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ABSTRACT. Cognitive Impairment (CI) is a common and distressing problem in Multiple Sclerosis (MS). Its identification is 

complicated and sometimes omitted in the routine evaluation by neurologists. The BICAMS (Brief International Cognitive 

Assessment for Multiple Sclerosis) is a promising tool to overcome this difficulty. However, there is some concern regarding 

the subjectivity in scoring of the BVMT-R (Brief Visuospatial Memory Test – Revised), one of its components. Objective: 
To evaluate the reliability of the BVMT-R in a sample of Brazilian MS patients, with the measure being administered and 

scored by neurologists. Methods: BICAMS was applied to seventy subjects comprising forty patients diagnosed with MS 

and thirty healthy controls. In the MS patients group, the coefficients of agreement between three different raters, using 

the same protocols, and the internal consistency of the BVMT-R were assessed. Also, the coefficients of correlation of the 

BVMT-R with the other tests of the BICAMS, CVLT II (California Verbal Learning Test II) and SDMT (Symbol Digit Modalities 

Test), and their respective effect sizes were calculated. Results: the BVMT-R presented a moderate inter-rater coefficient of 

agreement (k=0.62), an excellent Intraclass Correlation Coefficient (ICC=0.85), and high internal consistency (α=0.92). The 

correlation between the BVMT-R and CVLT II was moderate (ρ=0.36; p<0.025), but strong with the SDMT (ρ=0.60; p<0.01), 

with a large effect size. Conclusion: The BVMT-R is a reliable instrument for assessing CI in patients with MS, having a 

significant association with information processing speed, an aspect which should be considered when evaluating its score.
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A CONFIABILIDADE DO TESTE BREVE DE MEMÓRIA VISOESPACIAL – REVISADO (BVMT-R) EM PACIENTES BRASILEIROS 

PORTADORES DE ESCLEROSE MÚLTIPLA

RESUMO. O declínio cognitivo (DC) é um problema comum na esclerose múltipla (EM), mas sua identificação é complexa, por 

vezes sendo omitida na avaliação de rotina pelos neurologistas. O BICAMS é uma bateria breve de testes neuropsicológicos 

que visa superar tais dificuldades. No entanto, uma possível subjetividade no sistema de pontuação do BVMT-R, um dos seus 

componentes, é um ponto frágil desta ferramenta. Objetivo: Avaliar a confiabilidade do BVMT-R em pacientes portadores de 

EM, aplicado e aferido por neurologistas. Métodos: Os testes do BICAMS foram administrados a setenta indivíduos, quarenta 

pacientes portadores de EM e trinta controles saudáveis. No grupo de pacientes com EM foram calculados os coeficientes de 

concordância dos resultados entre três diferentes avaliadores e a consistência interna do BVMT-R. Também foram calculados 

os coeficientes de correlação do BVMT-R com os demais testes componentes do BICAMS e seus respectivos tamanhos de 

efeito. Resultados: O BVMT-R apresentou um coeficiente de concordância entre examinadores moderado (k=0,62), um 

excelente Coeficiente de Correlação Intraclasse (ICC=0,85) e uma alta consistência interna (α=0,92). A correlação entre 

o BVMT-R foi moderada (CVLT II: ρ=0,36; p<0,025) ou forte (SDMT: ρ=0,60; p<0,01), com grande tamanho de efeito. 

Conclusão: O BVMT-R é um instrumento confiável para avaliar o DC na EM, apresentando uma associação significativa 

com a velocidade de processamento da informação, o que deve ser considerado na interpretação de seus resultados.

Palavras-chave: BVMT-R, BICAMS, esclerose múltipla, cognição, validade, confiabilidade.
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Multiple sclerosis (MS) is the most common inflam-
matory disease of the Central Nervous System 

(CNS) among young adults of working age.1,2 MS can 
affect cognition very early,3,4 is usually progressive, and 
negatively impacts quality of life.5 The prevalence of 
Cognitive Impairment (CI) in MS ranges widely, from 
40 to 70%,3,6 with similar rates found in Brazil.7,8 

The most frequently affected cognitive domains 
include memory, information processing speed, visuo-
spatial perception and attention.4 CI is one of the 
most important causal factors in poor adherence to 
treatment, unemployment, failures in rehabilitation, 
decrease in physical independence, social isolation, 
unsafe driving and changes in marital status of MS 
patients.9-11 CI is sometimes omitted in the routine 
evaluation of MS because the cognitive assessment still 
uses complex tests, demands a large series of sessions 
and requires a high investment.12 In addition, identify-
ing CI may be difficult even for experts and some studies 
have demonstrated a low accuracy in its diagnosis.13 

The undefined cut-off points and the large number 
of different Neuropsychological Tests (NPTs) used may 
preclude the uniformity of CI diagnosis.14 Patients with 
MS may have a metacognition deficit and do not recog-
nize their own cognitive limitations, or confuse it with 
common problems in MS, such as depression or fatigue, 
and consequently do not report their complaints regard-
ing CI in the routine evaluation. On the other hand, the 
cognitive changes of MS are usually more subtle than 
those found in other neurological conditions, such as the 
major neurocognitive disorders or vascular disease.10,13,14

The BICAMS (Brief International Cognitive Assess-
ment for Multiple Sclerosis) is a short battery of NPTs 
that attempts to overcome these problems. It is a brief 
cognitive assessment tool, applicable in daily clinical 
practice, within the restricted time of a routine visit, 
with good sensitivity and specificity for screening and 
follow-up of CI in MS.5,6,9,15 The BICAMS can be used by 
any health professional, not requiring specialist train-
ing,10 and was recently validated in Brazil.16 The compo-
nents of the BICAMS are: (1) the SDMT (Symbol Digit 
Modalities Test), which evaluates information process-
ing speed and visual working memory, (2) the CVLT-II 
(California Verbal Learning Test II; only the first five 
recall trials, without the delayed trial), which is a verbal 
learning and memory test, and (3) the BVMT-R (Brief 
Visuospatial Memory Test – Revised; only the first three 
trials, without the delayed trial) to assess visuospatial 
learning and memory.5,9,15

Although the BICAMS is a promising tool, there is 
some criticism about its full utilization. The battery does 

not assess the executive functions, and the performance 
of subjects can be reduced by the physical disability 
caused by MS, low level of education, aging, use and/
or abuse of psychoactive substances, and the presence 
of severe untreated anxiety or depression.3,9 Moreover, 
the presence of potential subjectivity in scoring of the 
BVMT-R, which does not occur in the other BICAMS 
tests, could lead to a variation between raters and gen-
erates a bias in determination of visuospatial memory 
impairment.3 The BVMT-R, whose psychometric prop-
erties were extensively studied and validated, including 
in Brazil,17 has a scoring system that may induce errors, 
with misinterpretation and inconsistencies in rating of 
location, rotation and preservation failures in the recon-
structed images, which can affects the overall results.3,18

We explored the clinimetric and psychometric prop-
erties of the BVMT-R, particularly its reliability when 
used by people working daily in MS patient care, but 
without previous training on its application or the 
expertise of a specialist neuropsychologist.

METHODS
Participants
Forty (40) subjects with Relapsing-Remitting type MS, 
as defined by the McDonald Criteria 2010,19 forming 
the MS Group, and thirty (30) healthy controls selected 
from the local community, forming the HC Group, were 
included in this study. All subjects in both groups were 
older than 18 years and provided an informed consent 
form. The subjects in the MS Group were selected from 
the sample of a previously performed study, following 
approval of the local research ethics committee.7 

Exclusion criteria were: (a) clinical conditions besides 
MS affecting CNS; (b) previously diagnosed cognitive 
disabilities secondary to conditions other than MS; (c) 
any prior impairment secondary to MS which precluded 
the application of the NPTs; (d) psychiatric illness, pre-
vious or developing, being treated or otherwise; (e) 
abuse of alcohol or other psychoactive substances; (f) 
MS attack treated with corticosteroids at high doses in 
the last six weeks; (g) Beck Depression Inventory ≥29 
points, and/or Beck Anxiety Inventory ≥30 points per-
formed by patients in HC group; and (h) Mini-Mental 
State Examination ≤25 points performed by patients in 
HC group older than 55 years.

Evaluation tools and procedures
Patients with MS included were evaluated at regular 
visits and all NPTs of the BICAMS were applied indi-
vidually by a senior neurologist (MAGC=E1). Matrices 
containing the drawings of the first three trials of the 
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BVMT-R for each MS patient were later evaluated by 
two other researchers (DLMC=E2 and NSM=E3), resi-
dent doctors in Neurology program of Moinhos de 
Vento Hospital, Porto Alegre, RS, Brazil. 

The application of the BICAMS and scoring of the 
BVMT-R were performed in accordance with instruc-
tions previously described in the literature,5,6,9,15 and 
the examiners did not undergo any previous practical 
training. The researchers provided their scores for the 
trials of the BVMT-R blinded to the clinical status of 
MS patients, patient performance on other NPTs of the 
BICAMS, and the scores provided by the other exam-
iners. Only the E1 researcher applied the BICAMS to 
subjects in the HC group.

Data analysis
The Shapiro-Wilk normality distribution test and a 
Dixon test to evaluate the presence of extreme values   
(outliers) were performed for all the variables, which 
were provided by the raw scores of the NPTs. The differ-
ences between the mean scores of MS and HC Groups 
were evaluated by the Mann-Whitney test, t-Test or 
Chi-square test, as required. For the analysis of demo-
graphic data and clinical characteristics, the descriptive 
measures were expressed as N, means, standard devia-
tions (sd) and percentages.

The Correlation Coefficients20 were calculated 
between: (1) the BVMT-R and SDMT of the MS Group, 
to check for a possible association between information 
processing speed and visuospatial learning memory; (2) 
the BVMT-R and CVLT II of the MS Group, checking 
the convergence validity; and (3) BVMT-R and Age, and 
BVMT-R and Level of Education of individuals in the 
MS Group. The confidence intervals (95% CI) of the Cor-
relation Coefficients were calculated by the bootstrap 
resampling method, in the percentile mode. A regres-
sion analysis was performed between: (a) BVMT-R and 
SDMT, and (b) BVMT-R and CVLT II; controlling for Age 
and Level of Education. The Breusch-Pagan test was per-
formed for homoscedasticity and the Durbin-Watson 
test assessed the presence of autocorrelation. 

The Kappa (k) Concordance Coefficient21 was calcu-
lated to estimate the level of inter-rater agreement in 
ratings of the drawings (D1 to D6) for each of the first 
three trials (T1 to T3) of the BVMT-R performed by the 
MS patient group. We also calculated the Intraclass (ICC) 
Correlation Coefficient20 corresponding to scores of T1, 
T2 and T3, and to the overall scores of BVMT-R in the 
MS group. The internal consistency of the BVMT-R was 
evaluated by calculating the Cronbach Coefficient of 
Homogeneity (α).22 On the measurement of the Corre-

lation Coefficients, only the scores by E1 were used, but 
in the calculation of K, ICC and α the scores provided by 
the E1, E2 and E3 examiners were used.

Finally, effect sizes were estimated: (1) η2 for the 
difference between the BVMT-R scores of MS and HC 
Groups; (2) Cohen’s q for the difference between the 
Correlation Coefficients MS group of BVMT-R × SDMT 
and BVMT-R × CVLT II; of BVMT-R × SDMT and BVMT-
R × Age; and of BVMT-R × SDMT and BVMT-R × Edu-
cation Level. Statistical significance was set at a value 
of p<.05 and statistical analyses were performed using 
Stata™14.1 Copyright© 1985-2015, StataCorp LP, Sta-
tistics/Data Analysis StataCorp®, 4905 Lakeway Drive, 
College Station, Texas 77845 USA, available for free use 
at http://www.stata.com, accessed from June 26 to July 
26, 2016.

RESULTS
The Shapiro-Wilk test indicated a non-normal distribu-
tion of BVMT-R in both groups of subjects, and thus the 
Spearman coefficient (ρ) was used for the assessment of 
Correlation Coefficients. The Dixon test did not indicate 
the presence of significant outliers in the variables of 
the study. The demographic features and mean scores of 
the NPTs of the BICAMS are presented in Table 1.

The MS group showed a moderate and statistically 
significant correlation between the BVMT-R and CVLT II 
(ρ=0.36; 95% C.I.=0.05 to 0.59; p<0.025), and a strong, 
highly significant correlation between the BVMT-R and 
SDMT (ρ=0.60; 95% C.I.=0.35 to 0.76; p<0.01). We 
found no significant correlations between the BVMT-R 
and Age (ρ= –0.17; p>0.25) or between the BVMT-R and 
Education Level (ρ=0.05; p>0.70). The HC group also 
showed no significant results for these correlations. The 
BVMT-R identified CI, defined by 1.5 Sd below the mean 
scores of the HC group, in 22.5% of MS patients.

Autocorrelation was not detected among the ana-
lyzed variables, but there was heteroskedasticity in its 
residuals. In an attempt to correct this distortion, these 
variables underwent a Cox-Box transformation. After 
this procedure, a regression analysis between BVMT-
R and SDMT showed that an increase of 2.5 points on 
the SDMT would generate an increase of 1 point on the 
BVMT-R (Figure 1), and around 45% of the variation 
of the BVMT-R could be attributable to variations in 
the SDMT score (p<0.05). The same analysis performed 
between the BVMT-R and CVLT II demonstrated that an 
increase of 3 points on the CVLT II would implicate an 
addition of 1 point on the BVMT-R (Figure 2), however, 
only 14% of the variation in BVMT-R scores could be 
explained by the CVLT II scores.
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Figure 1. Regression BVMT-R × SDMT.

Figure 2. Regression BVMT-R × CVLT.

Table 1. Demographic data of sample and BVMT-R results.

Group Healthy control (n=30) Multiple sclerosis (n=40) p value

Age (years)* 40.03 (18-74) 42.67 (21 – 67) .18NS

Education level* (1)£ n=4 (13.3%)  (1) n=6 (15%) –

(2)& n=8 (26.6%) (2) n=13(32.5%) –

(3)¶ n=11(36.6%)  (3) n=14(35%) –

 (4)¥n=7 (23.3%)  (4) n=7 (17.5%) –

Gender (F:M)** 8 (26.6%): 22 (73,3%) 11 (27.5%): 29 (72.5%) .93NS

BVMT-R - Mean (Sd)* 26.3 (6.83)  22.57 (7.48)  .04

SDMT - Mean (Sd)*** 56.7(15.39) 48.1(18.5)  .04

CVLT II - Mean (Sd)* 49.2(8.94)  48.65(8.71) .26NS

EDSS - Mean (Sd) – 3.44(1.28) –

*Mann-Whitney Test; **Chi-Square Test; ***t-Test ; £ ≤8; & > 8-11; ¶ > 11-18; ¥ > 18 years of education; NS: not significant.

The k coefficient of agreement between raters of the 
first three trials of the BVMT-R had a mean value of 0.62 
(Table 2), indicative of good clinically acceptable agree-
ment. Only one figure, the D2 of T3, showed a weak 
agreement. This particular result was probably com-
promised by a common problem related to the Kappa 
Statistic, a distortion known as prevalence bias.21 The 
ICC indicated excellent agreement between the examin-
ers for total scores of each trial and for overall BVMT-R 
scores (Table 3). The MS group had a very good α Cron-
bach coefficient of 0.92 (95% C.I.=0.89 to 0.94) and the 
HC group had a good coefficient of 0.75 (95% C.I.=0.66 
to 0.83), both indicative of satisfactory reliability by the 
method of internal consistency.

In order to calculate the effect size on the differences 
of BVMT-R averages between the MS and HC groups, we 
calculated η2, which was 0.059, representing a moder-
ate effect size. Converting this rating to Cohen’s d effect 
size, the index would be 0.51 (95% C.I.=- 0.03 to 0.99), 
also indicating a moderate effect size, with a Cohen U3 
index of 69.3, and a probability of superiority (probabil-
ity of any component of the HC group having a greater 
score than any component of the MS group) of 64%. 
The Cohen’s q effect size (used for Correlation Coeffi-
cients) in the differences between the coefficients ρ of 
the correlation BVMT-R X SDMT compared to BVMT-R 
x Age was 0.86; and of the correlation BVMT-R x SDMT 
compared to BVMT-R x Education Level was 0.63, both 
indicative of a large index. The Cohen’s q effect size for 
the differences between the coefficient ρ of BVMT-R x 
CVLT II compared to the BVMT-R x Age was 0.55, and 
of BVMT-R x CVLT II compared to BVMT-R x Education 
Level, was 0.32, both considered median effects.
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DISCUSSION
The mean overall score of the BVMT-R in the MS group 
in this study was 22.5, similar to the value of 21.5 
reported in the literature.6,16,18,23-35 The percentage of 
22.5% of CI identified by the BVMT-R in our sample 
was lower than the average of 34% reported in previous 
studies.6,23,30,32,35 This lower rate is possibly due to a 
smaller total proportion of CI patients among the MS 
patients in our sample, of only 30%, when compared 
to the cited studies, in which the mean rate of CI was 
56.5%. 

As in several previous publications, this study 
showed a significant difference between the mean score 
of the BVMT-R obtained for the HC and MS groups, sug-
gesting the criterion or discriminant validity of BVMT-R 
in this setting.6,23,34,35 The effect size of Cohen’s d=0.51 
in this difference was extremely close to the mean index 
of 0.55 reported in the literature.16,29,31,34 The significant 
correlation BVMT-R x CVLT II may indicate the conver-
gent validity of BVMT-R and the significant ρ coefficient 
of this correlation is consistent with previous publica-
tions, supporting the notion that the BVMT-R is a valid 
tool for assessing visuospatial memory, even when using 
only its learning trials.16,28 In general, as observed in our 
results, the BVMT-R validity data found previously are 
replicated in Brazil.

The strong association between the BVTM-R and the 
SDMT in our study points to an influence of information 
processing speed in the visuospatial memory. This find-
ing is reinforced in the regression analysis between these 
variables, with a great impact of the SDMT scores on the 
variation of BVMT-R. This is a naturally expected result, 
as the BVMT-R learning trials are timed, and thus, good 
performance depends on processing speed. This impact 
did not occur in the regression analysis between the 
BVMT-R and Age or Level of Education, showing that 
the influence of these variables on the BVMT-R is much 
smaller than processing speed. Besides that, the higher 
effect sizes indicated by the Cohen q index in the Cor-

relation Coefficients of the BVMT-R x SDMT compared 
to the coefficients of correlation of the BVMT-R x Age, 
and BVMT-R x Level of Education, reinforces the impor-
tant association of processing information speed and 
the BVMT-R detected in regression analysis.

It would be possible to attribute part of the sensitiv-
ity of the BVMT-R in distinguishing MS patients from 
normal controls by the marked slowness of processing of 
information in these patients, since it is not uncommon 
for MS patients to experience slowed processing speed. 
Some authors consider the exposure time of 10 seconds 
to the matrix of figures of the BVMT-R too short, or 
the inclusion of six different figures for reproduction to 
be excessive.36 A bad performance on the BVMT-R may 
denote not only a visuospatial memory impairment, but 
also slower information processing speed. Perhaps the 
application of some correction ratios to BVMT-R results 
could offset the losses in information processing speed 
among MS patients.

Notably, the correlation between the BVMT-R and 
Age in the MS group was weak. This is in discordance with 
several previous publications in which this association 
was strong.5,16,23,25,28,33 However, in other studies this cor-
relation was low, as found in the present study.36,37 Our 
negative result in this association again reinforces the 
influence of information processing speed on BVMT-R.  

Table 2. Kappa Coefficients of Trials T1 to T3 of Drawings D1 to D6 of BVMT-R.

Trial

Drawing

D1 D2 D3 D4 D5 D6 Mean

T1* 0.61 (0.48-0.75) 0.50 (0.37-0.64) 0.78 (0.65-0.91) 0.84 (0.68-1) 0.55 (0.42-0.69) 0.58 (0.43-0.73) 0.64 (0.50-0.78)

T2* 0.61 (0.47-0.75) 0.50 (0.36-0.64) 0.66 (0.52-0.88) 0.77 (0.63-0.90) 0.57 (0.44-0.70) 0.70 (0.57-0.83) 0.63 (0.49-0.78)

T3* 0.78 (0.61-0.95) 0.23 (0.06-0.41)** 0.65 (0.51-0.80) 0.75 (0.61-0.88) 0.66 (0.53-0.80) 0.58 (0.45-0.72) 0.60 (0.46-0.71)

Mean 0.66 (0.52-0.81) 0.41 (0.26-0.56) 0.69 (0.56-0.86) 0.78 (0.64-0.92) 0.59 (0.46-0.73) 0.62 (0.48-0.76) 0.62 

*p<0.01; **p<0.05.

Table 3. Intraclass Correlation Coefficients of BVMT-R.

Trial

Coefficient

ICC** 95% C.I. ***

T1* 0.86 0.78-0.92

T2* 0.85 0.74-0.92

T3* 0.80 0.67-0.89

BVMT-R¶ 0.85 0.75-0.91

*Sum of the Trial; **Intraclass Correlation Coefficient; *** Confidence Interval; ¶ Total Score 
of test.
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Processing speed is affected by age, and our significant 
result in the correlation between the SDMT and Age 
confirms this association (ρ=- 0.39; p<0.02). Thus, the 
low impact of Age on the BVMT-R in our results sug-
gests a specific relationship between information pro-
cessing speed and the BVMT-R, regardless of patient 
age.

Akin to Age, the degree of formal education of the 
subjects in our sample exerted a very small influence on 
the BVMT-R score variation. There are previous studies 
in which this correlation was also not significant.5,35 A 
recent Canadian publication, which also showed a weak 
association between the BVMT-R and Level of Educa-
tion, postulated that this result could be due to a higher 
educational level of the patients, since the correlation 
of education with other NPTs of the BICAMS showed 
the same negative results.35 However, in our study 
this causal effect cannot be argued, as the remaining 
NPTs of the BICAMS had highly significant Correlation 
Coefficients with Level of Education (SDMT: ρ=0.45; 
p<0.005 and CVLT II: ρ=0.34; p<0.05). Apparently the 
exact intensity of the correlation between the BVMT-R 
and Level of Education remains elusive, because other 
authors also describe a very significant association of 
these variables without the bias of a higher educational 
level of subjects.25,28 

Determining the accuracy of the components of 
the BICAMS is essential to avoid misdiagnosis or omis-
sions in the detection of CI in MS patients. For this 
reason we evaluated the concordance of scores of the 
BVMT-R obtained by different examiners, or inter-rater 
agreement, and its internal consistency, or homogene-
ity. Each patient in the MS group made a total of 18 
attempts to reconstruct figures assessed by three raters, 
generating 2160 scores, 720 K coefficients of agreement 
and 160 ICCs. These numbers reinforce the robustness 
of the coefficients described in our study. Besides K coef-
ficients higher than 0.60, the ICCs and the coefficient α, 

both greater than 0.80, indicate clinically satisfactory 
reliability of BVMT-R.21,27 Unfortunately, to our knowl-
edge, there are no prior publications with this specific 
analysis to compare against our findings.

There are some methodological limitations of the 
present study that warrant comment. The sample size 
could raise questions about the external validity of 
some results. Possibly, the non-significant correlation 
between the BVMT-R and Age could have been the result 
of this supposed bias. Besides, the non-significant corre-
lation of the BVMT-R and Level of Education may have 
resulted from an uneven distribution of the number of 
individuals in each category of this variable. Neverthe-
less, the reliability of NPTs in patients with MS seems 
to be robustly determined with samples as small as 20 
individuals.22 

In conclusion, despite its somewhat subjective scor-
ing system, the BVMT-R seems to be a reliable instru-
ment for assessment of visuospatial learning and mem-
ory, and CI detection and monitoring in MS patients, 
with adequate performance for clinical practice, even 
without specific dedicated or previous training in its 
application. Its psychometric properties include a sig-
nificant association with information processing speed, 
and, for a more accurate evaluation, this should be con-
sidered in the assessment of MS patients.
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