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Robert Teasell, MD, FRCPC; Amanda McIntyre, RN;

Penny Welch-West, MClSc, SLP Reg CASLPO; Ailene Kua, MSc, PMP;

Mark Theodore Bayley, MD, FRCPC

Introduction: Memory impairments affecting encoding, acquisition, and retrieval of information after moderate-
to-severe traumatic brain injury (TBI) have debilitating and enduring functional consequences. The interventional
research reviewed primarily focused on mild to severe memory impairments in episodic and prospective memory.
As memory is a common focus of cognitive rehabilitation, clinicians should understand and use the latest evidence.
Therefore, the INCOG (“International Cognitive”) 2014 clinical practice guidelines were updated. Methods: An
expert panel of clinicians/researchers reviewed evidence published since 2014 and developed updated recommen-
dations for intervention for memory impairments post-TBI, a decision-making algorithm, and an audit tool for
review of clinical practice. Results: The interventional research approaches for episodic and prospective memory
from 2014 are synthesized into 8 recommendations (6 updated and 2 new). Six recommendations are based on
level A evidence and 2 on level B. In summary, they include the efficacy of choosing individual or multiple
internal compensatory strategies, which can be delivered in a structured or individualized program. Of the external
compensatory strategies, which should be the primary strategy for severe memory impairment, electronic reminder
systems such as smartphone technology are preferred, with technological advances increasing their viability over
traditional systems. Furthermore, microprompting personal digital assistant technology is recommended to cue
completion of complex tasks. Memory strategies should be taught using instruction that considers the individual’s
functional and contextual needs while constraining errors. Memory rehabilitation programs can be delivered in
an individualized or mixed format using group instruction. Computer cognitive training should be conducted
with therapist guidance. Limited evidence exists to suggest that acetylcholinesterase inhibitors improve memory,
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so trials should include measures to assess impact. The use of transcranial direct current stimulation (tDCS) is not
recommended for memory rehabilitation. Conclusion: These recommendations for memory rehabilitation post-
TBI reflect the current evidence and highlight the limitations of group instruction with heterogeneous populations
of TBI. Further research is needed on the role of medications and tDCS to enhance memory. Key words:
acetylcholinesterase inhibitors (AChE), amantadine, cognitive rebabilitation, errorless learning, external memory compensatory
strategies, group rehabilitation, instructional strategies, internal memory compensatory strategies, memory compensatory strategies,
memory enbancing medications, memory rehabilitation, methylphenidate, neurostimulation (tD CS), restorative memory strategies

M EMORY IMPAIRMENTS are the most fre-
quently reported cognitive deficit following
moderate-to-severe traumatic brain injury (MS-TBI).!
The resulting disruption in learning and task com-
pletion can range from mild to severe memory im-
pairment, and is associated with significant functional
consequences’ persisting up to a decade post-injury.!+33
Consequently, management of memory impairments
is one of the most common areas of intervention
in cognitive rehabilitation.® The most frequently de-
scribed memory impairments are in prospective and
episodic (retrospective) memory.”:8 Prospective memory
describes the ability to remember to carry out a planned
intention or action at a future time, while episodic
memory describes the recollection of prior information
or events.’” Both involve the encoding, storing, and
retrieval of information, with prospective memory also
including planning, initiation, and monitoring of out-
comes related to the specified future intention or action,
necessitating more executive skills.!%!! After MS-TBI
most individuals will experience injury to cortical sys-
tems affecting prospective and episodic memory due to
the disruptions to multiple brain regions, particularly
frontal and temporal lobe regions.®11> Approaches
to the management of prospective and episodic mem-
ory impairments can be classified into compensatory
strategies and restorative techniques.!* Compensatory
approaches reduce the impact of memory impairments
on functional tasks, whereas restorative approaches use
repeated practice in an attempt to restore function.!

The original INCOG guideline translated the rehabil-
itation literature related to the management of memory
impairments following MS-TBI up to 2014 into clinical
practice guidelines.!® The objective of the current review
was to update the clinical practice guideline based on
the memory rehabilitation literature from 2014. This is
an important update, as memory strategies are the most
frequently addressed area of cognitive rehabilitation by
clinicians working in TBIL.17

METHODS

The reader is referred to the methods paper of this se-
ries INCOG 2.0: Methods, Overview, and Principles)!3
for a complete review of the strategies used in the
updated literature review and development of the rec-
ommendations and other tools. In brief, the updated

INCOG (with INCOG being an acronym for “In-
ternational Cognitive”) guideline follows a thorough
search, review, and critical evaluation of currently pub-
lished studies. An international expert panel comprising
TBI cognitive rehabilitation researchers and clinicians
formed the authors. In preparation, a detailed Internet
and Medline search was conducted to identify new
published TBI and cognitive rehabilitation evidence-
based guidelines (from 2014). A systematic search (2014
to July 2021) of multiple databases (Medline, Embase,
Cochrane, CINAHL, and PsycINFO) was also con-
ducted to identify TBI articles and reviews. Research
articles meeting inclusion but published after July 2021
were added based on the discretion of the expert panel.
Two authors independently aligned the research articles
within the existing INCOG guidelines and flagged areas
where new guidelines may be warranted based on the
research evidence. This synopsis of evidence for memory
was distributed to the INCOG 2022 memory working
group. During the series of videoconference meetings,
the working group examined the recommendations ma-
trix and updated some recommendations based on new
evidence, articulated novel recommendations based on
the new evidence available, and considered the clini-
cal utility of recommendations to enhance meaningful
outcomes for individuals with MS-TBI. For each recom-
mendation, the cumulative evidence (studies used in the
original guidelines and new articles) was evaluated by
the panel in terms of study design and study quality, to
determine the level of evidence grading (see Table 1). All
relevant references from 2014 were consolidated into a

INCOG level of evidence
grading system

A: Recommendation supported by at least one
meta-analysis, systematic review, or randomized
controlled trial of appropriate size with relevant
control group.

B: Recommendation supported by cohort studies
that at minimum have a comparison group
(includes small randomized controlled trials) and
well-designed single-case experimental designs.

C: Recommendation supported primarily by expert
opinion based on their experience, though
uncontrolled case studies or series may also be
included here.
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reference library that was made available to the author
teams, as they drafted the manuscript and finalized the
recommendations accordingly. Consensus of the work-
ing group was reached when members unanimously
agreed to the wording and evidence grading assignment
of all the recommendations. The team added new refer-
ences related to assessment and management of memory
for inclusion in the recommendations in this article.
The clinical algorithm was updated accordingly in the
management of memory.

LIMITATIONS OF USE AND DISCLAIMER

These recommendations are informed by evidence
for TBI cognitive rehabilitation interventions that was
current at the time of publication. Relevant evidence
published after the INCOG guideline could influ-
ence the recommendations contained herein. Clinicians
must also consider their own clinical judgment, patient
preferences, and contextual factors such as resource
availability in their decision-making processes about im-
plementation of these recommendations.

The INCOG developers, contributors, and supporting part-
ners shall not be liable for any damages, claims, liabilities, costs,
or obligations arising from the use or misuse of this material,
including loss or damage arising from any claims made by a
third party.

RESULTS

Recommendations and literature review

The current guidelines outline rehabilitation ap-
proaches to managing memory impairment based on
studies published from 2014 for which at least half the
study sample sustained an MS-TBI. There are 8 rec-
ommendations with the supporting evidence presented
below. Table 2 sets out the recommendations and sup-
porting evidence.

Memory #1: Teaching internal compensatory strategies may
be used for individuals with TBI who have memory impair-
ments. Their use tends to be most effective with individuals
who have mild-to-moderate memory impairments and/or some
preserved executive cognitive skills. They include instructional
strategies (eg, visual imagery, repeated practice, retrieval prac-
tice, and Preview, Question, Read, State, Test [PORST]) and
metacognitive strategies (eg, self-awareness and self-regulation).
Using multiple strategies is considered effective. They can be
selected separately or combined in a structured program. Strate-
gies can be taught individually or in a group format. With
severe memory impairment, internal compensatory strategies
that are effective may be used in conjunction with external mem-
ory compensatory strategies (updated from INCOG 2014,
Memory 1, p. 374).

Level A Evidence.

This recommendation in the INCOG 2014 guideline
was supported by level A evidence. Supporting stud-
ies, which were conducted in an experimental setting,
focused on improving episodic memory via teaching
techniques, which elaborated on information in a mean-
ingful manner. These techniques include mnemonics,
visual imagery, retrieval practice, self-instructional tech-
niques, or the PQRST method.!*??> Improvement on
more practical tasks using structured visual imagery
was also demonstrated for episodic memory,? and for
prospective memory'®-2* with the imagery content being
relevant to the specific memory process.

New evidence did not change this recommendation
but did strengthen existing evidence. For example,
Sumowski et al>* compared the efficacy of retrieval
practice, massed restudy and spaced restudy on episodic
memory using a within-subject design. Individuals with
severe memory impairment following TBI completed
a 15-week instructional program. Repeated retrieval
practice, emphasizing increased meaningful exposure
to information, was associated with better short- and
long-term recall, particularly when the strategy was in-
corporated into daily routines.?*

Metacognitive processes often described as “strategies”
are typically used to strengthen the association between
prospective memory cues and intended actions resulting
in reduced forgetting in daily tasks.?® Raskin et al?® pub-
lished a comprehensive review of prospective memory
and noted that internal compensatory strategies such as
awareness training should be defined separately, as they
focus on improving the cognitive functions required to
carry out an intended task. Therefore, the current rec-
ommendation was modified to separate metacognitive
strategies from other internal compensatory strategies.
Integrating structured visual images is often used to
increase the awareness of cues for intended tasks and
is strongly associated with reduced forgetting in many
practical situations.!?>?”-2 New evidence strengthened
support for the use of visual imagery through techniques
such as future event simulation, which in a controlled
trial study, was associated with significant improvement
in prospective memory tasks.’’ Raskin et al3! used im-
agery strategies based on this simulation technique in
a crossover controlled designed study, finding improve-
ments in prospective memory tasks generalized to daily
tasks and were maintained over 1 year. The use of
visual imagery remains strongly supported, and new evi-
dence supports the efficacy of enhancing visual imagery
techniques.

Teaching multiple internal strategies is recommended,
delivered individually or within a structured train-
ing program, as this has been shown to be effective
in improving performance on standardized, behav-
ioral, and prospective memory tasks delivered in a
group or individual format.3?-3¢ The ability to impact

www.headtraumarehab.com
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multiple memory systems using a structured behav-
ioral memory intervention was demonstrated using the
modified Story Memory Technique (mSMT) in a ran-
domized controlled trial (RCT) design with MS-TBIL.’
Improvement on initial acquisition and learning using
objective measures and on prospective memory tasks
were found, with additional observations of reductions
in disinhibited behavior.?” Structured programs teach-
ing strategies were also evaluated when delivered in
a mixed individual/group format incorporating com-
puterized instruction with supported individualized
instruction, and showed significant improvement on
functional memory measures as reported by family and
participants.3

Memory #2: Environmental supports and reminders (eg,
mobile/smartphones, notebooks, and whiteboards) are rec-
ommended for individuals with TBI who have memory
impairment, especially for those with severe memory impair-
ment. Individuals with TBI and their caregivers must be
trained in how to use these supports.

The selection of environmental supports and reminders
should take into account the following factors:

o Age

o Severity of impairment

* Premorbid use of electronic and other memory devices

* Cognitive strengths and weaknesses (eg, executive cognitive

skills)

* Physical comorbidities

* Affordability, portability, and reliability

(updated from INCOG 2014,' Memory 2 and 3, p. 378).

Level A evidence.

The INCOG 2014 guidelines provided an extensive
review of the support for the use of external compen-
satory aids including assistive technology in reducing
the functional burden of severe memory impairment,
as well as the importance of training caregivers.'4:15-3%:40
Traditionally, strategies focused on paper and pencil aids
including notebooks, customized memory books, orga-
nizers, and planners.~* With advancing technology
there has been considerable research into the application
to external memory aid systems, which has modified the
current recommendation. New evidence supports the
existing recommendation while adding considerations
for the integration of new and advancing technologies.

Personal digital assistants (PDAs) were developed to
provide structured cueing to prompt individuals to com-
plete various tasks. Using an RCT design, individuals
trained on a PDA showed improved Goal Attainment
Scaling scores and subjective caregiver measures com-
pared with those treated by an occupational therapist
on nonelectronic memory aids.** Additional findings
emphasized the importance of ensuring the device was
appropriate to the individual, incorporating awareness
training, and on the importance of training caregivers.*
Increasing adoption of technology to compensate for

memory impairments should also consider the afford-
ability, reliability, and portability of the device, which
can be a challenge with PDAs.*

Consequently, an increasing number of studies are ex-
amining implementation of smartphones with Internet-
based calendars including email and social networking.
Evald* examined the impact of a comprehensive 6-week
training program in the use of smartphone technol-
ogy delivered in both individual and group formats.
Improvements on self-report prospective memory mea-
sures and on practical tasks were found, with most
participants continuing to use their smartphone at
follow-up. Qualitative analysis showed that adoption
of new technology was associated with features such
as their “all-in-one” capability, device availability, and
their audio/visual reminders, which facilitate remem-
bering to attend appointments, completing functional
tasks as well as being associated with improved mood
and increased independence. Disadvantages of smart-
phones identified by users included limited battery
life, loss or failure of the device, and some feelings
of increased dependence.*’->! Younger individuals with
more preinjury technology experience showed increased
use of mobile phones when calendars, reminders, and
prompting cues were integrated.’?>* In a controlled pre-
/postsurvey study, over 75% of individuals with TBI
and noninjured matched controls used smartphones for
communication, memory, organization, and Internet
access citing portability, convenience, ease in learning,
and quality of the display as key factors in adopting
new technology.®* The degree to which smartphones
reduce memory demands may be the focus of future
research.

O’Neill et al®> discussed 2 levels of prompting,
with smartphones delivering prospective prompts, and
microprompting strategies supporting completion of
complex tasks by organizing and cueing steps. Micro-
prompting was incorporated into a PDA designed to
resemble the scaffolding of instructions provided by
caregivers during complex tasks. Using an RCT design,
the microprompting device was found to reduce the
number of support workers required by participants.
The device would deliver prompts to which it would
await certain responses and without input would deliver
prompting questions.”> These positive findings were
consistent with prior work.>®%

Integrating alerting cues/reminders into a structured
prospective memory training program improved the
awareness of future tasks and strengthened functional
outcomes.’®>° The use of electronic reminder sys-
tems is supported as an external memory aid and
combined with internal compensatory techniques to
optimize compensation of memory impairments. More
high-quality studies are still required to understand im-
plementation and functional impact.??:%0
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Memory #3: Cognitive skills training for MS-TBI, across all
levels of memory impairment, should be strategy-focused and
conducted by a TBl-experienced therapist who can facilitate
the functional integration of the strategy being practiced into
meaningful and practical tasks. There is little evidence for using
restorative lechniques such as compulerized cognilive lraining
(CCT) alone (updated from INCOG 2014,' Memory 7,
. 382).

Level B evidence.

Restorative approaches were developed based on
the theory that repeated or mass practice trials of a
specific cognitive process would engage mechanisms
of neuroplasticity to strengthen or restore the im-
paired process with the hope of achieving functional
improvements.®!®? Initially, this started with paper
and pencil tasks,®® which have been largely replaced,
through technological advances, by computerized cog-
nitive training (CCT). Prior evidence showed that, when
applied as a singular treatment, improvements were con-
fined to the trained task with poor generalizability to
functional outcomes.®%-¢>

This was supported by recent evidence using con-
trolled trial studies in the TBI population when CCT
was delivered as an isolated task.®®®” Findings from
systematic reviews show no compelling findings for
memory improvement beyond subjective reports in
the TBI population.®®:¢° A retrospective chart review
evaluating the ThinkRx computerized program, requir-
ing completion of increasingly difficult game-like tasks
with a clinician present to facilitate implementation
of strategies, showed some improvement in functional
long-term memory tasks.”? No compelling evidence has
emerged to change this recommendation.

Memory #4: There are several key instructional practices
that can promote learning for indrviduals with TBI memory
impairments, which include:

* Clearly defining intervention goals

* Selection of and training of goals that are relevant to the
person with TBI (ie, ecologically valid)

* Allowing sufficient time and opportunity for practice

* Breaking down tasks into smaller components such as task
analysis when training multistep procedures

* Use of distributed practice

o Teaching strategies wusing variations in the stim-
uli/information being presented (eg, multiple exemplars)

o Teaching strategies to promote efforiful processing of in-
formation/stimuli (eg, verbal elaboration and wvisual
imagery)

* Use of techniques that constrain errors (eg, errorless, spaced
retrieval)

o Consider the use of behavioral memory strategies with a
focus on context and imagery in the acquisition phase of
learning

(updated from INCOG 2014,'¢ Memory 4, p. 379).

Level A evidence.

There has been no evidence to change this recom-
mendation from the INCOG 2014 guidelines, which
summarized the evidence related to the instructional
techniques associated with effective learning when
teaching skills, specific information, the use of internal
and external compensatory strategies, and prospective
memory tasks.”'”7® Important teaching principles in-
cluding breaking down specific instructional sequences
to teach completion of a functional task,’* using
spaced retrieval,2*77:7® and distributed practice recall”
remain relevant. Further, employing multiple instruc-
tional methods was effective when teaching a variety
of functional tasks.?8:30 Systematic instruction using ap-
proaches such as task analysis is effective in teaching
functional tasks. Structured cognitive training programs,
developed to teach specific prospective memory skills,
are associated with good generalization of learned
skills.”>-81 Ensuring that instructional training is error-
less or constrains errors®?=3? was further supported in a
recent review article.”’

Memory #5: Group-based interventions may be considered
Jor teaching memory strategies with individuals with M S-TBI,
but there is no evidence that it is more ¢ffective than individ-
ually oriented rebabilitation. Consider reducing heterogeneity
in group membership, encourage participation for an adequate
number of sessions, and teach generalization of learned skills
(updated from INCOG 2014,'° Memory 5, p. 381).

Level A evidence.

The INCOG 2014 recommendation related to group-
based interventions summarized the level A evidence
supporting such interventions. Studies were conducted
at least 1 year post-injury with primarily MS-TBI, and
were shown to successfully instruct the use of external
compensatory strategies,’! structured and individual in-
ternal compensatory strategies, metacognitive memory
strategies while fostering social support and reducing
affective symptoms.’?%3

This recommendation was modified based on new
evidence. This included a review of the efficacy, and cost
of group-delivered cognitive rehabilitation was exam-
ined in a multi-center, 2-arm, parallel-group, pragmatic
RCT.” The intervention was a manualized 10-week
group memory rehabilitation program (ReMemBrin)
that included attention retraining (letter cancellation
task), instruction in internal strategies to deepen the
encoding process, and assistance in choosing external
compensatory aids. Instruction emphasized errorless
learning and the use of strategies based upon func-
tional needs. The intervention group was compared to
a control group receiving “usual care” that involved
limited memory training. Study results showed no sig-
nificant difference between the 2 groups on behavioral
and subjective memory measures, or on quality-of-life
analysis. The lack of treatment effect was consid-
ered in the context of practice effects associated with
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test-retest administration, which has been shown on
memory measures to produce moderate effect sizes
in control groups.?*3 Participants were quite heteroge-
neous in terms of acuity and severity with inclusion
commencing at 3 months post-injury, and with partici-
pants “who attended not to obtain help but for altruistic
reasons.” The recruitment strategy precluded description
of TBI severity, as participation was based upon the
ability to attend the same day at a specific venue. Finally,
attendance was variable with about 77% of participants
attending at least 4 or more sessions of the 10.

Le$niak et al®® conducted an RCT comparing the
efficacy of group and individual memory rehabilita-
tion to a no-treatment control. Participants were mixed
TBI (49%) and cerebrovascular accident, encephalitis
patients (51%) with memory impairment either diag-
nosed by a professional, observed by a family member,
or reported by the patient, with no classification of
impairment severity. Participants’ average pretreatment
Rivermead Behavioural Memory Test (RBMT) scores ap-
peared to be at a relatively mild impairment level. Both
treatment groups received structured memory training
over 15 sessions with differences in delivery of strategies.
Group intervention was a structured program with ac-
cess to a facilitator and an emphasis on members sharing
strategies. Individual intervention involved comput-
erized practice of memory strategies with supervised
training of strategy implementation. Significantly im-
proved posttreatment RBMT scores were found for all
3 groups, with the intervention groups showing greater
relative improvement, but not significantly greater to
that of the control group. Again, control group im-
provement was considered in the context of studies
demonstrating a treatment effect in memory rehabil-
itation studies, with similar effect sizes found in the
current study. Participants with individual instruction
performed better on computerized outcome measures
whereas those in the group intervention showed greater
improvements on practical tasks, likely a reflection on
how memory strategies were practiced. These findings
further support the recommendation to consider re-
ducing heterogeneity in group membership and that
strategies should be generalizable to functional tasks.
Prior studies that produced less equivocal results in a
group setting ensured that participants had similar levels
of memory impairment, members completed required
sessions, and all participants were in the chronic stage
of recovery post-TBL.

Memory #6: The acetylcholinesterase inbibitor (AChHEI),
donepezil, may be considered for adults with TBI who have
deficits in memory and are in the chronic stage of recovery.
The effects of the medication should be assessed using objective
and functional measures. Patients should be monitored for side
effects such as diarrhea, stomach upset, and nausea (updated
Srom INCOG 2014,'° Memory 6, p. 381).

Level A evidence.

Cortical mechanisms mediating episodic memory
consolidation involve medial temporal lobe structures
and are regulated by the cholinergic neurotransmitter
system. Acetylcholinesterase inhibitors (AChEI) have
been associated with improvement in objective mea-
sures of memory performance in the chronic adult TBI
population. A recent systematic review examined the
effects of AChEI on cognition for individuals with
MS-TBL.% Due to the lack of well-controlled studies,
inclusion criteria were modified to include less severe
injury, a minimum of 5 participants, and participants
taking centrally activating drugs. The review yielded
3 studies, all of which were included in the previ-
ous INCOG 2014 guideline, noting modest effects of
rivastigmine and donepezil on self- report, but not stan-
dardized, measures of memory.”’"1% Previous evidence
also included the RCT by Zhang et al'®" demonstrat-
ing improvement in short-term memory recall with
donepezil, as well as open-label studies showing very
modest results on standardized memory measures in the
more chronic phases of TBI recovery.'%71%7 More re-
cently, the use of rivastigmine was assessed in individuals
with MS-TBI in a randomized double-blind, placebo-
controlled trial study across 5 Veterans Centers.!% Of
the 96 participants, about two-thirds had mild TBI
and the remaining had MS-TBI. Results showed no
significant improvement across a range of standardized
memory measures including the subgroup of partici-
pants with MS-TBI.1%8

The use of donepezil in acute and subacute TBI pop-
ulations was not supported in a study by Campbell
et al,'® who employed a retrospective longitudinal
analysis of nonrandomly prescribed donepezil with 55
participants with MS-TBI compared with 74 controls
receiving standard TBI treatment. No significant differ-
ences were found on standardized memory measures
or on the Disability Rating Scale or Functional Inde-
pendence Measure scores. This evidence would support
donepezil being considered for use in the chronic stage
post-injury.

Memory #7: Transcranial direct current stimulation (tDCS)
should not be used to improve memory outside of the context of
a randomized controlled trial INCOG 2022).

Level A evidence.

This is a new recommendation and is based on studies
examining the application of the noninvasive neu-
rostimulatory and neuromodulatory techniques of tran-
scranial direct current stimulation (tDCS) in MS-TBI
when standard rehabilitation has been ineffective.!!?
tDCS applies low-amplitude direct current to focal scalp
regions inducing cortical excitability.!!! A systematic
review!!? found 2 controlled trial studies using tDCS
to determine the impact on memory in a severe TBI
population. The first RCT pilot study!!? of participants
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with severe TBI applied 15 sessions of computerized
memory training along with tDCS compared with
sham. Large effect sizes for treatment and sham groups
were reported with no between-group differences.
The second RCT study by Ulam et al''* examined
the application of repeated sessions of tDCS on
electroencephalogram (EEG) oscillations and neu-
ropsychological tests (including immediate and delayed
memory for verbal and visual-spatial material). EEG
findings after 1 session of tDCS demonstrated increased
cortical excitability, which was associated with cognitive
performance improvements; however, no difference
between the active and sham groups on standardized
cognitive tests including memory was found. Rushby
et al'’> addressed possible methodological challenges
of using a sham control by employing a single-blind,
randomized, within-group, crossover design with 30
participants with MS-TBL In this protocol a single
session of tDCS was applied while performing a
working memory task (N-back) with no impact for
active treatment.!!®117 Currently, there are a number
of methodological differences and issues related to the
application of tDCS for cognitive rehabilitation!!¢-117
and it should not be considered beyond experimental
trials.

Memory #8: Methylphenidate and amantadine should not
be used to improve memory (INCOG 2022).

Level A evidence.

This is a new recommendation based upon investiga-
tions of the impact of these medications on memory.
The results of a systematic review did not show com-
pelling evidence to support the use of methylphenidate
to improve memory in individuals with TBL!8 A
meta-analysis of 17 studies,!!” reviewing the evidence
for cognitive improvement following administration
of methylphenidate to individuals with TBI relative to
controls, found no impact on memory measures. Jenk-
ins et al'?? included measures of episodic memory in
his RCT study assessing the impact of methylphenidate
on cognition by stratifying patients based on dopamine
transporter binding. No effects for memory were
found.

One meta-analysis reviewed the effects of amantadine
on cognition following TBI synthesizing data from 20
eligible studies.!?! Very modest generalized improve-
ments in cognitive functioning were reported relative
to the control group across studies, but no conclusions
could be made for memory as it was an embedded
measure in the computerized protocols.

Finally, Hammond et al'?? assessed the impact of
amantadine on memory in an RCT of 200 mg (twice
daily) of amantadine for 60 days with 119 participants at
least 6 months post-TBI. Memory-related results showed
improvement in both control and treatment groups.

This was posited to indicate strong practice effects, with
results demonstrating that amantadine did not improve
memory performance.'?? In combination, the studies
published to date examining the use of methylphenidate
and amantadine do not provide sufficient evidence
for their use in ameliorating memory impairments
post-TBL.

Algorithm

Clinicians are encouraged to follow the decision algo-
rithm in the Figure 1 that highlights how to navigate
through this series of guidelines.

Audit tool

Table 3 outlines the items that could be audited
from the chart. Clinicians and organizational leaders
are encouraged to use these tools in review or audit of
individual patient charts to determine degree of adher-
ence to the recommendations. This is most successful
in changing practice when these audit results are fed
back to the team for discussion of opportunities for
improvement.

DISCUSSION

Memory impairment is a common consequence of
TBI and requires assessment using measures of prospec-
tive and episodic memory, as well as evaluation of
the impact on daily functioning. Rehabilitation goals
should be developed that realize meaningful and prac-
tical outcomes. This can be achieved by implementing
singular or multiple internal and metacognitive com-
pensatory strategies in accordance with the type of
memory impairment and generalized to practical situ-
ations. Structured visual imagery is the most commonly
used internal compensatory strategy with episodic and
prospective memory impairment and has the most
effective functional outcomes when integrated with
metacognitive techniques such as awareness training.
Technological advances have improved the choices in
external compensatory strategies. Mobile/smartphone
technology is being increasingly selected as a reminder
strategy based upon comfort, experience, and con-
sideration of availability, portability, reliability, and
cost efficiency. Paper and pencil organizational systems
remain relevant for those not comfortable with technol-
ogy. Both are effective prospective prompting systems
that reduce forgetfulness of future intentions or tasks.
The use of a PDA for microprompting is effective for
completion of complex tasks where reduction of sup-
port staff may be required; however, accessibility and
cost may be challenging. Well-established problems of
generalizability to practical tasks remain a limitation for
restorative techniques such as CCT.
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Memory
Impairment

-

Assess severity using
standardized functional
measures.

Severe Moderate
Consider external
compensatory strategies and Consider selecting some
appropriate internal combination
compensatory strategies, but :
first, [
v v v
AsEpss: If computerized cognitive
’ External compensatory Use of multiple internal skills training is
- Patient characteristics (i.e., device(s)/strategies (e.g., compensatory strategies considered, it must be
age, level of impairment, mobile smartphones, (i.e., visualization, supported by a clinician
premorbid use of electronic notebooks and metacognitive strategies and focus on functional
and other memory devices, whiteboards). etc.). integration of the memory
cognitive strengths and _ strategy.
weaknesses, physical
comorbidities as well as
reliability, portability of the T
device) Assess:
-Functional needs - Patient characteristics
(i.e., age, level of
-Preferences impairment, premorbid use
| of electronic and other
memory devices, cognitive
strengths and weaknesses,
physical comorbidities as
well as reliability, portability
Select appropriate device(s)/ of the device)
strategies (i.e., environmental ;
supports and reminders). -Functional needs
-Preferences

.

Select appropriate
device(s)/ strategies

v
Choose individual and/or group-based interventions.

v

Use key instructional practices to teach implementation of internal and/or external
devices(s) / strategies.

A4

Note: Consider AChEI donepezil only if in chronic TBI and using a functional measure to assess impact.
Figure 1. Memory algorithm.

www.headtraumarehab.com



JournaL orF HEaD TRAUMA REHABILITATION/JANUARY-FEBRUARY 2023

94

(senunuoa)

paJepISuod
Buiaq

S 1BeWIO} SIY}
JI UOIUBAJBIUI

‘(9oUspIAe Y
[oA8] i7£E "d 'L AJOWBIN ¢, '710Z DOINI WOl paiepdn
'L# Alowaln) saibsiels Alojesuaduwiod Alowsw
[BUJBIXS UMM UOIIOUN[UOD Ul pasn o Aew SAI1081o
8Q 0} punoy ale ey} saibalelts Alojesuaduwlod
|eutalul Juswiiedw! Alowsud 819A8S YHAA "1euIo)
dnoib e ur 10 Ajlenpiaipul 1ybnel aq ueod seibslells
pue ‘welboid painioniis e Ul 10 Ajglesedss pa1os|es
"OAI108}8 palepIsuod sI salbalells ajdiynw buisn
"(H1er-yes

panlesaid dnoib Joy (|e1-4es pue ‘uoiielausb-}|as ‘Buiond-§|8s ‘ssauaieme-4as ‘B9)

aq Aew ssouslendoidde pue ‘uollelousb-yes salbalells aAlUBOORIBW PUB ([1SHDJ] 1S9l ‘o1e1S

1ey} Buluonouny SSOSSY e ‘Buieno-yjes ‘peayY ‘UoIISaND ‘MaIASI4 pue '8d11oeld |eAsliial

8AIlUBOD S¥se) |euoliouny ‘Sseusieme-j|es ‘aon0eid paleada. ‘Assbeull [ENSIA/UOIIEZIENSIA
BAIINDBXd 0} ABalens jo ‘Bo) salbalens ‘Bo) |eUOIIONIISUI BPN|OUl SaIfelells asay |

O s1oadse lajsuel] Ssassy e BAILUBOORIBIA e 'S||1%S SAIUB0D SAIINDSXS

aq10sa( e papinoid (1SHOJ) paAIesald awos Jo/pue siusuiedw! AJowsw

Juswissasse Buiules] e 158 ‘e1els ‘pesy abuel 81BISPOW-01-P|ILU SABY OUYM S|ENPIAIPUI YL

8Y10 e ouleWwoydAsd S|IIS 9AINUBOD ‘uoilseNy ‘Malnald e SAI108}}8 1SOW 8Q 0} Spudl 8sn Jivy | ‘suswliedu

10 e —lusuuiedw! BAIIN0BXd 90110e1d |BABLISY e Aloulawl 8ABY OYM |g] YU S[ENPIAIPUI O PasSn
YoAsd geyey e Alowsw pue AlJenss 90110e4d poleaday e 9q Aew saibe1elis Aloresuadwiod [eusslul Buiyoes|

dlS e alelspoul Alowawl Alebewll seibsjeils
yoAsdoinep e OLPIIA o JO JUBUUSSOSSY o |eNSIA/UOIRZIIENSIA Asowsw As0jesuedwoo jeussiul bunpuswe|duy
aundiosiq solsualaeIRYD SSOUAAIIOYD S|00} 10 ‘S9IIADP (uonepuawwiodsas auldpInb) uoruanialu|

juaned pue paau ‘salliAnoe oy1oadg

JO Judwssassy

JAdowd g suonppuawwora. A11101id 10f saujapins 1pny CERELAN




95

INCOG 2.0 Guidelines for Cognitive Rebabilitation Following TBI, Part V

Jusned

pue paau

JO JudwIssassy

‘sapiAnoe oyoedsg

(s8nunuoo)
JuswIssasse
Byl0 e |euonouny "(G# Alows|A|)
10 e 10 21118WoYdAsd uollusAlelUl |91 BuImO||04 SHD1L8Pp AlowaW 81elapouwl-01-p|iu
UYoAsd uonelljigeysy e —jusuweduw paseqg-dnoib s|eualew yum sjenpliaipul yum Auoeded Alowsw Buloueyus
yoAsdoinep e Alowew Jo} Ayjigeins pue Bumaes 10} PaJapISUOd 8q AeWw SUOIIUBAISIUI paseq-dnolo
dis e alelopoud 01 P|IA ,Siuailed ssassy dnoub e1endoiddy :SjeWIo) [eUOIIONIISUI PESeq-dnols)
"(9ouUepIne Y/ |oA8| '8/ ¢ "d ‘S pue
Z Mows|N ¢, '710Z DOONI Woly palepdn :z4 Alows|)
Ajgerjai pue ‘Avjigeniod ‘AljigepIoyy e
pue ‘SallpIqIOW 09 [BOISAUd e
‘(SIS eAubod
9AIINDOXd 'B8) sessauyeam pue sylbusils sAIIUBO) e
'seoInep
1usied Alowaw J8yl0 pue d1U0J109[ JO 8Sn pigiowald e
10} ABalens ‘Jusuieduwl JO AlJBASS e
oy} Jo oyeldn ‘oby e
|euonouny 1o 1510108}
JuswIssasse All|IgesSn SSoSSyY e BUIMO||0} BY3 JUNODIE 01Ul 83B1 PINOYS SISpululal
ouewoydAsd Heis spie pue spoddns |BIUSWIUOIIAUS JO UOIIDS|8S 8] 810N
—lusuwiiedwl poddns/sianib a|geoldde 18U1Q0 e ‘'spoddns |eulaixs
Alowsuw 8lonss -9.1e0 01 pepiroid SPJEOgOHUNN e 9S8y} 9SN 0} MOY Ul paulel] 8G 1SN S1oAIBaied Jiay
Jo/pue eissuwe Buiuies] e S300Q810N e pue |91 YUM S|enplAipu| ‘Jusudiiedw! AJowaul 81eAss
BYU10 e Buipnjoul 1usied 20IAep yum asouyl Joj Ajjeroadss ‘tusuuiiedwl Alowawl
10 e uswiliedw JO spsau pue Bunduwoidoloiw 8ABY OUM |G| YHM S|ENPIAIPUI JOJ PBpUBUILIODS) Ble
d1S e Alowsw SOlIS1Ie10RIEYD —vad e (SpJeogalyM puE ‘SY00geI0u ‘seuoyduews/s|igow
YoAsd uonelljiqeysy e JO S|eAg) [eNPIAIPUI ssuoyduews ‘B9) sispulwal pue suoddns |elUSWIUOIIAUT
yoAsdoinaN e AlIOASS || o SSOSSY e /8|IQOIN :seibojel}s Aiojesusduwiod Aiowsw jeuieixg
aundiosiq sonsualaeIRYD SSOUAAIIRYD S|00} 10 ‘S9IIADP (uonepuawwogal auljapinb) uonuanialu|

(penunuon)) ,Luowapy :suorppuawwoda. A11.101id 1of sourjopins npny EERELI]

www.headtraumarehab.com



JournaL orF HEaD TRAUMA REHABILITATION/JANUARY-FEBRUARY 2023

96

(senunuoo)

JETNlg)
10

d1S

UoAsd uone|igeyey
yoAsdolinap

Jay10
10

d1S

UoAsd uoneljigeyay
yoAsdoinap

JuswIssasse
|euornouny

10 ouewoydAsd
—Alliones
Alowew
alelopow

01 PIIIN

Juswissasse
oL18WoydAsd
—usueduw

Alowsw

910A8S 01 P|IN o

uolelbaiul
|euolzouny

O uonenieas
papiAaoid
Bulues|

S|Is

SAILUBOD J8Y10
pue Alowaw
JO JUBWISSaSSY

Jajsuesy
|euoouny

JO uonen|eAy
sysel
uolezijeleusb
pue

s|eob |euonouny
Aoy 1o} ssessy

SYSEel
pljeA Aj|ea160j029
10 [euondouny
10} S|ellalew/pue
1JUBWUOIIAUS
alendoiddy e
pasn Bulaqg
swelboid painioniis

Aue 10J S|eLgle|A e sjusijed pauledwi-Aiowsw o) s8oijoeid [euoionsu|

"BAI108Y8 SI Buole salIbslels buiuiel]
peseq-1e1ndwod se yons senbiuyos] oA11el01s8.
Bbuisn 1ey1 15866ns 0] 8ouUdPING pPBLIWI| SI 818y B10N
(eouspIne g |ane| ‘zge d
£ AOWBIN g, "¥10Z DOINI Woly psiepdn ‘c# AJOWSIN)
‘auole (1 D)) Buluiely sAiubod
pazieIndwod Se Yyons sanbiuyosl sAleIo1Sal
Buisn 10} 8o0uUspIAS ||| SI 818y ‘S sel [eonoeld
pue |njbuiuesw oiul paoioeld Buleq Abalelis
8y} JO uoleIBaIUI [RUOIIOUNY BYL 81BM|I0B) JBYLINS UBD
oym 1sidessyl paousiiadxs-|g | e Aq pe1onpuod pue
pasnoo}-Abalelis aq pjnoys ‘usuiiiedwi Ajowsw
JO S|eA8] ||e ssoUoe ‘|g]-SIA 104 Bululesl s||1s aAubo)

1sidesay] e Buiurel siys eniiubon

aundiosig

sasualoRIRYD
Jened

SS3UBAIIDYD
pue paau
JO JUBISSAsSY

$|001} 10 ‘S92Inap
‘sapiAnoe oyoedsg

(uonepuawiwiodas sulPPING) UOUAAIAIU|

(ponunuon)) ,Luowapy :suorppuswwoda. A11101id 1of sourjopins npny EERELI




97

INCOG 2.0 Guidelines for Cognitive Rebabilitation Following TBI, Part V

(senunuoa)

1By10

10

d1s

UoAsd uonel|iqeysy
yoAsdoinap

abuel Ajlenss

Ainfur ssoloe
pasn aq UE) e

Jejiuis

Ajoannejal sdnoub

ul siuaied

JO S|oAg|
Alllonas dody e

S|eob ssossy e
AjjealirswioyoAsd
Allenes
Alowsuwl
pue AllleAss

|9 SSessY e

S|elalew
palinbaJ Aue pue
1UsWUOIIAUS dNOID)

(82uspIne v [9A9) ‘18¢ d
‘G AJOWSIA ‘7102 DOIN| Wouy paiepdn ‘G# Alows|N)
S||IS paules| Jo uonezijeisush
4oeal pue ‘suoissas Jo Jequunu aienbspe
ue Joj uonedionnied sbeinoous ‘diysiequiswl
dnolb ul Allsusbolsisy Bulonpal 1apisuo)
"uoliell|igeyal palusLIo Aj|eNPIAIPUL UBY) BAI108HS
9I0W SI 3 1BY} 8OUSPIAS OU SI 818y} NG ‘|191-SIN
UM S|enplAipul yim saibalells Alowsw Buiyoesy
10} PaJBpISUOd 8q AeW SUOIIUBAISIUI paseq-dnolD
suoljusAI8lUl paseq-dno.o

(eouepIne v/ |oA9)] g€ *d
v AOWBIN ¢, "710Z DOINI Wolj paiepdn p# AlOWS|N)
‘Alobewl pue 1x81u0d U0 SNJ0} B YHM
salbalelis Alowsw [eiolAeYS(Q JO 8sSn 8y} BullepISUuo)) e
‘(lerel181 podeds ‘ssa|l01Ie
‘Bo) sioulo ulesIsuUoD eyl saibalells Bulyoesy JO 8sN e
‘(AJeBew [ensia
pue uoeloge|d [eglan ‘B9) [INWIIS/UOIIBULIOJUI JO
Buissao0ld |nj1iole a1owoid 01 salbalelis Bulyoes| e
‘(slejdwexe
a|diynwi ‘H8) parussald Buiag UOIIBULIOLUI/INWILS
3y} ul suoneleA Buisn saifelels Buiyoes| e
"oo110e1d POINQUISIP JO 89S e
"'sainpsadoud daisiynuw Bululesl usym SsisAjeue dsel se
4ons s1uauodulod J9||euUS 01Ul SHSE} UMOP Buiealqg e
"90110e.d 104 Aylunpioddo pue suwli} 1USIOIYNS BUIMO|Y e
‘(p1eA Ajjea1bojode ‘al) |91 yum uosiad syl
01 JueAs|al ale 1ey s|eob Jo Buiulel) pue JO UOI108|8S e
"s|eob uonuaAIalul Bululyep AlJes|) e
:apnjoul yoiym ‘siusudiieduw
Alowaw |g] Yyum sjenpiaipul Jo} Buluies| ayouwoud
ued 1ey] $82110e.d |BUOIIONIISUI ABY |BIBASS BIe 818y

auydiosiq

salsialoRIRYD
Jusned

SSaUAAIIOAYD
pue paau
JO JuBWISSAsSY

S|003} 10 ‘S32IAdp
‘ss1ARe aYyoadg

(uonepuawwogal auijdpinb) uonuanidlu|

(ponunuony) ,Liowapy :suorppuawuiodal Ajuiond 10f sourjopins npny FERELA

www.headtraumarehab.com



JournaL orF HEaD TRAUMA REHABILITATION/JANUARY-FEBRUARY 2023

98

‘uolieluswa|dwi Joj Juenodwil 1SOW 8yl Se paloA [aued 8yl 1eyl SWall 8y} 818 8Sayl—AIOWSW IO} SWS} |00} HPNe ay] ,
AJnful urelq onewnedy ‘|g1 ‘Ainful uielq d1leWINEL} 8189A8S-0}-81eJ8pOoW ‘|g1-SIN SUOIIBINIqAY

paisisiuiwpe

(9ouspIne v/ |9ns| 118¢ d

‘9 AIoWBsIA '¥10Z DOIN| Woiy parepdn ‘g# Alows|A)
‘eosneu
pue ‘19sdn yoewWOolS ‘eayllelp Se Yons S10948 apIs 104

sainsesw paJO}UOW 8Q PINOYS SIUSIIRd "S8INSBaW [BUOIIOUNY
JBYI0 e S8u021N0 pue aA108lqo Buisn pesseasse ag p|Noys uoledipawl
sejou |euorloun e :(Ay10ads a1 40 s10818 ay| ‘A1anodal Jo abels d1uoIyd
diN e Alowsw ases|d) Joy1Q e 8yl Ul 8Je pue AJowaw Ul S1O118p 9ABY OYM |g] YLIM
sueyo JO suolep Juswiliedwl S1jnpe 10} palepIsuod aq Aew (Aep/Buu Q|-G) [1zedauo(
BnIq e JO 90UBPIAT AIOWB|IN e ON SoA (17Y40Y) si01qiyul seielseuljoyojf1edy
ul puno4 soljsualoeIRYD uoljesipuj pasn Bniqg

Janed

Alowa)| :suonuanialul [eaNadeWIRY

(ponunuony) ,Liowapy :suorppuawuiodal A11iond 10f sourjopins npny EERELA



INCOG 2.0 Guidelines for Cognitive Rebabilitation Following TBI, Part V 99

To optimize learning in individuals with TBI, specific
instructional principles should be followed including
clearly defining intervention goals, breaking down tasks
into manageable multistep procedures, integrating prac-
tical and contextual exemplars, promoting effortful pro-
cessing of information, focusing on ecologically valid
goals, and constraining errors. Rehabilitation strategies
can be taught in a mixed format including group and
individual instruction. Delivery of structured mem-
ory rehabilitation as solely a group-based intervention
should address factors maximizing cohesion including
acuity and impairment level as well as ensuring that the
practical components of training are applied directly to
functional goals and participation.
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