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Abstract

Objective: To update the clinical recommendations for cognitive rehabilitation of people with multiple sclerosis (MS), based on a systematic
review of the literature from 2007 through 2016.

Data Sources: Searches of MEDLINE, PsycINFO, and CINAHL were conducted with a combination of the following terms: attention,
awareness, cognition, cognitive, communication, executive, executive function, language, learning, memory, perception, problem solving,
reasoning, rehabilitation, remediation, training, processing speed, and working memory. One hundred twenty-nine articles were identified and
underwent initial screening.

Study Selection: Fifty-nine articles were selected for inclusion after initial screening. Nineteen studies were excluded after further detailed
review. Forty studies were fully reviewed and evaluated.

Data Extraction: Articles were assigned to 1 of 6 categories: attention, learning and memory, processing speed and working memory, executive
functioning, metacognition, or nonspecified/combined cognitive domains. Articles were abstracted and levels of evidence were decided using
specific criteria.

Data Synthesis: The current review yielded 6 class I studies, 10 class II studies, and 24 class III studies. One intervention in the area of verbal
learning and memory received support for a practice standard, 2 computer programs received support as practice guidelines (in the area of
attention and multicognitive domains), and several studies provided support for 5 practice options in the domains of attention and learning and
memory.

Conclusions: Substantial progress has been made since our previous review regarding the identification of effective treatments for cognitive
impairments in persons with MS. However, much work remains to be done to optimize rehabilitation potential by applying the most
methodologically rigorous research designs to provide class I evidence in support of a given treatment strategy.
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The first systematic review of cognitive rehabilitation (CR) in-
terventions for people with multiple sclerosis (MS) found only 16
reported studies that were conducted specifically in the MS pop-
ulation.' Six of these studies focused on the remediation of
learning and memory, whereas a few focused on attention and
unspecified or multiple skills. At that time, only 2 interventions in
the area of verbal learning and memory received support for a

Disclosures: DeLuca reports financial relations with Biogen IDEC and EMD Serono outside
the submitted work. The other authors have nothing to disclose.

practice guideline and a practice option. The reviewers recom-
mended that more methodologically rigorous research was
needed, especially in the areas of processing speed, attention, and
executive function.

Since this original article in 2008, several reviews of CR in
persons with MS have been conducted. For instance, a recent
systematic review” that included studies published through
January 2014 identified 33 articles using PubMed and Web of
Science. Authors concluded that although earlier articles
concentrated on memory and skill acquisition, more recent studies
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shifted their focus to executive function, attention, and processing
speed. However, these findings were insufficient to support new
practice options, guidelines, or standards.

In the most recent Cochrane review on memory rehabilitation
in MS,” there was good evidence reported to support the effec-
tiveness of memory rehabilitation on memory function and quality
of life. However, the authors criticized the findings of the reviewed
studies and called for robust randomized controlled trials (RCTs)
with rigorous methodologic standards and better quality of
reporting, using ecologically valid outcome assessments to mea-
sure generalizability of treatments.

The current systematic review was conducted as a follow-up to
our previous systematic review of CR in MS' and the most recent
reviews.”” We provide current classification of levels of evidence
in support of currently available CR techniques for persons with
MS. Only articles published after our original study (ie, articles
published after 2007) were reviewed in this article. We addition-
ally evaluated whether new practice options, guidelines, or stan-
dards could be added to the ones that were previously
recommended.' Therefore, articles from our original review' were
taken into consideration when making current decisions regarding
practice recommendations, specifically noting if the newer out-
comes conflicted with or provided additional support from the
previous work. This new review also examined whether the field
has experienced a shift in the focus of interventions and outcome
to document CR efficacy.

Methods

A systematic review of treatment studies on CR for persons with
MS was performed in several steps, following methodology used
in previous evidence-based reviews.'* First, literature searches
were conducted using the following databases: PubMed, Psy-
cINFO, MEDLINE, and CINAHL. The following terms were used
in the searches: cognitive rehabilitation or cognitive remediation,
in combination with multiple sclerosis, attention, awareness,
cognition, cognitive, communication, executive, executive func-
tion, language, learning, memory, perception, problem solving,
reasoning, remediation, training, processing speed, and working
memory. The search was limited to studies published in English
with human participants that were published between January
2007 and March 2016. Articles were excluded if (1) the study was
not an intervention, (2) the study was not an empirical study, (3)
the publication was a review article, (4) >50% of the participants
did not have MS, (5) the study focused on a pediatric sample, (6)
the publication was a case report without empirical data to eval-
uate outcomes, (7) the article was not peer reviewed (eg, book
chapters), (8) the intervention was not targeting a cognitive
domain, (9) the intervention under investigation was pharmaco-
logic, or (10) the intervention under investigation was cognitive
behavioral therapy for the treatment of psychological symptoms

List of abbreviations:

AAN American Academy of Neurology
APT attention process training
CR cognitive rehabilitation
GAS goal attainment scaling
MS multiple sclerosis
mSMT modified Story Memory Technique
RCT randomized controlled trial
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rather than cognition. These exclusion criteria were designed to be
consistent with previous reviews of the CR literature.'* The initial
search yielded 129 articles. These initially identified 129 article
abstracts and titles were reviewed and screened based on the
aforementioned exclusion criteria by 2 members of the study team
(Y.G. and N.D.C.). In this process, 70 articles were excluded
(fig 1); 59 articles were therefore selected for a full review. These
59 identified studies were divided among the authors of this article
with one restriction: a reviewer cannot evaluate his or her own
article. Each study was reviewed independently by 2 authors who
rated it for level of evidence via a structured review table.

The review table was used to extract the following information
for each study: purpose of the study and description of the inter-
vention, targeted cognitive domains, sample size, inclusion of a
screening for impairment in some aspect of cognition, study results,
and what type of outcome was used to document efficacy and
generalization. During this process, an additional 19 articles were
excluded for the following reasons: (1) 12 were follow-up studies
(ie, studies that included the same participants as the original study
but reported on a different outcome variable, studies reporting post
hoc data analyses); (2) 1 study did not evaluate a cognitive inter-
vention, but cognitive behavioral therapy; (3) 1 study used only 1
participant with MS and most participants had a stroke; and (4) 5
studies assessed the feasibility of treatment or adherence to the
treatment offered, without evaluating treatment efficacy. Therefore,
40 articles were included in the final review. The fully reviewed
articles were then classified based on level of evidence. Decisions
for classifications of evidence were based on standards published
for therapeutic trials by the American Academy of Neurology
(AAN)’ (table 1). Potential bias for individual study or study
quality was assessed using the AAN criteria and the Physiotherapy
Evidence Database index. It was required that the 2 reviewers
independently agreed on the level of evidence for each included
study. If the 2 initially assigned reviewers disagreed regarding the
level of evidence (as occurred for 5 articles), a third reviewer,
blinded to the decision of the first 2 reviewers, established the
conclusion. After review of the articles and classification of level of
evidence, reviewers then provided recommendations regarding the
strength of evidence found in the research and recommendations
for practice. The recommendations were described in appendix 1 as
practice standards, practice guidelines, or practice options based on
the body of evidence available.”

Results

Forty articles published between January 2007 and November
2016 were selected to be included in this review. Studies were
classified according to (1) participants (type of MS targeted and
whether the targeted cognitive domain was impaired), (2) cogni-
tive training characteristics (method of intervention: technology:
computer program, video games, or cognitive or behavioral based;
dosage: duration and frequency), (3) domain targeted (ie, memory,
attention), and (4) outcome evaluated (eg, cognitive, functional;
long term vs immediate).

Attention

Two class I and 1 class III studies examined the efficacy of pro-
grams related to only attention. Note that several studies included
in this review evaluated programs that addressed attention within a
more complex treatment that also targeted additional cognitive
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Records identified through data

base searching of titles and
abstracts (n = 129)

Excluded: 70 studies

Reasons for exclusion:

\ 4

No intervention (e.g. correlational study; n=32)
Review articles (n=5)
Commentaries (n=4)

Does not include a cognitive intervention or
cognitive outcome (n=29)

\ 4
Full copies retrieved and assessed
for eligibility (n = 59)

v

Excluded: 19 studies

l Reasons for exclusion:

Publication meeting
inclusion/exclusion criteria

N =40

A\ 4

Follow up on already included studies
(n=13)

Does not include a cognitive intervention

(n=1)

Assesses feasibility, or describes the
intervention (n =5)

Minority of participants have MS (n=1)

Number of studies included
in the full review

N=40

Fig 1  Flowchart of the study selection process.

domains. The first of the class I studies randomized patients into
specific (attention process training [APT]) versus a nonspecific
computer training program for attention. Participants were
assessed pretreatment, immediately posttreatment, and 3 months
posttreatment. Results indicated that the APT program resulted in

significantly improved Paced Auditory Serial Addition Test per-
formance that was maintained at a 3-month follow-up; no changes
were noted regarding participants’ self-report of cognitive status.
The second class I study’ examined the efficacy of the RehaCom
computer program” to treat attention (treatment consisted of
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Table 1  AAN classification of evidence®

Classification Criteria

Class I

RCT with masked/objective outcome assessment in a representative population.

Relevant baseline characteristics are presented and substantially equivalent among treatment
groups or there is appropriate statistical adjustment for differences. Plus:

A) Concealed allocation

B) Primary outcome clearly defined
C) Inclusion/exclusion criteria clearly defined
D) Adequate accounting for dropouts with at least 80% completion rate

Class II

RCT with masked/objective outcome assessment in a representative population.

Lacks one criteria A—D, or a prospective matched cohort study with masked/objective outcome

assessment that meets B—D.

Relevant baseline characteristics are presented and substantially equivalent among treatment
groups or there is appropriate statistical adjustment for differences.

Class III

All other controlled trials (including well-defined natural history controls or patients serving as own

controls) in a representative population, where outcome is independently assessed, or
independently derived by objective outcome measurement.

Class IV

Studies not meeting class I, II, or III criteria including consensus or expert opinion.

divided attention, attention and concentration, and vigilance pro-
grams of RehaCom). Results indicated that the experimental
group showed enhanced performance in attention abilities as
assessed by the Stroop task in comparison with the control group.
This improvement was additionally associated with increased
activity in the posterior cerebellar lobule and the superior parietal
lobule. The class IIT study® addressing attention examined the
efficacy of the Freshminder-2 home-based cognitive training
program. Treatment also included psychological counseling
focused on compensatory techniques and strategies. Results
indicated a significant difference between treatment and control
groups on measures of attention, processing speed, and ver-
bal memory.

Recommendations

One study reviewed in this category’ provides class I evidence to
support the use of RehaCom to treat attention. In our previous
review,' however, RehaCom was not supported as efficacious for
improving attention (or memory) in MS. Given the mixed results
related to RehaCom, it can only be recommended as a practice
option to treat attentional deficits. APT can be recommended as a
practice guideline, with positive results provided by 1 class I
study; however, this is the only study that tested the use of APT in
MS, and one must therefore proceed with caution. More research
is clearly needed to support cognitive remediation for attention in
persons with MS.

Learning and memory

O’Brien et al' reported that learning and memory had received the
most attention in the CR literature for persons with MS. The
current systematic review noted a substantial increase in the
number of such studies (ie, an additional 15 studies that examined
the effect of cognitive treatment on memory were classified into
levels of evidence) (table 2). Two studies were classified as class
1.”!% Chiaravalloti et al’ studied the modified Story Memory
Technique (mSMT), a 10-session treatment that uses imagery and
context to improve verbal learning and memory, in 86 persons
with MS who had objective impairment in learning and memory.

www.archives-pmr.org

This study provided class I evidence to support the use of mSMT
to improve verbal learning and memory in persons with MS. Six-
month maintenance was also documented. Two additional studies
supported the efficacy of the mSMT through neuroimaging data
within a subset of the original study sample. One study demon-
strated significant differences in patterns of cerebral activation
after treatment between treatment and control groups, particularly
in areas of the brain related to learning and memory.'' The other
study demonstrated increased resting state functional connectivity
between the left and right hippocampal regions and cortical re-
gions specifically involved in visual imagery.'® The second class I
study'? randomized 54 participants with MS to 10 learning trials
of either a spoken or sung version of Rey Auditory Verbal
Learning Test. Participants in the music condition showed better
word memory and better memory for word order, with stronger
bilateral frontal alpha learning-related synchronization than pa-
tients in the spoken condition. The evidence suggested that a
musical mnemonic recruits stronger oscillatory network syn-
chronization in prefrontal areas in patients with MS during word
learning. An additional study also examined the effect of sung
information on memory,"? providing class II evidence supporting
music mnemonics as facilitating learning for people who are less
impaired by the disease. The study'® compared learning through
music (n=20) with learning through speech (n=18). Correlation
analyses suggested that music mnemonics may facilitate learning
for people who are less impaired by the disease; however, groups
did not differ on quantitative assessment on the Rey Auditory
Verbal Learning Test. Ernst et al'®'” provided class IT and IIT
evidence to support visual imagery to improve autobiographic
memory and future episodic memory in MS. An additional study
supported the efficacy of visual imagery to improve memory
through neuroimaging data within a subset of the original
study sample.'®

Two studies examined a group-administered memory inter-
vention (ReMind manualized program), providing class II evi-
dence supporting this treatment. das Nair and Lincoln'* studied a
group of 72 participants with mixed diagnoses. Participants were
randomly allocated, in cohorts of 4, to (1) compensation group
treatment, (2) restitution group treatment, or (3) a self-help control
group. Carr et al'” also conducted a class II study to examine the
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Table 2  Summary of reviewed studies (N=40)
Types of MS Included in
Study and No. of Technique/Treatment and
Study Participants Cognitive Impairment Classification  Duration Measures Results
Attention
Amato et al® 88 RR participants: 55 in Impairment on at least 2 of I Computer training: APT e NP Mixed
specific training; 33 in 7 attention tests (Rao’s 1-h sessions, twice a week e Self-report of cognitive
nonspecific training. Brief Repeatable Battery) for 3mo functions
e 3-mo follow-up
Cerasa et al’ 26 RR participants: 12 in Not specified I Computer: RehaCom e NP Treatment > control
treatment and 11 in 1-h sessions, twice a week e fMRI
placebo intervention for 6wk
group. 1 dropped from ex
group and 2 from control
Pusswald et al® 40 participants: 20 Not specified 11 Computer: Freshminder and e NP Treatment > control in
intervention and 20 psychological counseling e Self-report (fatigue) specific domains of
control (no treatment). 30-min sessions, 3 times a attention
33 RR week, for 5wk
6 SP The group therapy
1 PP consisted of a weekly 90-
min session over these
5wk
Memory
Chiaravalloti et al’ N=86 (41 treatment, 45 Impaired new learning I mSMT e NP Treatment > control
placebo control) Ten 45- to 60-min sessions e Self-report
33 RR 2 times per week for 5wk e Informant self-report
1 PP e Functional connectivity*®
6 SP o fMRI'
1 progressive relapsing e 6-mo follow-up
4 unknown
Thaut et al*? 54 RRMS Not specified I With and without a musical e Percent change in EEG Treatment > control
template: spoken or sung spectral power
version of the RAVLT e Word memory and order
A single list of 15 words was e 20-min delayed recall
repeated over 10 trials
Moore et al*? N=238: all MS types Impaired on verbal learning II Spoken or sung the 15-word e NP Treatment = control
20 in learning music and 18 and memory list of the RAVLT e Recall and recognition
in spoken A single list of 15 words was
repeated over 10 trials
das Nair and Lincoln' 72 participants: 17 with Impaired on verbal learning II ReMind program: Comprised e NP Mixed results

stroke, 16 with TBI, and
39 with MS

and memory

of individual and group
program

Ten 90-min sessions
including homework

Self-report of memory,
ADL, health, and mood
e 5- and 7-mo follow-up

(continued on next page)
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Table 2 (continued)

Types of MS Included in
Study and No. of

Technique/Treatment and

Study Participants Cognitive Impairment Classification  Duration Measures Results
Carr et al*® 48 participants with MS: Self-reported memory II ReMind program e Self-report of memory Treatment = control
16 RR problems Ten 90-min sessions and health
16 PP including homework e 4- or 8- mo follow-up
8 SP
2 benign
6 unknown
Ernst et al'® 40 patients with RRMS Impaired autobiographic II Mental visual imagery e NP Treatment > control
(3 groups: 17 in memory and episodic Six 2-h sessions, once or o Self-report of memory
experimental, 10 in future thinking twice per week and everyday life
verbal control, and 13 in
stability)
Ernst et al'’ 25 RRMS, 10 of whom Impaired autobiographic III Mental visual imagery e NP Treatment > control
underwent treatment memory Six 2-h sessions, once a e MRI and fMRI*®
35 HC, 10 of which week
underwent treatment
Basso et al*’ 20 participants with MS: 10 Impairment defined as <90 III Self-generation No. of words recalled Treatment > control
with memory impaired (1 on the General memory 5 sets of 20 paired words
PMS, 6 RRMS, 3 unknown) index of the WMS-III was presented once
and 10 unimpaired (4
PMS, 4 RRMS, 2
unknown).
17 controls
Goverover et al* 20 participants with MS: 16 No impairment specified III Self-generation No. of words Treatment > control
RR, 2 PP, 2 SP 4 sets of 12 steps were recalled—functional
18 HC presented once tasks
Goverover et al** 70 persons with MS 35 participants impaired on  III Self-generation No. of words recalled Treatment > control
55 RR memory based on the 4 sets of 12 words were e Functional tasks
7 PP mSRT presented once e Laboratory tasks
8 SP 35 mild impairment
Goverover et al*? 20 participants with MS: 15 No impairment specified III Spaced learning trials No. of words Treatment > control
RR, 3 PP, 2 SP Stimuli were presented to recalled—functional
18 HC the participants 3 times tasks
during the session
Goverover et al*® 20 participants with MS: 15  No impairment specified ITI Self-generation in No. of words Treatment > control

RR, 2 PP, 3 SP
18 HC

combination with spaced
learning trials

3 sets of lists of words or
items were repeated
twice

recalled—functional
tasks

(continued on next page)
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Table 2 (continued)

Types of MS Included in
Study and No. of

Study Participants

Cognitive Impairment Classification

Technique/Treatment and
Duration

Measures

Results

Sumowski et al** 32 participants with MS: 21
RR, 4 PP, 6 SP, 1 PR

16 HC

17 participants with MS
13 RR, 3 PP, 3 SP, 1 chronic
progressive

Gentry®®

Hildebrandt et al*® 42 participants with RRMS:
17 in experimental group

and 25 in control

Processing speed and
working memory
Hancock et al*’ 15 MS assigned to active
training and 15 assigned
to sham training: 21

RRMS, 5 SP MS, 4 PP MS

Hubacher et al*® 10 early RRMS and CIS: 6
participants in treatment
and 4 in no intervention
control

Vogt et al*’ 45 MS: 36 RR, 8 SP, 1
chronic progressive

Two experimental groups
(intense vs spaced
treatment) and a control

group

Impairment in memory III
specified as 1 SD below
CVLT-II norms

Impaired memory assessed  III
by RBMT and CHART
Reports of functional
limitation

Not specified I11

Cognitive complaints were  II
self-reported

Not specified III

No impairment specified III

Spaced learning trials in
combination with testing
effect

3 sets of 48 verbal paired
associates were
presented over 1 testing
session

Compensation approach:
learn to use PDA

12 sessions, 1 per week

Computer training at home
(VILAT-G®): memory and
working memory

6wk, at least 5d/wk for
30min/d

Home treatment: computer:
Posit Science Insight®
and Brain Twister n-back

30-min intervals, 6d/wk, for
a 6-wk period. Engaged
in processing speed
training 3d/wk and
working memory training
3d/wk

Computer: BrainStim

Home treatment with
weekly supervision

4wk, 4 times a week, for
45min each

Computer: BrainStim

16 training sessions
scheduled either as high-
intensity training (4
times per week for 4wk)
or as distributed training
(2 times per week for
8wk)

No. of words recalled

o NP

e Self-report of everyday
life

o 8-wk follow-up

e NP

e Self-report: mood, QOL

fMRI
NP

NP
e Self-report mood, QOL

Treatment > control

Treatment gains were
demonstrated

Treatment > control

Mixed results Treatment
> control only for PASAT

No consistent or reliable
findings

Both treatment groups
improved on fatigue and
working memory

(continued on next page)
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Table 2 (continued)

Types of MS Included in
Study and No. of

Technique/Treatment and

Study Participants Cognitive Impairment Classification  Duration Measures Results
Leavitt et al*° 53 MS: 41 RR, 4 PP, 8 SP Processing speed 111 Computer: manipulated KTT 3s better the 1 and 4s
36 matched HC impairment cognitive load: KTT
4 conditions: 1:1, 1:3, 3:1,
and 3:3
Executive functions
Hanssen et al’’ 120 MS Self-reported Executive II Cognitive group and NP Both groups improved on
60 in intervention group, functions impairment individual sessions Self-report executive functions. QOL
and 60 in control group: with no general cognitive Formulate GAS goals for ~ QOL improved only for the
ordinary multidisciplinary impairment based on coping with cognitive e 4- and 7-mo treatment group, also at
rehabilitation MMSE challenges follow-up 4 and 7mo
59 RRMS 4wk: 4h of
28 PP MS neuropsychological
33 SP MS assessment with
feedback, 5h of
individual sessions, 6h of
cognitive group sessions
First 3mo past treatment,
participants received 1
lecture about MS and
cognition in addition to
6 telephone calls of
approximately 10min
each
Fink et al*® 50 RRMS: Impairments: executive 111 6-wk intervention: 30min, 4 e NP Treatment > control verbal
CIG (n=11) functions, but also times a week: textbook e Imaging learning maintained over
Placebo group (n=14) looked at verbal memory exercises 1-y follow-up ly
Untreated group (n=15) as secondary outcome A weekly meeting with
psychologist for 1.5h to
receive feedback and to
discuss the exercises
Metacognition
Shevil and Finlayson®® 35 MS (no control group) Cognitive screening based  III Group-based community Self-report of strategy use  Treatment > control also at

on Multiple Sclerosis
Neuropsychological
Screening Questionnaire:
only mild to moderate
cognitive impairments
were included

program addressing
strategies to self-manage
MS cognitive changes
Five consecutive sessions
delivered once a week

and self-efficacy
6-wk follow-up

6-wk follow-up

(continued on next page)
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Table 2 (continued)

Types of MS Included in

Study and No. of Technique/Treatment and
Study Participants Cognitive Impairment Classification  Duration Measures Results
Pottgen et al** 11 participants with MS No cognitive impairments 11 Metacognition: group e NP Treatment > control
specified intervention: MaTiMS o Self-efficacy
Six 90-min presentation e Self-report: mood, QOL
modules based on e Perceived cognitive

PowerPoint” impairments
presentations, a manual,
and moderation cards.

Study Domains Treated Participants Cognitive Impairment Classification Technique/Treatment Measures Results
Nonspecific and
multiple
cognitive skills
Stuifbergen et al*®* Memory, attention, and 61 participants (n=34 Perceived moderate I Combined treatment: group e NP Both groups improved
problem-solving skills  intervention, n=27 level of cognitive and computer training: o Self-report Verbal memory
waitlist control) difficulty Memory, Attention, and e 5-mo follow-up improved over time
Not specified type of MS Problem Solving Skills for for treatment group
Persons with Multiple
Sclerosis

8 weekly 2-h group sessions:
use of cognitive
compensatory strategies

Home-based computer-assisted
cognitive training program:
minimum of 45min, 3 times

per week
Mantynen et al**  General cognition 102 RRMS (62 Participants had I Computer-based attention and e Objective and Treatment group
intervention group, attention and working memory retraining, perceived cognitive reported reduction in
40 controls); 4 processing speed combined with GAS and impairments cognitive
dropouts from ex and  impairments based psychoeducation e QOL impairments
2 from control on NP 13wk, once weekly 60-min e Mood
sessions e 3- and 6-mo follow-

up
e 1y: only perceived
cognitive impairments*®

(continued on next page)
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Table 2 (continued)

Study Domains Treated Participants Cognitive Impairment Classification Technique/Treatment Measures Results
Janssen et al*’ PS, attention, 28 RR, with 14 Not specified I Video games: hybrid-variable NP Minor improvement on
participants priority training the game skill level
completing the Twenty 1-h sessions over 8wk
training condition
and 14 completing
the waitlist control
condition
De Giglio et al*"  Attention, working 35 RR: 18 in ex group  Failure on at least 1 II Dr. Kawashima’s Brain Training: e NP Treatment > control
memory, and and 17 in waitlist of the following: video games (home-based e QOL
processing speed control Stroop test, PASAT, program) e Fatigue
and Symbol Digit 8 consecutive weeks, 30min/d,
Modalities Test 5d/wk
Gich et al* Cognition in general 43 participants with RR Mild cognitive II Computer program, MS-LINE! NP Treatment > control
and SP impairments 6-mo pilot study: treatment 2
22 in ex group and 21 in  assessed by the times per week consisting of
control group BRB-N engagement in 25min of
written, manipulated, and
computer-based exercises, in
combination with short daily
cognitive exercises at home
with a family member
Mattioli et al*® Attention and 41 participants with MS: Impaired in >1 tests II Computer: RehaCom e NP 1-y lasting effect
information 19 control and 22 in of the Rao’s Brief 15 consecutive weeks with a e QOL Treatment > control
processing speed and  treatment Repeatable Battery frequency of two 60-min e Fatigue
memory sessions per week e Mood
o 2-y follow-up®
Brenk et al*® Memory and attention 27 RRMS and 14 HC Not specified 111 Computer: Gripsgymnastik/ e NP Treatment > control
functions and Brain-Gym e Mood

planning and verbal
performances

Home-based 6-wk cognitive
training: the training
material consisted of 90
small tasks, to be solved
in 5min per task.
Participants could choose to
either work on the program
for 5d/wk in 3—4 units of 10
—15min/d or to complete
the whole weekly exercises in
1 session on 1 day of the
week.

(continued on next page)
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Table 2 (continued)

Study Domains Treated Participants Cognitive Impairment Classification Technique/Treatment Measures Results
Bonavita et al”/  Attention, information 32 RRMS: 18 patients  Cognitively impaired: III RehaCom: attention and e NP Treatment > control
processing, and assigned to a concentration, plan a day, e Resting state fMRI
executive functions computer CR, 14 to divided attention, reaction e Brain atrophy
nonspecific CR behavior, and logical
thinking sessions
8wk, twice a week for 50min
Mattioli, et al*®  Attention, information 20 participants with Impaired on both 111 RehaCom: plan a day and e NP Treatment > control
processing, and RRMS: 10 in PASAT and WCST divided attention e Mood
executive functions experimental group 3 consecutive months, on an e fMRI*
and 10 in no individual basis; each e Resting state®
treatment control session lasted for 1h, with a e 9-mo follow-up“®
group frequency of 3 sessions per

Shatil et al*’ Focused attention,

visuospatial learning,

and short-term
memory

Guclu Altun et al*® Cognitive skills

Sastre-Garriga Attention, working
et al*’ memory, processing
speed

Martinez-Gonzalez Attention information
and Piqueras’? processing, verbal
memory and
nonverbal memory,
executive function

32 RRMS

15 patients with

1 participant with MS

107 participants with RR Not specified level of III

and relapsing
progressive course: 59
interventions, 48
control (no
treatment)

impairments

Cognitive impairment III
was not specified.
EDSS >5.5 and
Beck Depression
Scale score >17

Impaired based on  III

nonspecified course MRI

of MS and 5 HC

Memory and 111
decision-making
impairments

week

Home based—computerized
CogniFit Personal Coach

3 times a week for a period of
12wk

Computer

15 computer-aided drill and
practice sessions and 5
non—computer-aided
cognitive stimulation group
sessions

5 wk-long cognitive
rehabilitation program
consisting of 3 weekly
sessions of computer-aided
drill and practice exercises

Combination home and clinic:
computer Cognitrain at home
with CBT with NP in the
clinic

o NP (related to the Treatment > control
treatment)
e Mood and fatigue

e NP Treatment follow-up >
baseline

fMRI Treatment > control on

e NP NP and MRI

MRI Treatment improved

NP function

Mood and QOL

Personality

1-y follow-up

(continued on next page)

00%

1€ 19 I9A0I3A0D A


http://www.archives-pmr.org

Evidenced-based rehabilitation in multiple sclerosis 401
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(Posit Science”) focused on improving processing speed and
working memory. The experimental group improved on one
measure of processing speed and attention (Paced Auditory Serial
Addition Test), and data trended toward significance on measures
within other domains. Two of the class III studies examined the
efficacy of the BrainStim program®®?’ to improve working
memory and processing speed. Hubacher et al*® did not find
consistent or reliable findings to support the efficacy of this pro-
gram. Vogt et al’’ compared intense versus spaced training using
BrainStim, noting that both courses of interventions led to sig-
nificant improvements in fatigue and working memory and mental
speed performances. Finally, Leavitt et al’® asked participants to
perform a computerized task that manipulated cognitive load, the
keeping track task, which was modified to test the effects of
processing speed on working memory. They found that partici-
pants performed the task better when they were given 3 seconds to
process the information compared with 1 and 5 seconds.

Recommendations

With 1 class II study providing mixed evidence®’ for the Posit
Science program, no recommendations can be made at this time.
Further, BrainStim is supported for use by one study,” but not by
the other.”® Therefore, no recommendations can be made at
this time.

Executive functions

Two studies in our review addressed executive functions specif-
ically, 1 class III study and 1 class II study. In the class III study,
Fink et al’® examined the efficacy of a treatment for executive
dysfunction consisting of textbook exercises for executive func-
tioning in addition to meeting with a psychologist weekly to
receive feedback and discuss the exercises. The authors reported
significant improvement in executive functions and verbal mem-
ory posttreatment. Verbal memory improvement was maintained
at 1-year follow-up. In a class I RCT,*! both the treatment and
control groups underwent neuropsychological assessment with
subsequent feedback and took part in general multidisciplinary
MS rehabilitation. The treatment group additionally participated
in cognitive group sessions and individual sessions. The main
focus was to formulate goal attainment scaling (GAS) for coping
with cognitive challenges (GAS is a method of scoring the extent
to which patients’ individual goals are achieved during the course
of intervention). For the 3 months after rehabilitation, the inter-
vention group received biweekly telephone follow-ups, focusing
on goal attainment. Both groups improved on the Global Execu-
tive Composite functioning score and the Metacognitive Index
score. Improvements in psychological well-being and psycho-
logical aspects of quality of life occurred only in the intervention
group, and also at 4- and 7-month follow-up assessment.

Recommendations

Given that only 1 class III study provided support for remediation
of impairments in the area of executive functioning using the
executive functions textbook exercises,’” it cannot be recom-
mended yet for practice and clearly more research is still needed.
Given that in Hanssen et al,®' executive functions improved in
both control and treatment groups, no recommendation can yet be
made regarding the use of the treatment they tested.

Metacognition

Metacognition refers to the humans’ ability to reflect on their
perception, thoughts, and actions.”” Two reviewed studies focused
on metacognition, both meeting criteria for class III evidence.
Shevil and Finlayson®® examined the efficacy of a 5-week inter-
vention to increase knowledge of cognitive impairment, increase
self-efficacy to manage cognitive impairment, and increase use of
management strategies. They also assessed maintenance of the
treatment effect at a 6-week follow-up. Results provided support
for this treatment. Knowledge of cognitive impairment and self-
efficacy were improved posttreatment, and the treatment effect
was maintained 6 weeks after treatment. Péttgen et al** studied the
efficacy of a group program using a program Metacognitive
Training in MS, consisting of 6 modules, each 90 minutes in
duration. The Metacognitive Training in MS improved self-
efficacy and mood, and reduced fatigue; however, it was only
tested with 11 participants.

Recommendations

Two class III studies provided initial support for remediation of
impairments in the area of metacognition. Although promising,
there is not enough research evidence to recommend any specific
approaches to the remediation of metacognition in persons with
MS at this time.

Nonspecific: multiple cognitive skills

In our previous systematic review,' only 4 studies were found that
were designed to improve multiple cognitive skills simulta-
neously. In the current review, 14 additional studies were identi-
fied that were designed to improve multiple cognitive skills, 2 of
which were classified as class I. The first study”® examined the
efficacy of a combined home/clinic treatment, combining com-
puter practice and strategy training using Memory, Attention, and
Problem Solving Skills for persons with Multiple Sclerosis
compared with a waitlist control group. They found that both
groups improved on cognitive skills (ie, minimal assessment of
cognitive function in MS battery) and the measures of strategy use
and neuropsychological competence in activities of daily living.
However, only the treatment group also showed improvement on
specific measures of verbal memory and the use of compensatory
strategies at 5-month follow-up. The second class I study’’ also
examined the efficacy of a combination treatment consisting of
strategy training, psychoeducational support, and computer
training on objective and perceived cognitive skills. In this study,
participants were asked to set goals related to attention prior to the
intervention using the GAS, and goal attainment was evaluated by
a neuropsychologist at the end of the intervention period. They
also received computer-based attention and working memory
retraining. The control group did not undergo an intervention.
Results indicated that the intervention did not significantly
improve objectively assessed cognitive functioning in the treat-
ment group, but the treatment group reported fewer cognitive
impairments.

Four studies were classified as class II. These studies were
RCTs that were typically lacking satisfaction of 1 criterion to
qualify for class I designation (ie, concealed allocation, definition
of primary outcomes). Two of the 4 studies used video games. For
example, Janssen et al*’ randomly assigned participants into a
waitlist control or treatment group that completed treatment via
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engaging in a video game (space fortress). Results demonstrated
significant skill acquisition related to the video game but negli-
gible effect on cognitive transfer.

Another class II RCT with a waitlist control group examined
the efficacy of a home-based treatment using a video game, Dr.
Kawashima’s Brain Training.*' Participants in the treatment group
played the video game. A trained psychologist visited the partic-
ipants 2 weeks after the initiation of the program to correct any
errors in the use of the video game training. Participants were also
phoned weekly to promote adherence. Results of this study
showed improvement in executive functions and information
processing speed compared with the nontreatment group, as
documented by performance on the Stroop test and the Symbol
Digit Modalities Test. Improvement was additionally noted in
aspects of quality of life and cognitive fatigue.

A third class IT RCT* examined the efficacy of MS-LINE!, a
combined home-clinic treatment designed to improve cognitive
functions that are based on the restoration of function. The control
group did not receive any treatment. The treatment group showed
significant improvement in memory, processing speed, executive
functioning, and naming. The fourth class II study in this
domain®’ examined the efficacy of the RehaCom computer pro-
gram, where modules were administered according to the partic-
ipant’s impaired neuropsychological function. Assessments were
conducted at baseline, immediately after treatment, and 1 and 2
years posttreatment.”* Improvements in memory and attention/
speed information processing were noted at 1 year posttreatment.
No effect was seen in executive functioning. Neither the treatment
nor the control group showed a significant change in quality of life
or depression.

The final 8 studies in this domain were classified as providing
class III evidence. Most of these studies examined the efficacy of
computer programs as means of treatment (eg, Gripsgymnastik/
Brain—Gym,45 RehaCom‘“’). For example, Mattioli et al*’ exam-
ined the efficacy of the RehaCom program (the modules used
included plan a day and divided attention) in a controlled trial with
10 participants in the treatment group and 10 in the control group,
showing that the RehaCom improved executive functions, infor-
mation processing, and attention immediately posttreatment and
also 9 months after treatment.”® Bonavita et al*® also examined the
efficacy of the RehaCom in a controlled study (using attention and
concentration, plan a day, divided attention, reaction behavior, and
logical thinking modules), reporting similar results to those of
Mattioli.*” In another example, Shatil et al*’ conducted a
controlled trial where they examined a home-based computer
training program using the CogniFit Personal Coach. The training
group showed more improvement than a no-treatment control
group in general memory verbal and visual working memory.
Participants also reported significant improvement in processing
speed and attention. Brenk et al*’ examined a computerized home-
administered program based on the Gripsgymnastik/Brain-Gym
using a pre-post study design. Treatment resulted in improved
visuoconstructive figural long-term memory and mood. Another
study with no control group showed improvement on cognitive
domains of attention and memory following a computer-based
treatment focusing on attention and memory function.’® Sastre-
Garriga et al’' examined the efficacy of a computer program in
combination with 5 group sessions of game-like activities based
on everyday situations. Patients showed improvements in cogni-
tive performance and brain activation after treatment. A combi-
nation of computer program treatment (Cognitrain) with
behavioral and neuropsychological treatment also showed
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promising results, with improvements noted in attention, executive
function, and verbal and nonverbal memory.’> Changes in patterns
of cerebral activation were additionally noted. This study, how-
ever, included only 1 participant and used an AB study design.
Finally, the ProCog-SEP program presented by Brissart et al> is
composed of exercises based on cognitive impairment reported in
MS literature. Before each session, a cognitive topic was
explained and the exercises were related to the cognitive topic
presented. Results indicated improved verbal episodic memory,
working memory executive functions, and verbal fluency in
comparison with an active control group.

Recommendations

Three studies used the RehaCom to treat multiple domains of
cognition, with 1 providing class II evidence and 2 providing class
III evidence. All 3 studies showed promising results. Although
RehaCom can be recommended as a practice guideline at this
point, more class I studies are needed to provide a recommenda-
tion for practice standard (table 3).

Discussion

The current literature review yielded 40 studies of CR specific to
persons with MS between the period of 2007 and 2016 that met all
study inclusion criteria (not including the 16 that were reviewed
previously"). Despite this increase in studies examining CR in MS
since our last review, only 1 practice standard can be recom-
mended. The mSMT can be recommended as a practice standard
at this time, with evidence from a well-designed class I study’ and
support from a class I study reviewed previously.” Two new
practice guidelines were generated from this review for the
attention domain. That is, Amato et al,’ supported the utility of a
computer program, APT to address attentional deficits in MS
through a class I study, and RehaCom to treat multiple cognitive
domains (modules used were attention and concentration, plan a
day, divided attention, reaction behavior, and logical thinking).
Practice options are recommended for attention and memory only.
Unfortunately, many of the studies reviewed could not generate
any practice recommendations, largely because of methodologic
issues. In this current review, studies that were classified as class II
or III lacked >1 of the following: RCT design, control group,
blinded/objective outcome assessment, concealed allocation, clear
identification of a primary outcome and inclusion/exclusion
criteria, and adequate sample size and accounting for dropouts.
Future studies should consider these criteria so new recommen-
dations can be generated.

Previous systematic reviews'~ recommended that future
research on CR in MS should focus on cognitive domains other
than learning and memory, while incorporating the highest
possible methodologic rigor in research protocols. The rapidly
growing literature on CR in MS demonstrates that these recom-
mendations were clearly taken seriously, with a noted shift in the
domains studied, now including attention, executive functions and
metacognition, working memory, and processing speed. Although
learning and memory still received substantial attention (15
studies solely target memory), 14 studies addressed >1 cognitive
domain (including attention, memory, and executive functions), 3
studies examined attention, 4 studies examined processing speed
and working memory, 2 studies focused on executive functions,
and 2 studies focused on metacognitive skills. There are likely
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Table 3 Recommendations based on evidence

Cognitive Domain

Practice Standards

Practice Guidelines Practice Options

Attention ND

Learning and memory mSMT?
Working memory and processing speed ND
Executive functions ND
Metacognition ND
Nonspecific/multicognitive domains ND

APT® RehaCom’

ND Music*?
Self-generation
Spaced trials®*

15,19,20

Visual imagery®*’
None ND
None ND
None ND
RehaCom*!#44° ND

Abbreviation: ND, no data.

several reasons for the increased inclusion of multiple cognitive
domains in one treatment. First, one can assume that the inclusion
of multiple treatment targets is more cost-effective and more
efficient. In addition, people with MS experience an array of
cognitive symptoms that may include >1 cognitive impairment,
and targeting multiple domains as opposed to individual domains
may allow for greater benefits in a comparable time period.
Finally, more studies in this current review examined the efficacy
of computer programs that are specifically designed to include >1
cognitive domain.

Shifts in methodology

The current literature review yielded 40 studies of CR specific to
persons with MS (in addition to the 16 previously reviewed').
These 40 studies included 6 new class I studies (4 previously), 9
class II studies (5 previously), and 25 class III studies (2 previ-
ously). Several notable patterns were revealed. First, we noted a
substantial increase of >100% in the number of studies conducted
in a comparable time frame. This indicates that more researchers
and clinicians view CR as a necessity for persons with MS. Second,
there was only a 50% increase in class I studies from the previous
review, with most of the studies reviewed here classified as class III
(ie, going from 2 previous class III studies' to 25). Therefore, it
remains difficult to recommend use of a specific treatment because
of the lack of rigorous methodology overall. There remains a need
for these promising interventions to be investigated further in larger
samples under strict methodologic conditions (ie, class I or even II).
Unfortunately, in the newer cognitive domains that have been more
recently investigated (attention, processing speed, executive func-
tioning, and nonspecific cognitive remediation), there was an
insufficient quantity of either positive results or methodologically
sound studies that could lead to recommendations for CR in-
terventions at this time. For example, Hanssen et al*' conducted an
RCT with 120 participants; however, they did not keep concealed
allocation or blindness of participants, which affected the level of
evidence this study produced. Therefore, future studies should
follow the AAN Classification of Evidence recommendations
criteria when planning an RCT.”

Shifts in the focus of interventions

In the previous systematic review,' only 25% of the studies used
computer programs as a basis for CR, in contrast with 40% of the
studies in the current review. Two-thirds of the studies included in

the 2008 review used behavioral strategies to improve cognitive
function, whereas less than one-third examined such modalities in
the current review. Some studies combined computer programs
with functional training (eg, GAS).””

Purely computer-based treatments have clearly increased in
popularity, likely because of the wide availability of technology and
recent technologic advances. Specifically, 5 studies (1 class I study,
1 class II study, and 3 class III studies) examined the efficacy of the
RehaCom program. Significant improvements were found in
attention’ and executive functions,”* with brain changes
noted,”* and sustained effects over time.** Additionally, some CR
programs used the computer for stimulus delivery (eg, mSMT).
Overall, many of the computer-based programs were shown to be
effective interventions with positive carryover at 6 to 12 months,
with some specific changes noted in brain function. However,
further research with larger sample sizes are required to move such
computer programs from practice guidelines to practice standards.

There has also been a rise in studies of CR programs that
combine an in-clinic treatment component with at-home
training.”* The application of technology to CR online or via
telerehabilitation is an important undertaking because there are
multiple reasons patients cannot attend in-person sessions. Such
situations call attention to the need for empirically validated
studies that examine remote interventions and home-
based treatment.

Outcomes: imaging and functional outcome

Our 2008 review' documented cognitive functioning was the main
focus of outcome evaluation, assessed via a neuropsychological
assessment. Although researchers continue to use the neuropsy-
chological assessment as the criterion standard for evaluating
change in cognitive functioning, many studies are now including
additional evaluations of outcome, namely imaging parameters.
For example, Chiaravalloti et al'' examined the effect of mSMT
treatment on changes in patterns of cerebral activation from before
to after treatment, particularly in areas of the brain related to
learning and memory, but also in related networks and other areas.
Functional connectivity has similarly been applied to examine
communication within neural networks and changes in neural
communication after treatment.'® Neuroimaging has been further
used to test effectiveness of specific computer-based interventions
(eg, RehaCom,*** BrainStimzs).

Despite that daily life functioning is central to the concerns of
persons living with MS, few studies examined changes in daily
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life functioning after CR. Only a few studies reviewed evaluated
objective functional outcome posttreatment. Goverover et al*’
examined the functional outcome of incorporating self-
generation in performance of everyday life activities, and
Hanssen et al®' examined the use of the GAS in training, which
emphasizes goals related to everyday activities. Chiaravalloti,”
Gentry,” and colleagues reported changes in daily life via self-
report but did not examine changes in daily life functioning via
an objective assessment. Functional daily life outcomes are
essential to fully evaluate the efficacy of CR to enable the docu-
mentation of generalization and transfer to daily life. Clearly,
future studies need to examine the effect of CR on objective
measures of everyday life functioning.

Many studies included in the current review also examined
psychological outcomes (eg, mood, depression). It is important to
examine such outcomes in the MS population because psycho-
logical symptoms are common™ and can cause significant dis-
ruptions to the quality of life in persons with MS. Some studies
have shown these emotional symptoms to improve after CR in
persons with MS,("5 ® whereas others reported increased self-
efficacy”™ and improved self-management.®

A review that explored the role of occupational therapy in CR
for the MS population®” called for more studies to assess both
short- and long-term effects of interventions targeting specific
cognitive domains. In this current review, 10
studies®?"!#19:23:3133.3839 oy amined the long-term effect of the
intervention at <1 year posttreatment. An additional 2 studies
examined long-term effects after the original studies’”*’: a
9-month follow-up*® and a 1-year follow-up,’® respectively. Only
2 studies’>** examined the treatment effects of >1 year after the
treatment, and one of them™ was a follow-up study on the long-
term efficacy of the RehaCom.*’ The current reviewers concur
with this recommendation,’” emphasizing the need to assess long-
term functional outcomes to strengthen the claim that an inter-
vention has lasting effects. The evaluation of long-term outcomes
is essential to facilitate a cost-benefit analysis for any treatment
administered. The longer the treatment effect lasts, the greater the
benefit to the patient. Additionally, researchers and clinicians
should seek to identify mechanisms by which the treatment effect
can be maintained for longer periods of time. An example of such
mechanisms might include booster sessions, used in other pop-
ulations to facilitate the maintenance of a treatment effect
over time.””

In sum, the current review noted various ways to document CR
outcomes; however, much necessary work remains to assess
generalization and transfer of the interventions, in addition to the
identification of mechanisms to maintain long-term CR effects.

Study limitations

In the review, we attempted to reduce bias by performing a
systematic search of all available studies. However, it may be
possible that a few studies were missed. Additionally, we did not
include unpublished studies, the inclusion of which could add to
the recommendations offered. The possibility of a potential
publication bias cannot also be eliminated because positive ef-
fects are more likely to be published, whereas relevant studies
with unclear or negative results usually remained unpublished.
Meta-analysis was additionally impossible to perform because of
an insufficient number of studies with similar outcomes. It is
important to note that we are leaders in the investigation of
treatments to improve cognition in persons with MS. Although
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this does leave us open to potential bias, such bias is highly
unlikely for several reasons. We were careful in methodology,
including (1) using strict review criteria as has been used in
previous reviews and (2) the authors of an article were not
eligible to review their own article.

Conclusions and future directions

It is clear from this review that a great deal of progress has been
made regarding the identification of effective treatments for
cognitive deficits in persons with MS. However, much work re-
mains to be done to optimize the rehabilitation potential for per-
sons with MS. Our assessment of study quality provided important
information to improve future research on CR in MS. Of note,
many of the studies that were reviewed lacked an active control
group, adequately powered samples, a significant follow-up period
of testing, a clear differentiation between near and far transfer, and
a consideration of individual differences.

We additionally note that methodologic characteristics of the
participants indicated that most had mild-to-moderate MS. It is
also important to highlight that, in an attempt to make the MS
samples more homogeneous, some studies required documented
cognitive impairment for inclusion. Others studies, however, did
not require this, resulting in more heterogeneity in the study
samples regarding both neurologic disability and symptoms. Such
differences between studies make it more difficult to establish
practice recommendations in MS. Further, many studies are
hampered by poor communication of study methodology and
unclear terminology.

It is only through the conduct of additional, methodologically
rigorous studies that the best treatment techniques will be avail-
able for our patients and pragmatically will insurance companies
reimburse clinicians for such treatments. In conclusion, substantial
progress has been made in CR in MS lending to the provision of
practice recommendations in the current evidence-based review.
However, much work remains to be done, and researchers should
continue to focus on methodologically rigorous designs with novel
outcomes and long-term assessments.
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Appendix 1

Definitions of the 3 levels of recommendations*

Practice Standards

Practice Guidelines

Practice Options

Based on at least 1, well-designed class I

study with an adequate sample, or
overwhelming class II evidence, that
directly addresses the effectiveness of the
treatment in question, providing good
evidence to support a recommendation as
to whether the treatment be specifically
considered for persons with acquired

Based on well-designed class II studies with

adequate samples that directly address the
effectiveness of the treatment in question,
providing fair evidence to support a
recommendation as to whether the
treatment be specifically considered for
persons with acquired neurocognitive
impairment and disability.

Based on class II or class III studies, with
additional grounds to support a
recommendation as to whether the
treatment be specifically considered for
persons with acquired neurocognitive
impairments and disability, but with
unclear clinical certainty.

neurocognitive impairments and disability.

Reprinted with permission from Cicerone et al.”
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