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Abstract
Background. The Brief Cognitive Assessment for MS (BICAMS) comprises the Symbol Digit Modalities Test, first five recall trials of the California
‘erbal Learning Test =1l and first three recall frials of the Brief Visuospatial Memory Test — Revised.

Goal. To produce international standards for BICAMS psychometric validation

Method. The international expert consensus committee reviewed basic psychometric validation standards from the literature. Recognizing that
resources for validation will vary internationally, the commitiee identified validation priorities, to engender international acceptance of BICAMS. |t
was noted that most of the psychometric evidence relating to the BICAMS tests relies on US samples. Practical matters pertaining to implementation
across different languages and countries were discussed.

Results. Step 1. Standardisation and tranzlation of test stimuli. For visual stimuli, determine if there are any semantic associations to stimuli in the
culture or language under consideration. For verbal memory, match new words on word frequency and appropriate similarity of meaning. If these
parameters cannot be applied scientifically, then expert review and performance on test by appropriate participants will be utilized to assess
translation,

Step 2. Standardization and Translation of Test Instructions. All information from the test manual necessary for administration and interpretation must
be translated, back translated, and checked for erors.

Step 3. Normalisation. Samples of 150 or more healthy persons are needed for data applicable to persons of all ages. The minimum sample size is
B85 healthy volunteers, matched on demographics to either a concurrent MS sample, or to samples in published descriptive MS studies.

Step 4. Test-retest reliability. A of this criterion can be achieved by evaluating an MS and/or healthy volunteer sample on two occasions
separated by 1-3 weeks. This is the gold standard separation where the guestion is only test reliability, controlling for maturation effects, A Pearson's
correlation coefficient = 80 will usually be required.

Step 5. Criterion-related validity. This step can be pursued in conjunction with Step 3, in that an MS sample can be compared to a healthy control
group that also serves for normalization.

Discussion
Preliminary plans are being made to validate BICAMS in a number of countries, which will constitute important steps towards an intemmational
assaszment tool of cognition in MS,

Introduction and purpose

Psychometric data regarding normal performance, test reliability and the validity of test interpretation are
necessary for accurate application of NP testing_1

The Brief International Cognitive Assessment for MS (BICAMS) initiative was undertaken to recommend a
brief, cognitive assessment for MS that is optimized for small centers, with perhaps one or few staff
members, who may not have NP fraining. BICAMS was particularly focused on international use,
permitting better comparability across settings. An expert commitiee of twelve neurologists and
neuropsychologists representing the main cultural groups that have so far contributed extensive data
about cognitive dysfunction in MS was convened. The opinions generated from the meeting are presented
elsewhere (Langdon ef al., submitted).

In circumstances allowing for only a few minutes of assessment, the committee recommended the Rao?
adaptation of the Symbol Digit Modalities Test (SDMT),® the initial learning trials of the second edition of
the California Verbal Learning Test (CVLT2).* and the revised Brief Visuospatial Memory Test (BVMTR).®
A second conference was held to develop consensus on a BICAMS validation protocol.

Results. Consensus Opinion: The BICAMS Validation Protocol

Table 1. Psychometric criteria of BICAMS tests in English speaking environments

SDMT CVLT2 BVMTR
Standardization Smith 1982 Test Delis 2000 Test Manual Benedict 1997 Test
Manual Manual

Benedict 2005 Test
Manual

Parmenter 2010. Peer Delis 2000 Test Manual

review journal article

Normalization

Reliability I: Test- Benedict 2005 r=0.91 | Benedict 2005 r=0.80 Benedict 2005 r = 0.91

Retest

Reliability II: Alternate | Rao 1991. No or Little Delis 2000. Fair Benedict 1996. Good

Form Data

Validity I: Criterion Many Studies. Good Many Studies. Good Many Studies. Good

Related

Validity II: Clinically Morrow 2010. Fair No or Little Data No or Little Data

Meaningful Change
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Psychometric Standards

Standardization. The SDMT, CVLT2 and BVMTR stimuli are well established and are readily mass produced using digital
and print technology. Examiners can be easily trained to use standardized instructions, more or less verbatim, to enhance
reliability across settings. The administration instructions are published in the test manuals.

Normalization of Raw Scores. Acquiring normative data can be an expensive endeavor. For example, the recent revised
normative data for BVMTR has a sample size of 500. Manual based CVLT2 data are based on a sample of 500 healthy adults.
These data were fairly recently acquired and are judged by the BICAMS committee to be current. The normalization data for
SDMT are more complicated. The manual based norms date to 1982, raising the spectre of cohort effects [ie gradual shift
upward over time] or poor generalizablity to patients and controls in the present day. Benedict et al published normative data
on the MACFIMS battery, which includes the SDMT, in 2010,° using a healthy sample numbering 120. A potential problem is
that normative data from one region may result in interpretive error when applied to raw test scores derived from a different
culture, language, region or country.

Reliability. Of the various forms of reliability, the panel decided that test-retest reliability has the highest priority and is most
relevant for future BICAMS validation. The coefficient of variation can be used in very small samples to determine the extent
to which changes in mean values outweigh the variance in test scores.” A more valid measure of test-retest reliability is the
Pearson correlation coefficient.® For most purposes, the acceptable range of r values for test-retest correlation is > 0.80. °
The SDMT has particularly high test-retest reliability. In one study of MS patients the test-retest r value was 0.97. In a study
repeating the test over six monthly sessions, r values approximated 0.80 for healthy controls and 0.90 for MS patients.
Acceptable test-retest reliability [CVLT2 = 0.78; BVMTR = 0.91] was found in a well controlled investigation with MS
patients.1®

Validity. The BICAMS committee decided that the most important aspect of validity for clinical purposes is criterion-related
validity, most notably differentiating MS patients from healthy controls. Clearly, if the test cannot discriminate MS patients
from healthy individuals, the meaning of the test score is uncertain. All of the BICAMS tests discriminate very well between
MS patients and healthy controls.”" SDMT is most often the most sensitive measure in NP batteries."

Table 2. Summary of national standardization requirements

« Step 1, Standardization and Translation of Test Stimuli. For abstract visual stimuli, determine if there are any semantic
associations to stimuli in the culture or language under consideration. Or similarity to letters or other symbols in the target
language. For CVLT2 must match new words on word frequency and meaning. It may be hard in other languages to match on
freq, meaning and get a sensible standardization data set, for example particular animals. The match needs to be on structure
of wordlist and recall performance of subjects.

* Step 2, Standardization and Translation of Test Instructions. All information from the test manual necessary for
administration and interpretation must be translated, back translated, and checked for errors. Can we accept that in some
centres the staff can speak English well enough for the test admin instructions to be used in English? Or do we as policy need
a translation for every language we get normalization in, so that all professionals working in that language group (country) can
use BICAMS?

+ Step 3, Normalization. Large samples of 150 or more healthy persons are needed for data applicable to persons of all ages
and diverse ethnicity. The minimum sample size is 65 healthy volunteers, provided they are group matched on demographics
to either a concurrent MS sample from the same country, or matched to samples in other published descriptive MS studies.

« Step 4, Test-Retest Reliability. Assessment of this criterion can be achieved by evaluating an MS and/or healthy volunteer
sample on two occasions separated by 1-3 weeks. This is the gold standard separation where the question is only test reliability,
controlling for maturation effects. Specify correlation type and value required.

+ Step 5, Criterion-Related Validity. This step can be pursued in conjunction with Step 3, in that an MS sample can be
compared to a healthy control group that also serves for normalization. To determine if a new ltalian BVMTR is sensitive to MS
disease state, for example, compare 50 patients to the healthy controls in Step 3. After the study, the investigator adds another
35 healthy volunteers to round out the normalization sample. We need to specify matching criteria. | suggest either no stat sig
diffs between age, gender and years of education OR individually matched +/- 3 years of age, +/- 3 years of education, within
5% female proportion.
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Conclusion

The Brief International Cognitive Assessment for MS (BICAMS) initiative was undertaken to recommend a brief, cognitive
assessment for MS that can be utilized internationally, in small centers, with perhaps one or few staff members, who may or
may not have formal neuropsychological training. Consensus was earlier achieved regarding the BICAMS tests, with special
consideration for SDMT, and supplementation by CVLT2 and BVMTR, time permitting. Much work needs to be done in order
to validate BICAMS in non-English speaking settings. Here we have summarized a second consensus opinion which offers a
process by which BICAMS can be validated in other languages. Research projects pursuing some of the aims described
herein are underway.
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Brief International Cognitive Assessment for MS (BICAMS) Description

The SDMT3 presents a series of nine  Figure 1 Faux stimuli of SDMT type

symbols, each paired with a single digit

in a key at the top of an 8 % x 11 inch R RN R R

sheet. An adapted version of the test is

presented in Figure 1. Patients are [s[*[nlw][*]o[z]a]r][m][*[a]t]=]a
asked to voice the digit associated with o —— ' ! !
each symbol as rapidly as possible for " | . | - | L | Bttt | 2=
90 sec. There is a single outcome il lnmlelzlolzslzlzs]sl=]wla
measure — the number correct over the R L [ T [ 1
90 sec time span. lofefelulalololololslofnlule
The auditory/verbal learning test is the : | : | T | i | - | - | =
CVLT2* The test begins with the [ I 1 I a8 I s« [nlalalxr I A« I W & I Wl
examiner reading a list of 16 words §

[Figure 2]. Patients listen to the list and £ | : [ S i i 22 | o | b.e

report as many of the items as possible.
There is no instruction as to the order in Figure 2 Faux stimuli of CVLT-ll type
which items are recalled. After recall is Carot

recorded, the entire list is read again ﬁ:;ﬁi']
followed by a second attempt at recall. Baseball
Altogether, there are five learning trials. Football
The reader will note that the 16-item list g:f;'
[see faux example in Figure 2] has Beans
words that conform to four semantic Shoes

. K . Screwdriver
categories, in this case sports, Basketball
vegetables, clothes, and tools. Some Com
subjects will recall items in a grouped o

fashion, and others may recall the list in Dress

serial order. There are many variables Lettuce

of recall available in the CVLT2, as a

second list is presented, and after 25 Tial1 /16
min there is a delayed recall trial as well Trial2 __/16
as a yes/no recognition memory task. Trial3 _/16
The BICAMS panel noted that few I:::g —:}g

studies have shown incremental validity
with these measures, as the total
number of recalled over the five learning
trials is most sensitive.1®

Total Learning __/80

Figure 3 Faux stimuli of BVMTR type

—

Visual/spatial memory is assessed in
BICAMS using the BVMTR.® In this
test, six abstract designs [Figure 3] are
presented to patients for 10 sec. The
display is removed from view and
patients render the stimuli via pencil on
paper manual responses. Each design
receives from 0 to 2 points representing
accuracy and location. Thus, scores
range from 0 to 12. There are three
learning trials, and the primary outcome
measure is the total number of points
earned over the three learning trials. As
in the case of the CVLT2, we find little
evidence in the literature that the
delayed recall and recognition tasks add
incremental validity with MS samples,

and therefore, only the initial learning Trial1 _12
trials are implemented in the BICAMS Trial2 _f12

Trial 3 __M12
context.

Total Learning __/36
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