation, Change of orientation score; ARegistration, Change of registration score;
Calculation, Change of calculation score; AJudgement, Change of judgement score; ARecall, Change of recall
score; ALanguage & Visual reconstruction, Change of Language & Visual reconstruction score.

sulted in improvements in working memory and
executive function compared to conventional oc-
cupational therapy.'® In this study, in K-MMSE total
score, the experimental group showed statistically
meaningful improvements compared to the con-
trol group, and between the sub-items, a statisti-
cally meaningful improvement was observed in
orientation, judgment, recall, language and visual
reconstruction. It seems that repetitive learning
of language memory, spatiotemporal memory, at-
tention function evaluation, Visuo-motor coordi-
nation, and Visuo-motor cognitive capacity test
helps to increase the score of these areas. When
compared with the study by Hogarty and Flesher
et al., there are similarities in the overall cognitive
function improvements, yet there are differences
in the improved sub-items. In addition, in this
study, the results of a comparative analysis of two

groups and the K-MMSE sub-items improved in
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the experimental group were consistent with those
in the study by Bell et al.

In this study, it was observed that the sub-acute
stroke patients with accompanying cognitive im-
pairment showed higher improvements in K-MBI
total score after the implementation of CNT com-
pared to the control group. Among the sub-items,
higher improvements were observed in 6
sub-items (i.e. personal hygiene, bathing self, toi-
let, dressing, ambulation, chair/bed transfer). The
improvement of the score in the executive func-
tion area including the ambulation in K-MBI is
considered to be an increase of the overall score
of MMSE, and it is thought to be related to CNT
that include spatiotemporal memory, attention
function evaluation, Visuo-motor coordination,
and Visuo-motor cognitive capacity test. Han et
al reported in their study that the results of the

examination of the cognitive condition of the pa-
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tients with cognitive impairment using walking
and MMSE showed that the MMSE total score in-
dicating the overall degree of cognitive area rath-
er than the importance of individual cognitive do-
mains is more clearly associated with walking, and
walking ability may relate to the higher level cog-
nitive functions including executive function.'
Kim et al said in their study that Functional
Ambulatory Category (FAC) indicating the in-
dependent walking level of the stroke patients
when leaving the hospital after receiving re-
habilitation treatment showed the meaningful
amount of correlation with MMSE and MBI, sup-
porting the argument that higher level cognitive
functions relate to walking ability.”’ In this study,
the improvements in the cognitive functions after
the implementation of CNT led to the improve-
ments in the independent life and walking ability
of the patients, yet no improvement was observed
in climbing stairs. This indicates that the im-
provements in cognitive functions have a positive
effect on walking on even ground level, yet it is
not enough for higher level walking (e.g. stair
climbing, etc.). In the studies conducted in the
past, it was said that the brain language center
is located in the left cerebral hemisphere known
to be the dominant hemisphere and verbal
short-term memory is main undertaken by the left
pre-frontal lobe.?* In this study, the left cerebral
hemisphere damaged patients group showed a
meaningful improvement in K-MBI total score af-
ter the implementation of CNT compared to the

right cerebral hemisphere damaged patients

group. This result supports that CNT is more ef-
fective for the left cerebral hemisphere damaged
patients with accompanying impairments in
memory and verbal ability among cognitive
abilities. However, the difference in K-MBI and
K-MMSE between the cerebral hemorrhage group
and the cerebral infarction group for both the ex-
perimental group and the control group, indicat-
ing that the lesion site rather than the causes of
a stroke is more critical in predicting the cognitive
functions and the ability to perform daily
activities. For the limitations of this study, a retro-
spective research method of reviewing medical
records was used, which may lead to a bias, and
this study was a single-center study. Therefore,
in order to obtain more accurate conclusions,
there is the necessity of a large-scale prospective
research which will enable it to obtain a large
amount of information based on the information
from the hospitals in many different areas.
Additionally, the control group did not receive the
additional treatment for the period of cognitive
treatment for the experimental group. If com-
puter related works, which do not relate to other
cognitive functions, are performed for the period
which is the same as the period of CNT treatment,
it is expected to produce better results. For anoth-
er limitation, K-MMSE and K-MBI have the limi-
tations in the evaluation of the performance of
daily activities and only a single evaluation tool
was used. K-MMSE is able to evaluate the cogni-
tive functions comprehensively, but it is hard to

control conditions during test process, which may
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result in errors in scoring and recording, or
K-MMSE may cause the testers who lack experi-
ences to make less objective decisions. K-MBI also
has the limitation in that it evaluates only the abil-
ity to perform daily activities through an interview
with the patients or the guardians so does not
reflect socio-cognitive elements. Therefore, to
supplement the limitations in this study, there is
the necessity of complementary researches using
a wide range of evaluation approaches.

CNT was performed for the subacute stroke pa-
tients with accompanying cognitive impairments.
When compared with the control group, the ex-
perimental group showed improvements in cogni-
tive functions and the abilities to perform daily
activities. These results indicate that the im-
plementation of CNT improves the cognitive func-
tions, which in turn improves the abilities to per-
form daily activities, particularly for the left cere-
bral hemisphere damaged patients. Therefore, ac-
tive CNT treatment for the subacute stroke patients
with accompanying cognitive impairments, partic-
ularly, for the patients with the lesions in the left
cerebral hemisphere, is expected to be able to pro-

duce better functional improvements.
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