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Abstract
Introduction Cognitive impairment (CI) has a prevalence of 45–70% in people with multiple sclerosis (MS), producing a
negative impact on their quality of life, personal life, and work. Early detection of CI has become an important aspect to be
considered for an adequate follow-up, to optimize social adaptation and to implement specific cognitive rehabilitation strategies.
The aim of this work is to propose a suitable cognitive evaluation of patients with MS based on available and efficient tools for
diagnosis and monitoring purposes well supported by literature review and clinical experience.
Methods Amultidisciplinary panel of professionals from the field of neurology, neuropsychology, and neuroimaging performed
a literature review of the topic of cognitive impairment assessment. This was combined and completed with their clinical
experience to produce a set of recommendations.
Results Some limitations to cognitive evaluation are described: shortage of time and resources during the neurology consultation,
scarceness or absence of specialized professionals’ availability, importance of tests adaptation, and doubts about its use to define
therapeutic efficiency. We recommend a baseline and annual screening evaluation, and we suggest a baseline and periodic
neuropsychological assessment. The latter ought to change to a recommendation with the presence of either positive screening
test, or subjective to cognitive complaints, screening-test results and patient or family report mismatch, or in specific social/work
situations.
Conclusions Cognitive evaluation should be performed on all patients diagnosed with MS and throughout follow-up. It is
necessary to support the creation of multidisciplinary MS teams to optimize the evaluation and follow-up of MS patients.
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Introduction

Cognitive psychology defines several cognitive processes as
the focus of neuropsychological evaluation, such as language,

thinking, attention, memory, and emotions. Cognitive impair-
ment (CI) is a common symptom in multiple sclerosis (MS)
with a prevalence of 50–60%. It influences the patients’ qual-
ity of life, work, and social functioning [1–3]. The most
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frequently affected cognitive domains are information pro-
cessing speed (IPS), complex attention, working memory, vi-
suospatial ability, and executive functions [2, 4–8], with pre-
dominance of dysexecutive disorders in the progressive forms
of MS and an amnestic profile in relapsing-remitting MS [9].

Cognition does not always correlate with the Expanded
Disability Status Scale (EDSS) score. CI can be found in early
MS [10, 11] and also in the asymptomatic forms of MS such
as the Radiological Isolated Syndrome (RIS) [2, 3, 12–14].
The presence of CI at the time of diagnosis of MS is consid-
ered a poor evolution prognostic marker [11, 15]. The in-
volvement of verbal memory and IPS, detected in early stages
of MS, is predictive of more significant long-term disability.
The early detection of CI is of utmost importance in order to
ensure a correct social and work adaptation of the patient, and
to implement specific cognitive rehabilitation strategies [16].

The Cognition Working Group is part of the EMDAT study
group (Multiple Sclerosis Disease Activity Task Force) and is
composed by neurologists and a neuropsychologist from differ-
ent healthcare centers in Spain. The objective of this working
group is twofold: to analyze the current difficulties to implement
a systematic cognitive assessment (CA) in routine clinical prac-
tice and to provide a strategy to detect and monitor cognitive
impairment in MS patients based on a systematic review of the
literature and the clinical experience of the group.

Cognitive impairment in multiple sclerosis

Definition

Fischer and colleagues suggested that, based on the result of a
neuropsychological evaluation, CI in MS can be defined by
the presence of any of the following aspects [17]:

& A performance below 1.5 or 2 standard deviations (SD)
compared to the normative mean in at least 20–30% of the
test parameters.

& A performance below 1.5 or 2 SD in at least two cognitive
domains.

It has been considered that these two definitions of CI offer
more reliable results [18].

Vulnerability

The presence and evolution of CI is very heterogeneous
among individuals with MS. There is a relationship between
magnetic resonance imaging (MRI) data and cognition inMS.
However, CI can be only partly explained by the presence of
MRI lesions [19], or by other factors such as cognitive reserve
(CR) that could explain the discrepancy betweenMRI and CI.
The CR describes the ability to adapt cognitive activity despite

brain damage [20] and can be measured with specific test [21]
such as the Cognitive Reserve Index Questionnaire (CRIq).
Vulnerability of developing CI in MS patients is higher when
they present with high lesion load and cerebral atrophy at
baseline MRI combined with low scores in CR test and cog-
nitive tests at the beginning of the disease [22].

In order to detect CI earlier and improve prognosis, it has been
suggested that the following three aspects should be considered:
to perform early and periodic cognitive evaluations, to offer neu-
ropsychological interventionist programs, and to consider the
presence of CI as another possible poor prognostic factor when
selecting disease-modifying treatments [16, 23].

Importance and utility of cognitive function
measurement in multiple sclerosis

CI has an impact on different aspects ofMS patients’ daily life
functioning [22]. The periodical evaluation of the cognitive
function in MS would provide [23]:

& Knowledge of the baseline condition of the patient.
& Information about any cognitive change throughout the

disease, either related with disease progression or cogni-
tive relapses [24].

& Prognostic information in order to select a specific disease
modifying treatment, as CI is considered a poor prognostic
factor with a possible negative impact on treatment
adherence.

& Information for the patient and family or caregivers about the
presence of the CI that might help them to resolve doubts,
and facilitate social work and socio-family adaptation.

& A working scenario to plan an early therapeutic interven-
tion (cognitive rehabilitation and enhancement of the cog-
nitive reserve).

Therapeutic approach to cognitive impairment

Previous studies have shown that neuropsychological inter-
ventions produce positive effects on cognitive performance
and other associated abilities, but results from clinical trials
are still inconclusive due to methodological limitations [25].
Neuropsychological intervention aims to implement strategies
to compensate for or recover cognitive deficits, to promote
awareness of CI by the patients and their environment, and
to work on the impact that CI has on their daily life activities.

A Cochrane review of 20 studies about the effects of cog-
nitive rehabilitation concluded that there was a low level of
evidence for its recommendation; however, the comparison of
the different rehabilitation strategies was difficult because of
the heterogeneity of interventions and outcomemeasures [25].
It was also reported that some studies showed that cognitive
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training improved immediate and working memory abilities
and the use of specific rehabilitation training programs did
have a positive impact on attention and immediate and verbal
memory [25]. In a later review, the results of cognitive inter-
vention on executive function and attention (frequently im-
paired in MS patients) were more consistent [26].

Functional neuroimaging facilitates the establishment of a
correlation between image and cognitive abilities in MS [27]
and has been used to study the efficacy of cognitive rehabili-
tation programs [28]. New research explores the concept of
adaptive versus maladaptive neuroplasticity in relation with
cognitive rehabilitation programs. Chiaravalloti and col-
leagues observed that there is an activity increase locally in
tissue immediately surrounding a demyelinating lesion, which
appears early in MS patients even without CI. This was often
associated with intact cognitive functioning and was
interpreted as adaptive neuroplasticity. Extra-region activation
is considered adaptive inefficiency and is associated with
worse cognitive performance [29].

Current status of cognitive assessment: usual
difficulties

We considered that the main limiting factors for CA in pa-
tients with MS are the following:

& Time limitation during the neurologist consultation.
& Lack of material and human resources, especially trained

personnel and special equipment [6, 12, 30].
& Limited availability of neuropsychologists with specific

training in MS working in MS centers.
& Lack of validated tests and normative data that account for

language differences and different educational levels to
obtain reliable results [2, 6].

& Limited evidence about therapeutic interventions, since
research into the effect of pharmacological treatments on
the cognitive status of patients with MS has shown incon-
sistent results [31].

Tools to measure cognitive impairment
in multiple sclerosis

Neuropsychological tests and questionnaires are tools that allow
professionals to analyze and quantify cognitive abilities individ-
ually and to compare individuals’ performances. Adequate train-
ing for administration and interpretation of the neuropsycholog-
ical testing is mandatory. InMS, some tools have demonstrated a
higher sensitivity in the detection of CI and they are the ones used
more often. As CI inMS shows a distinctive profile compared to
other neurodegenerative diseases, the neuropsychological tools
for CA must be specific (Table 1) [32–42].

Table 1 Recommended tests for
the evaluation of specific
cognitive functions (based on
Arnett and Forn, 2007) [32]

Cognitive domain Test

Orientation Orientation subtest WMS-III [33]

Processing speed PASAT [34, 35]

Sustained attention CPT [36]SDMT [34]

Memory

Immediate verbal memory Direct Digit Subtest of WMS-III [33] or WAIS- III [37]

Verbal working memory Inverse Digit Subtest of WMS-III [33] or WAIS- III [37]
Letter Number Sequencing subtest of WAIS-III [37]

Auditory verbal learning and long-term
memory/recall

Spain/Complutense Verbal learning Test (TAVEC) [38]

Executive functioning

Visuospatial learning and visuospatial
long-term memory

10/36 SPART [34, 35]

Phonetic verbal fluency F, A, S [39]

Semantic verbal fluency Animals, fruits, vegetables [30]

Planification Tower of London [40]

Abstract reasoning WCST [41]

Abstract verbal reasoning Similarities subtest of WAIS-III [37]

Visuospatial functions JLOB [42]

WMS-III: Wechsler Memory Scale III; PASAT: Paced Auditory Serial Addition Test; CPT: Continuous
Performance Test; SDMT: Symbol Digit Modalities Test; WAIS-III: Wechsler Adult Intelligence Scale III; 10/
36 SPART, 10/36 Spatial Recall Test; WCST:Wisconsin Card Sorting Test; JLO: Judgement of Line Orientation
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CA relies on both quantitative and qualitative information
[43] and the neuropsychological assessment can be performed
using either a screening test or a cognitive-specific neuropsy-
chological tool.

Screening tests for cognitive assessment

Cognitive screening is performed when cognitive status is
previously unknown [44]. These tests are brief, simple and
with high sensitivity and specificity [45]. The most utilized
in MS are the following (see Table 2) [46–49]:

& MSNQ (Multiple Sclerosis Neuropsychological
Questionnaire)

The MSNQ is a questionnaire with 15 items that evaluate
the neuropsychological competences in daily life activities, by
assessing different cognitive domains (attention, memory,
processing speed, etc. [30]). There are two versions of the test:
one version for the patient (MSNQ-self report or MSNQ-S)
and another one for the caregiver (MSNQ-informant report or
MSNQ-I). The usefulness of MSNQ-S is limited since it is
highly depended on depression and mood disorders [30]. A
cut-off score of ≤24 inMSNQ-Swill correctly classify 68% of
the patients, with a sensitivity of 0.83 and a specificity of 0.6; a
score >22 at MSNQ-I will correctly classify 85% of the pa-
tients with a sensitivity of 0.87 and a specificity of 0.84 [49,
50].

The MSNQ-I is useful to identify risk groups. It is not
influenced by the patient’s depression, and correlates well
with working memory, learning, and executive and visuospa-
tial functions [50]. It also correlates with certain MRI param-
eters (lesion volume and brain atrophy), secondary progres-
sive course, and work disability. It has been shown that an
increment of one point in the MSNQ-I increases the risk of CI

by 6.5% [30]. The main advantage of this test is that it is easy,
short, and easily reproducible [12, 30, 51]. The main draw-
backs are the uncertainty of the informant’s depression effect
on the score, the poor CI detection capability when patients
show low repercussion effects on their daily lives, and the lack
of the MSNQ-I score for unaccompanied patients [12, 30].

& PASAT 3” (3-s Paced Auditory Serial Addition Task)

The PASAT 3” is used as a multi-domain measure,
informing about complex attention processes, working mem-
ory, and executive functions. Single digits are presented every
3 s and the patient must add each new digit to the one imme-
diately prior to it. It was included in the Multiple Sclerosis
Functional Composite (MSFC) as a measure of disease mon-
itoring and to measure cognition in clinical trials [52].

Is a short test (10–15 min) with good sensitivity to
detect CI in MS patients, offering cognitive information
independently of the speed of processing [53]. It can dis-
tinguish between healthy controls and MS patients with a
cut-off score of 43 (sensitivity of 0.82 and a specificity of
0.69) and CI in MS patients with a cut-off score of 40.1
(sensitivity 0.74 and specificity 0.65) [54]. Nevertheless,
still there is not a general cut-off point to define a clini-
cally significant progression [55], it can be stressful for
the patient, usually requires specific material and its out-
come depends on different factors, such as education or
age. Those are the reasons why it has been replaced in
many clinical trials by the SDMT (Symbol Digit Modality
Test) [51].

& SDMT (Symbol Digit Modality Test)

In this test, the patients are shown a visual key that
matches numbers and symbols on the top of a sheet.

Table 2 Rapid screening tests to detect cognitive impairment in patients withmultiple sclerosis

Test

Domain PASAT [46, 47] SDMT [48] MSNQa [49]

Auditory processing speed and working memory +

Visual processing speed and working memory +

Information processing speed +

Verbal learning +

Mean score (standard deviation) 46.7 (9.1)b50.4 (9.7)c Depends on age and years of education Not applicable

Duration 10-15 minutes 90 seconds(5 minutes including instructions) Self-administered

MSNQ: Multiple Sclerosis Neuropsychological Questionnaire; PASAT: Paced Auditory Serial Addition Test; SDMT: Symbol Digit Modalities Test
a MSNQ-Informant report correlates with Boston Naming Test (-0.45, p<0.001), CVLT-II Total Recall Trials 1-5 (-0.53, p<0.01), CVLT-II Delayed
Recall (-0.43, p<0.001), BVMT-R Delayed Recall (-0.43, p<0.001), Trail Making Test (0.55, p<0.01), Paced Auditory Serial Addition (-0.47, p<0.001),
WCST Perseveration Responses (0.37, p<0.01)
b Scores up to 12 years of education and c scores for 12 or more years of education, according to Rao et al (1991) [7]
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Then, they must specify the correct number for each of
the symbols presented as fast and as accurately as they
can during 90 s [51]. This test assesses processing speed
and visual working memory. The SDMT is fast, easy, and
has a low cost [2, 3]. It is sensitive for the detection and
change of CI in MS [6]. The score of the test correlates
with CI, MRI (lesion load, ventricular volume, cortical,
and deep grey matter atrophy), and with the patient’s
functional status [2, 6]. The SDMT has a higher capacity
in distinguishing patients with MS from controls. Of the
cognitive tests included in the BRB-N (Rao Brief
Repeatable Neuropsychological Battery) and the
MACFIMS (Minimal Assessment of Cognitive Function
in Multiple Sclerosis), the SDMT is the best test for the
detection of CI in MS [6, 12, 35, 56]. An optimal cut-off
score of 55 hits has been suggested, correctly categorizing
72% of patients, with a sensitivity of 0.82, specificity of
0.60, and a positive predictive value (PPV) of 0.71 [49,
50]. A decrement of 4 or more points or 10% of the
SDMT or 0.5 SD could be considered a clinically signif-
icant measure of cognitive worsening [57]

This is a fast test (5 min), easily reproducible, and
does not require specific neuropsychological training for
its administration [2, 51]. Compared to the other tests, it
is more sensitive [57], requires less time, does not re-
quire any electronic equipment, and has a prognostic
value correlating with the disability degree at 5 and 7
years [2, 13, 51]. As a drawback, it is just a screening
test that does not offer any information about other
cognitive domains.

Neuropsychological evaluation batteries

A more extensive neuropsychological evaluation allows for a
more detailed study of several cognitive domains. The use of
neuropsychological batteries is recommended after either a
positive screening test, subjective cognitive complaints report-
ed by the patient or his caregiver, discordance between clinical
perception/screening tests or in specific socio-labor situations
[16, 18]. The contents of the three most used neuropsycholog-
ical batteries in MS are detailed in Table 3 [6, 58, 59].

Brief International Cognitive Assessment For Multiple
Sclerosis (BICAMS)

It is a brief battery to be used as screening of cognitive status
that can be administered by health personnel without specific
training in about 15 min. It evaluates processing information
speed with the SDMT, verbal memory with the CVLT-II
(California Verbal Learning Test), and visual memory based
on the result of the BVMT-R (Brief Visuospatial Memory
Test revised), excluding scales of executive and visuospatial
functions. If the assessment time is limited, the authors

recommend to shorten the BICAMS and administer only the
SDMT component.

CVLT-II evaluates learning and memory of verbal materi-
al. From all the indexes that this test offers, the BICAMS
authors suggest the use of only the first five learning trials
because this reduces time and possible effects of fatigue.
This way of execution has been validated with MRI and brain
atrophy measurements [58, 60, 61].

The BVMT-R assesses visual learning and memory. The
protocol suggested in the BICAMS includes only the first
three recall trials given their significant relationship with
MRI parameters, brain atrophy [58, 60, 61], and functioning
of diencephalic nuclei [60, 62]. It has shown a greater discrim-
inative validity and sensitivity for visuospatial memory, with
the advantage that it does not require specialized material and
has no ceiling effect, although the functionality of the upper
limbs may influence its outcomes [12, 56].

Brief Repeatable Battery-Neuropsychology (BRB-N)

This battery is composed by the SDMT, the PASAT 3”, the
Selective Reminder Test (SRT), the 10/36 Spatial Recall Task
(SPART), and the Word List Generation (WLG). The SRT is
a verbal learning and memory test, the SPART assesses visual
learning and memory, and the WLG assesses verbal fluency.
In theory, the BRB-N is administered in 30–35 min although,
depending on the patient’s capacity, it can take longer. Its
administration and interpretation require a professional with
training in neuropsychology. It has high sensitivity (67–71%)
and specificity (85–94%). The BRB-N has an alternative ver-
sion to avoid learning bias [34] and is available in Spanish
[35]. As a disadvantage, some cognitive functions are poorly
evaluated, or excluded, increasing the risk of false negatives.

Minimal Assessment of Cognitive Function in Multiple
Sclerosis (MACFIMS)

It has been considered an improved version of the BRB-N
[56] as it evaluates all cognitive functions affected in MS. In
the MACFIMS visuospatial function tasks such as the Benton
Line Orientation Judgment (JOLB), the PASAT paced every
2 s and the Denis-Kapplan Battery (D-KEFS) Chart
Classification trial for executive functioning were added.

Modifications to verbal memory measures are introduced,
including the California Learning Verbal Test III, which re-
placed the SRT; the measurement of visual memory is
changed to the Brief Visuospatial Memory Test-Revised
(BVMT-R); and the measure of language fluency to the
COWAT. It is administered in about 90 min. Adequate train-
ing in clinical neuropsychology is required [58].
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Recommendations and suggestions
from the EMDAT group

Different factors should be considered when performing the
CA, such as CR, emotional status (anxiety and/or depression),
fatigue, and concomitant pharmacotherapy [16].

When and where to perform cognitive assessment

CA should be performed in a quiet place without distractions.
It is not recommendable to perform the assessment during the
following month after a relapse or corticosteroid treatment, as
they have a detrimental effect on memory [6]. It is convenient
to conduct the assessments at the same time of the day to avoid
possible biases of fatigue during the follow-up. Initially, it
should be performed annually or biannually, and then, accord-
ing to clinical criteria. It is necessary to take into account that
certain medications may influence cognitive performance and
also the patient mood [16, 18]. It is recommended that the
baseline evaluation is performed as soon as possible after the
diagnosis of MS, with subsequent periodic follow-ups.

Neuropsychological evaluation according to available
recourses in different healthcare centers (Fig. 1)

Availability of time and human resources varies between differ-
ent hospitals, which may interfere with a correct CA. It is sug-
gested that all patients should have a baseline and annual screen-
ing test completed, and a baseline and periodic neuropsycholog-
ical evaluation should be performed on all patients at a sugges-
tion level. Recommendation for follow-up evaluations should be
made for any of the following scenarios: (i) a positive screening
test; (ii) a negative screening result but with a subjective cogni-
tive complaint reported either by the patient or family members;

(iii) worsening of cognitive impairment that will require a com-
plete evaluation; (iv) any social or working negative impact.

Centers with an available neuropsychologist in their
staff

We recommend the BRB-N battery, and the addition of spe-
cific questionnaires to measure mood (BDI-II or HADS), fa-
tigue (MSFIS), and quality of life (MSQoL-54) (See Table 4).

Centers with limited human resources

If there is limited access or no availability of a neuropsychol-
ogist or neurologist with specific training, or there is limited
time for each patient, the SDMT test is recommended as cog-
nitive screening. If health caregivers with specific training are
available, it is suggested to also administer the MSQN. A

Fig. 1 Description of current reality considering factors of need and
available resources

Table 3 Neuropsychological batteries for the evaluation of patients withmultiple sclerosis

Batteries

Domain MACFIMS [58] BRNB [59] BICAMS [6]

Auditory processing speed and working memory PASAT PASAT

Visual processing speed and working memory SDMT SDMT SDMT

Verbal/auditory memory CVLT2 SRT CVLT2

Visual/spatial memory BVMTR 10/36 SPART BVMTR

Language COWAT COWAT

Spatial processing JLO

Executive functioning DKEFS Sorting

Duration 90 minutes 50 minutes 20 minutes

CVLT2: California Verbal Learning Test second edition; SRT: Selective Reminding Test; BVMTR: Brief Visuospatial Memory Test Revised; 10/36
SPART: 10/36 Spatial Recall Test; COWAT: Controlled Oral Word Association Test; JLO: Judgement of Line Orientation; DKEFS: Delis-Kaplan
Executive Function System
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complete neuropsychological evaluation is recommended
with abnormal SDMT scores [40–43] or when this score di-
minishes a 10% of the normal value or a score of 4 points
below previous SDMT values. The cognitive screening test
should neither replace a neuropsychological assessment nor
be used for diagnosis since this might produce an increase of
false negatives [3, 12].

Evolution and follow-up

In case of normal results in cognitive screening tests or in
cases with mild CI, no repercussion on daily life activities,
and not classifiable as dementia [63], an annual evaluation is
recommended for the first 2 years of follow-up, and thereafter
depending on clinical evolution. In case of moderate or severe
cognitive impairment, annual or biannual evaluations are rec-
ommended. After that they should be spaced out according to
clinical criteria, until the patient meets the criteria for demen-
tia, in which case stopping them is suggested. Intermediate
evaluations are recommended if cognitive changes are noted.

Next challenges

Multiple tools for a complete CA require specialized training
in cognition, and they need to be carried out by a multidisci-
plinary team. The incorporation of neuropsychologists in
Neurology Services and specifically in MS Units would im-
prove patient care. It is necessary to standardize cognitive tests
used in MS to homogenously quantify cognitive impairment.
Causes of inter-patient cognitive variability are unknown [22];
therefore, analysis of cases with brain damage documented by
MRI but normal neuropsychological results become impor-
tant. It has been observed that MS patients with a high educa-
tional level in the initial phases of the disease have similar
neuropsychological results compared to healthy controls the
only exception being the processing speed [13]. This fact
could suggest that compensatingmechanisms are less efficient
in protecting against deterioration of IPS; therefore, it would
be essential to investigate how to empower them. There are
critical radiological biomarkers such as brain atrophy related
to CI [3], but they are not generally available in clinical prac-
tice. It has been described that the anti-inflammatory effect of
some immunomodulation drugs could be beneficial in cogni-
tion [64]. However, there is no evidence that patients with CI
benefit from a specific disease-modifying treatment, or from a
change in the treatment. Finally, given that MS is a very com-
plex disease, it would be ideal to have objective risk markers
to identify patients with MS at risk of developing CI before
presenting it.
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Conclusions

Given that CI in MS is frequent and represents a prognostic
factor for disability in the long term, a complete CA must be
performed on all patients at the time of diagnosis. CA allows
informing and advising patients to facilitate their daily life, as
well as to promote and design rehabilitation strategies for
cognitive stimulation. It is necessary to include specialized
professionals in the multidisciplinary EM teams to optimize
the evolution and follow-up of patients.
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