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Objective: Assessment of cognitive impairment, which cannot be evaluated with ordinary scales, in multiple sclerosis (MS) has been thought to
be beneficial. MS significantly impairs the quality of life. During an MS attack, using a tool such as the brief international cognitive assessment for
MS (BICAMS) battery, which can be administered quickly and applied and interpreted by individuals without neuropsychology training, provides a
rapid and broad assessment of the patient’s status.

Materials and Methods: The symbol digit modalities test (SDMT), california verbal learning test Il (CVLT l), brief visuospatial memory test-revised
(BVMT-R), and expanded disability status score were applied before treatment, at the end of treatment, and at the first month after treatment to
evaluate mental and cognitive status in the acute period in patients with MS, who met the inclusion criteria.

Results: This study enrolled 49 patients with MS (F/M, 30/19) and 25 healthy controls (F/M, 16/9). The CVLT Il scores were significantly higher
after treatment than at baseline evaluation (p<0.0001). However, no significant difference was observed in data obtained at the end of treatment
and at the first month after treatment (p=0.517). The CVLT Il scores before treatment and at the first month increased in both groups, which was
significantly higher in the MS group than in the control group (p=0.002). In the MS group, a marked increase was found in the number of correctly
drawn figures on the BVMT-R at the end of treatment compared with that drawn before treatment (p<0.0001). Values obtained at the first month
after treatment were significantly higher than those measured before treatment (p<0.0001). In the MS group, the mean numbers of symbols drawn
correctly in 90 s on the SDMT were 42.04+11.73 on the first visit and 45.40+16.32 at the end of treatment, indicating a significant improvement
(p=0.003), and the mean number of symbols drawn correctly at the first month was 48.14+15.03.

Conclusion: This study found that the BICAMS battery was effectively used in the acute period, the short total application period was 15 min, and
a neuropsychologist was not required for application and interpretation. These results suggest the potential application of BICAMS battery in daily
practice.
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all stages from MS onset and in all subtypes, independent of
physical disability, and compromises the therapeutic process
and quality of life.

Introduction

Multiple sclerosis (MS) is a chronic, inflammatory, demyelinating
disease of the central nervous system. The disease course
may be marked by successive periods of worsening and
improvement or by the gradual progression of neurological

Cognitive impairment, which is frequently seen in patients
with MS, that adversely affected the therapeutic process and

findings. Manifestations that last at least 24 h, with at least 1
month between these and another episode, and producing
one or more clinical findings are defined as attacks. Intravenous
methylprednisolone (IVMP) is widely used in the treatment of
MS attacks. Cognitive impairment is a manifestation seen in

quality of life of the patient has recently attracted considerable
interest and has become the main focus of several studies.
Rates of cognitive impairment in MS are as high as 43%-70% (1),
and cognitive impairment is seen in all MS subtypes regardless
of physical disability. Cognitive impairment associated with
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the duration and course of MS and the patient’s education
level can be observed at all stages from disease onset (2,3).
Cognitive functions that are particularly affected in patients
with MS include the effectiveness and speed of information
processing, executive functions, and long-term memory. Simple
attention and verbal skills tend to be generally preserved in the
subsequent stages of the disease.

The expanded disability status scale (EDSS) is frequently
employed to determine disability levels in MS, but it is not
sufficient for the assessment of cognitive status. Comprehensive
neuropsychological evaluations, such as the brief repeatable
battery neuropsychological tests and minimal assessment
of cognitive function in multiple sclerosis, are useful in the
assessment of cognitive impairment (4). However, these have
limitations, such as being time-consuming and requiring
experienced neuropsychologists for interpretation. Thus, in
recent years, there has been a particular focus on practical
alternatives for determining cognitive impairment in patients
with MS, resulting in the development of the brief international
cognitive assessment for MS (BICAMS) battery. The BICAMS
battery consists of the symbol digit modalities test (SDMT),
california verbal learning test Il (CVLT Il), and brief visuospatial
memory test-revised. The battery possesses significant
advantages, such as short application time (mean 15-20 min)
and administration and interpretation by individuals without
neuropsychological training (5-9).

The primary aim of this study was to investigate the presence
of cognitive impairment during MS attack using the BICAMS
battery. The secondary aim was to evaluate the feasibility of
the BICAMS battery in evaluating response to treatment in the
attack period of MS based on early and late period cognitive
functions.

Materials and Methods

Patient Enrolment

This study included patients diagnosed with MS according to
McDonald 2017 criteria(9), diagnosed with relapse, and planned
for IVMP treatment. Patients were informed that evaluations
would be conducted before attack treatment, at the end of
treatment, and 1 month after treatment. Written consent was
obtained from patients agreeing to participate in the study.
Healthy volunteers who met the inclusion criteria were enrolled
as the control group. In the MS group, patients aged 18-55 years
who had a definite clinical diagnosis of MS [relapsing-remitting
MS (RRMS) or secondary progressive MS (SPMS)], who was in the
attack period, who had no more than 2 weeks of relapse since
the onset of the current attack, who had sufficient cognitive
ability to provide information about histories, and who had
signed informed consent forms were included. Individuals with
sufficient cognitive levels for providing information about their
histories and who had signed informed consent forms were
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enrolled as the control group. Patients who used drugs that
can affect clinical evaluation (antipsychotic use or continuous
corticosteroid use including the previous 1-month period), who
had neurological diseases that can affect clinical assessment,
who had any other neurological and/or psychiatric disease that
can affect the results of the cognitive tests were excluded. Ethics
approval was obtained from the local ethics committee. All
procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical
standards.

Procedure

In the MS group, neurological examinations with the EDSS
were performed before treatment, end of treatment, and after
1 month of treatment, including the SDMT, CVLT I, and BVMT-R
tests. In the control group, the SDMT, CVLT I, and BVMT-R tests
were applied at baseline and after 2 weeks. Patients in the
study group were followed up for 1 month. The tests were
administered to the patients before IP therapy, at the end of
treatment (on day 5, 7, or 10, depending on the response to
treatment), and after 1 month. Tests were performed before
IVMP therapy and at 14:00 hours at the latest so that fatigue
developing over the day will not affect the cognitive tests.

Statistical Analysis

Statistical analyses were performed on SPSS 16.0 software for
Windows. In addition to descriptive statistical methods (mean,
standard deviation, and frequency), the chi-square test was
used to compare rates in categorical variables, and the p value
calculated for the Fisher test was adopted where necessary.
The non-parametric Mann-Whitney U test was applied in the
comparison of two non-normally distributed independent
variables and Wilcoxon's test was performed for the means of
two dependent groups. Spearman’s correlation analysis was
applied to determine the direction and level of correlation
between variables, and p values <0.05 were regarded as
significant for all results.

Results

This study included 49 patients with MS (F/M, 30/19) and 25
healthy controls (F/M, 16/9). No significant difference was
observed between the two groups in terms of gender or
education levels (p=0.51 and p=0.07, respectively). The median
age of the MS group was 37 [mean age, 36414837 (21-51)]
years. The median age of the control group was 38 [mean age,
37.40+9.58 (20-55)] years, and no significant differences were
observed between the groups (p=0.50). In the MS group, the
mean EDSS scores were 3.77+1.35 (2-6.5) before treatment,
2574121 (1-5) at the end of treatment, and 2.12+1.20 (0-
4.5) at the first month after treatment. The EDSS scores at the
first month were significantly lower than the pre- and post-
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treatment values (p<0.0001 and p<0.0001, respectively).
Significantimprovement was also noted in the EDSS scores after
treatment compared with those before treatment (p<0.0001).

Regarding cognitive functions, verbal memory in the MS group
was assessed using the CVLT. Accordingly, the mean numbers
of words recalled correctly were 49.90+11.46 before treatment,
56.84+11.91 after treatment, and 57.69+10.79 at the first month
after treatment. No significant difference was determined
between pre- and post-treatment values, but the difference
between post-treatment and first-month values was significant
(p<0.0001 and p=0.517, respectively). In the control group,
the mean numbers of words recalled correctly were 53.96+9.4
at the first visit and 55.96+9.67 at the first month, showing a
significant difference (p<0.0001). No significant difference was
observed when the MS group was compared with the control
group at either the first visit or the first month (p=0.17 and
p=0.337, respectively) (Table 1). Comparison of the change in
first-month CVLT scores compared with pretreatment values
revealed an increase in both groups, but this increase was
significantly higher in the MS group than in the control group
(p=0.002).

The number of correctly drawn figures on the BYMT-R was
calculated at all three time points. In the MS group, the mean
numbers of correctly drawn figures were 20.59+841 before
treatment, 25.59+8.97 after treatment, and 26.46+9.09 at the
first month after treatment. A significant increase in numbers of
correctly drawn figures was observed after treatment compared
with that before treatment (p<0.0001). First-month values
were significantly higher than pretreatment values (p<0.0001),
but no significant difference was found when compared with
post-treatment numbers (p=0.10). In the control group, the
mean numbers of correctly drawn figures in the first visit were
26.80+3.55, and the difference between the MS and control
groups was significant (p=0.001). Moreover, in the control group,
the mean numbers of correctly drawn figures at the first month
was 27.96+2.92, and no significant difference was determined
between the MS and control groups in terms of the numbers
of correctly drawn figures on the BVMT-R at all three time
points (p=0.50) (Table 2). Comparison of the mean numbers
of correctly drawn figures revealed a significant difference
between the first visit and end of the first month on all three

Table 1. Total number of correctly recalled words in CVLT
before and after treatment and at the first month

MS group Control group

(mean + SD) (mean + SD)
Pretreatment 49.90+11.46 53.96+9.4 0.17
Post-treatment 56.84+11.91 - -
First month 57.69+£10.79 55.96+9.67 0.337

CVLT: California verbal learning test, MS: Multiple sclerosis, SD: Standard
deviation
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BVMT-R trials (p=0.001). Comparison of changes in pretreatment
and first-month BVMT-R scores revealed an increase in scores in
both groups, but the change was significantly greater in the MS
group than in the control group (p=0.005) (Figure 1).

In the MS group, the mean numbers of figures drawn correctly
within 90 s on the SDMT were 42.04+11.73 at the first
pretreatment visit and 45.40+16.32 after treatment, indicating
significant improvement compared with the pretreatment
period (p=0.003). Moreover, the mean number of correctly
drawn figures on the first month was 48.14+15.03, which was
significantly higher than both the pretreatment (p<0.0001)
and post-treatment (p=0.005) values. In the control group, the
mean number of correctly drawn figures on the SDMT within
90 s at the first visit was 47.56+8.76, which was not significantly
different from the value in the MS group (p=0.055). In the
control group, the number of correctly drawn figures at the
first month was 49.24+9.06, which was also not significantly
different from the first visit value (p=0.08) (Table 3). Moreover,
the mean numbers of correctly drawn figures at the first visit
and the first month were not significantly different (p=0.001)
(Figure 2). Comparison of changes in pretreatment and first-
month SDMT scores revealed an increase in both groups, but
the increase was significantly greater in the MS group than in
the control group (p=0.001).

Degrees of correlation between EDSS scores and results of
cognitive tests applied were then examined. A weak correlation
was found between CVLT Il and EDSS before treatment, at the end

Table 2. Total numbers of correctly drawn figures on the
BVMT-R before and after treatment and at the first month
MS group Control group
(mean % SD) (mean + SD)
Pretreatment 20.59+8.41 26.80+3.55 0.001
Post-treatment | 25.59+8.97 - -
First 2646+9.09 | 27.96+2.92 0.50
month

BVMT-R: Brief visuospatial memory test-revised, MS: Multiple sclerosis, SD:
Standard deviation

30
27,96
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) | /6,46 MS group
20

20,59

15

10

Pre-treatment at first month

Figure 1. Changes in first-month BVMT-R scores compared to
pre-treatment in the MS group

BVMT-R: Brief visuospatial memory test-revised, MS: Multiple
sclerosis
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Table 3. Numbers of correctly drawn figures within 90 s on
the SDMT before treatment, after treatment, and at the first
month after treatment

MS group Control group

(mean £SD) (mean £ SD)
Pretreatment 42.04+£11.73 | 47.56+8.76 0.055
Post-treatment 45.40+16.32 | - -
First month 48.14+£15.03 | 49.24+9.06 0.08

SDMT: Symbol digit modalities test, MS: Multiple sclerosis, SD: Standard
deviation

50
45
Control
0 ' ontrol group

35 MS group

Pre-treatment  post-treatment  at first month

Figure 2. A comparison of the mean numbers of correctly drawn
figures in 90 sec on the SDMT before and after treatment and at
the first month in the MS and control groups

SDMT: Symbol digit modalities test, MS: Multiple sclerosis

of treatment, and at the first month after treatment (rho=-0.165,
rho=-0.264, and rho=-0.245, respectively). BVMT-R and SDMT
were found to be moderately correlated with EDSS at all three
evaluations (Table 4). In the MS group, analysis of correlations
among the cognitive tests revealed a good correlation between
CVLT and SDMT before treatment and a moderate correlation
between CVLT and BVMT-R and between BVMT-R and SDMT
(rho=0.519, rho=0407, and rho=0421, respectively). At the
end of treatment, a good correlation was noted between CVLT
and BVMT-R, between CVLT and SDMT, and between BVMT-R
and SDMT (rho=0.624, rho=0.551, and rho=0.494, respectively).
These good degrees of correlation also persisted at the first
month (rho=0.625, rho=0.476, and rho=0.618, respectively).

Table 4. Correlation between cognitive tests and the EDSS
before treatment, after treatment, and at the first month
after treatment in the MS group
Pretreatment  Post-treatment  First month
(rho value) (rho value) (rho value)
EDSS and
CVLT-II -0.165 -0.264 -0.245
EDSS and
BVMT-R -0.319 -0.307 -0.285
EDSS and
SDMT -0.366 -0.443 -0.474

SDMT: Symbol digit modalities test, BYMT-R: Brief visuospatial memory test-
revised, CVLT: California verbal learning test Il, MS: Multiple sclerosis
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Discussion

Although individuals with MS present with highly diverse
clinical manifestations, initial presentations are generally
physical manifestations. Conditions that affect patients from
the cognitive perspective are very rarely the reasons for the
first presentation. Cognitive impairment is one of the factors,
in addition to physical disability, that adversely and significantly
affects the treatment process and quality of life of patients
with MS. The identification and correction of these cognitive
problems are also important in improving the quality of life by
contributing to the therapeutic process.

The BICAMS battery consists of three tests evaluating different
cognitive areas, namely, CVLT Il, BYMT-R, and SDMT. CVLT Il
assesses verbal learning, verbal memory, and immediate recall.
BVMT-R evaluates visual-spatial learning and memory, and the
SDMT assesses working memory, visual scanning, and rapid data
processing (6). Baetge et al. (10) reported that the both of SDMT
and BVMT-R were the most sensitive to cognitive impairment
and the two test combinations showed the strongest
agreement with the total battery. Studies recommending the
use of the BICAMS battery are ongoing, although few studies
have used the cognitive batteries in patients with MS in the
attack period (11). In the present study, the cognitive functions
of patients with MS were evaluated using the BICAMS battery
before treatment, during treatment, and at the first month after
treatment and were compared with those of healthy controls.

In the MS group, the number of words correctly recalled during
the CVLT testincreased significantly at the end of treatment and
in the first month after treatment compared with that at baseline,
although no significant difference was observed between the
end-of-treatment and first-month values. This finding suggested
that, in addition to improving physical symptoms, pulse therapy
for an MS attack leads to improvement in cognitive state and
that this improvement persists for an extended time after the
attack period. A significant difference was also determined
between the first-visit and first-month visit values in the control
group. This can be attributed to the learning effect observed
in the majority of cognitive tests. Comparison of the MS and
control groups at the first visit and first-month visit revealed no
significant difference between the two groups in either period.
However, the significantly greater change at the first month
compared with pretreatment in the MS group compared with
thatin the control group shows that the attack treatment in MS,
rather than the learning effect, had affected the cognitive state.

In the MS group, the mean number of figures drawn correctly
within 90 s on the SDMT test revealed significant improvement
at the end of treatment and the first month compared with
pretreatment values. While a significant difference was
observed between pretreatment and first-month values in the
MS group, a significant difference was also determined in the
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post-treatment and first-month values, suggesting that the
improvement in the cognitive status commences in the early
period and persists at the first month. Comparison of the MS
group with the control group in terms of the mean numbers of
correctly drawn figures within 90 s on the SDMT test at the first
visit and at the first month revealed no significant difference.
Similar to CVLT scores, the difference between pretreatment
and first-month values was significantly greater in the MS group
than in the control group. Moreover, similar to the CVLT, the
SDMT can be used to evaluate the effectiveness of treatment.
In agreement with other studies, this shows that the SDMT is a
sensitive test of cognitive dysfunction (12,13).

As regards the numbers of figures correctly drawn by the study
group at each of the three trials on the BVMT-R, significant
improvement was observed in the MS group after treatment
and at the first-month compared with pretreatment levels.
The significant difference with the control group before
treatment suggests that the presence of cognitive impairment
during an MS attack can be shown using this easily applied
and understood test and that it may be more sensitive than
the other two tests. As with SDMT and CVLT, the difference
between pretreatment and fist-month values on the BVMT-R
in the MS group was significantly higher than in the control
group. This difference revealed by the three tests shows that
cognitive areas such as information processing, verbal learning,
and visuospatial perception are affected during MS attack and
that some degrees of improvement occur with corticosteroid
therapy. These findings are compatible with the results of a
previous study that evaluates the use of the MSFC in the attack
period of MS (14). Although the paced auditory serial addition
test (PASAT) successfully shows the effectiveness of a treatment,
these two similar studies show that the tests used in the present
study can be employed instead of PASAT, which is relatively more
difficult to apply and requires equipment. In addition, the use of
SDMT has previously been recommended instead of PASAT on
the MSFC, and our findings confirm the idea that SDMT can be
effectively employed instead of PASAT in the attack period (15).

The present study also investigated whether EDSS, which is the
most commonly used test for evaluating physical disability, but
is notinsufficientin the cognitive sphere, is associated with other
cognitive tests. A moderate correlation was found between the
EDSS and the BVMT-R and SDMT in the attack period, at the
end of treatment, and at the first month after treatment, but
the weak correlation observed with the CVLT Il suggested that
BVMT-R and SDMT are more sensitive in evaluating treatment
response during attack and follow-up. A moderate or good
correlation between the three cognitive tests in the attack
period, after treatment, and at the first month after treatment is
important in emphasizing the use of these scales in the attack
period of MS in evaluating three different areas and providing
detailed information about cognitive functions.
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In 2018, Giedraitiene et al. (16) applied the BICAMS battery to
patients with RRMS and stable MS and in healthy controls. Similar
to the present study, the results of the SDMT, BYMT-R, and CVLT
Il test were worse in the MS group than in the control group.
Patients with RRMS registered lower scores than those with stable
MS on the SDMT, while no significant difference was observed
between the RRMS and stable MS groups on the other tests.

Study Limitations

In this study, the small number of patients was considered
the most important limitation. Moreover, the addition of MRI
parameters could help explain the paradox often mentioned in
MS. The relatively low patient number in this study suggested
that the difference in all cognitive tests might be low in the
healthy control group. Further longitudinal studies evaluating
cognitive functions in MS in both attack and remission periods
will provide greater detail about such functions. When cognitive
impairment is recognized as one of the most important
parameters, showing the feasibility of the BICAMS battery in
following response to attack treatment in patients with MS will
encourage its wider application. All tests in the battery were
easily understood by the patients, and no difficulties were
encountered during application. Significant advantages also
emerged, such as a total length of application as short as 15
min, and no neuropsychologist is required during application or
interpretation. Comparison with the control group results shows
the presence of cognitive impairment during the attack period.
This study represents concrete evidence of an assumption that
has long been held, but of which there has been little proof
until now.

Conclusion

Cognitive involvement occurs in patients in the attack period of
MS, and this is associated with widespread cerebral impairment
in the attack period.
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