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Traumatic injury to the brain can affect the core of what makes us human—our cognition and emotion. Although
the injuries are acute, functional deficits that result from TBI may produce tremendous chronic burden on
individuals, families, and health care systems. Long-term consequences of TBI frequently include impaired
cognitive functions involving attention, executive abilities, and learning and memory as well as emotional volatility
and increased incidences of psychiatric comorbidities. Effective approaches to improving functioning are needed,
and the benefits may be far-reaching. We discuss some basic principles to guide current practice, and provide
some pearls for application. Interventions are more likely to be effective when we take into account multiple levels
of brain functioning, from neurons to pharmacological systems to social networks. The potential to improve
cognitive functioning via training is of special importance, and benefits may synergize with pharmacologic and
other approaches. Significant benefits can be gained by addressing important modulators of functioning such as
sleep and fatigue.
Patients with so-called ‘mild-moderate’ TBI may have symptoms that are not readily recognized by health care
providers, but which are personally significant. With the increase in military injuries and the combination of
physical and experiential trauma (TBI and PTSD), cognitive-emotional targets of therapy deserve special
consideration. Ironically, cognitive problems that have become chronic tend to receive less medical attention. The
far-reaching impact of these seemingly “invisible” deficits is often not recognized. A long-term view is needed and
major long-term issues need to be taken into account in clinical care (Chen and D’Esposito 2010). For example,
individuals who cannot pay attention, hold information in mind, and actively participate in learning activities will
have reduced benefit from rehabilitation, school or other treatments requiring active participation. Furthermore,
individuals who have suffered a TBI may also be at increased risk for developing cognitive changes later in life.
This syllabus provides a preview of the AAN course. Key References are suggested for more detailed review.
Injuries and Cognitive Symptoms: The most common difficulties after TBI involve complex attention, learning,
memory, organization, behavioral and emotional self-regulation and other processes important for goal-directed
behavior. Among cortical regions, prefrontal and mesial temporal structures are vulnerable to contusions and
hemorrhages. Deficits in goal-directed or executive control functions are generally attributable to damage to
prefrontal systems, which include not only PFC per se but also extensive interconnections with subcortical and
posterior cortical structures (D’Esposito and Chen 2006). The importance of axonal injuries in TBI highlights the
need to understand brain functioning in terms of distributed but coordinated network processes (Chen et al.
2006). Diffuse or multifocal axonal injury may affect commissural, callosal, association as well as particularly
vulnerable long fibers, including those carrying neuromodulators in projections from the brainstem to cerebral end
targets and those that connect the prefrontal cortex (PFC) with other brain regions. Some of the most common
deficits with distributed axonal injury, even in the absence of cortical lesions, are in speed of processing, frontal
executive functions, and memory (Scheid et al. 2006; Levine et al. 2008). Thus, understanding the importance of
network interactions is an important foundation for understanding the functional consequences of TBI, which
might otherwise be labeled “non-focal.”
Education regarding typical aspects of recovery can be reassuring, and, fortunately, the recovery trajectory for
most individuals who survive TBI is positive over time. However, there is significant variability in the rate and end
point of recovery. Multiple factors may contribute to or ‘modulate’ symptoms. These factors may be important in
formulating interventions to improve functioning.

© 2017 The American Academy of Neurology Institute.

Numerous individuals returning from combat activities suffer from both TBI and varying degrees of post-traumatic
stress symptoms or PTSD – a Combined Combat Neurotrauma Syndrome (Chen et al. 2012). Experience
suggests that the combination of TBI with PTSD may result in more prolonged or more complicated courses of
recovery. Both physical and experiential trauma may have immediate as well as long-term effects on brain
functioning. This combination further challenges us to consider multi-faceted approaches for optimizing
functioning.
Approaches to Intervention: The following are key points to consider in determining interventions for improving
cognitive functioning after brain injury. Sources of dysfunction may be multifactorial, and each factor or interaction
of factors represents a potential target for intervention. Core targets of intervention include specific neuralcognitive processes important for healthy, goal-directed functioning after brain injuries. However, these processes
may also be affected by factors that modulate physiologic brain states and cognitive performance (e.g., sleep,
fatigue), pharmacologic influences (e.g., medications, other drugs), emotional functioning (e.g., irritability, anger,
depression), and other comorbidities (e.g., chronic pain). The interactive nature of these factors is illustrated in the
overlapping layers in the Figure. Any or all of the above may have to be taken into account for a therapeutic
intervention to be effective. Often, it is ideal to take an integrated approach that addresses multiple targets based
on a particular therapeutic goal.
Figure. Multiple sources of dysfunction lead
to multiple tiers of intervention.
Core ‘gateway’ processes: Some processes
may be worth targeting even if “deficits” are
not detectable. This especially includes
domain-general
processes
that
are
“gateways” to learning and change. These
include “meta-cognitive” processes such as
self-awareness (awareness of one’s abilities,
strengths, weaknesses, and goals, with the
ability to monitor and review one’s actions in
these contexts), and functions for regulating
attention, learning, and memory in an
organized, goal-directed manner. These
processes will also be crucial for continued
learning, adaption and problem-solving
outside of clinician-guided settings.
Approaches for modifying behavior include training, i.e., the guidance of learning through activities with specific
learning goals. Training forms the most fundamental core of post-injury rehabilitation, but may be combined with
approaches that optimize biology and other modulators to maximize benefit. Addressing the fundamental ability to
regulate one’s cognitive-emotional (brain) state may have a far-reaching impact on goal-directed functioning.
Engagement of active participation for each individual in treatment is a major factor in treatment outcome.
Elements of enhancing engagement include raising awareness of one’s abilities and difficulties, opportunities for
self-direction during treatment, and active attempts at applying and transferring learned skills to personally
relevant situations and goals. These considerations become all the more important when deficits affect
awareness, motivation, attention, and other aspects of self-regulation. Issues of active avoidance or negative
reactions to intervention may be further heightened when TBI is combined with PTSD or other psychological
health conditions. Transfer of gains to new contexts, and generalization to each individual’s personal life must be
taken into account when considering intervention approaches as well as measurement of outcomes.
Training to Improve Cognitive Functioning: Training forms the most fundamental core of post-injury
rehabilitation. Training involves specific activities that guide changes in brain functioning based on specific
learning goals. Within the training approaches, different learning goals may be defined.
Training may emphasize the learning and application of cognitive skills and/or strategies. Strategies help to
organize behavior and may be helpful in improving the efficiency or effectiveness of accomplishing particular
tasks. Strategies, once internalized, may be thought of as providing intrinsic “tools” available to an individual to
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help accomplish particular tasks. Factors to consider include to what extent the strategies are context-specific or
transferable to other contexts, to what extent the individual can learn and remember the strategy, and to what
extent the individual will be able to prospectively initiate use of the strategy in the appropriate situations. For
example, it is not uncommon for an individual to be able to learn a strategy during therapy (e.g., a method for
breaking problems into manageable steps), but then fail to apply this strategy when faced with a real-world
problem. Such failures of transfer may be directly related to an individual’s cognitive deficits. Useful strategies
have included day planner usage, time management, goal setting, self-monitoring, as well as using external cues
for reminders (e.g. Manley, Huckans et al. 2010; Storzbach 2016).
A skills-based approach is emphasized here. Skills may generally be considered as the integrated use of
particular neurologic functions or processes for the accomplishment of functional tasks. Skill training may
emphasize either practice on specific functional tasks (e.g. making a sandwich) or specific processes (e.g.
working memory, across specific tasks). The choice of approach may depend on the nature and severity of
cognitive deficits. It has been argued that functional approaches (training on specific tasks) may be more effective
for patients with severe deficits (Giles 2010). Approaches for process-targeted skill training are elaborated on in
this paper.
It is conceptually simple to understand how one might train motor strength by training particular muscles, but how
would one prescribe training for “executive control” functions? Control over neurologic functions to accomplish
goals may involve control over perception and information processing, motor actions, emotional functioning, as
well as other aspects of behavior. At the simplest level, neural aspects of control involve modulation of neural
activity from the “top-down” based on goals, as well as coordination and monitoring of distributed neural networks
in the brain. Without such control, activity would be either driven by low-level processes, such as by “stimulusresponse” principles, or generally disorganized, with poorly coordinated activity that lacks guidance by a higher
level goal structure.
Functions of learning and memory are integrally intertwined with all of the above process of goal-direction.
Indeed, one of the most common subjective complaints after TBI is of problems with “memory.” Problems with
memory encoding and retrieval may also be related to attention and “frontal executive” functions that influence the
selectivity and depth of information processing, as well as the ability to organize information to be encoded and
strategically retrieve information to be recalled.
Principles for Improving Functions of Goal-Directed Control (aka Frontal Lobe Functions)
Given the difficulty in understanding and designing interventions to improve goal-directed cognitive functioning,
we share some basic principles of training that could be incorporated into interventions to target and maximize
improvements in these functions (see Key References for more details). These principles may not only bolster
therapies where goal-directed cognition is the primary target of therapy but may also be incorporated into
cognitive, motor, speech, or other therapies in order to maximize the targeting of frontal systems functions in any
of these contexts. Strategic synergies with pharmacotherapy can be valuable, and principles to guide
pharmacotherapy are discussed in a later section.
1. Goal-based training of process, not content: Cognitive training tasks should challenge patients to engage “topdown” control processes mediated by PFC networks (D’Esposito and Chen 2006). Cognitive training should
explicitly include a goal-based approach. The role of goal-based executive processes may be to functionally
organize the multiple neural processes necessary for accomplishing the goal, including selecting the relevant
pathways or processes (while excluding others), coordinating them at any given moment in time, and dynamically
adjusting this coordination while maintaining the central goal across time to eventually accomplish the goal.
The regulation of information processing in the brain deserves special emphasis. Selective processing of goalrelevant information, a central component of executive control, is a crucial gateway that filters what information
gains access to more in-depth processing. The integrity of information processing, whether from perception or
through other steps to action, requires mechanisms of selection, maintenance, and protection from disruption
during working memory, learning, decision-making, and/or problem-solving. The protection of information
processing from distractions anywhere along this pathway is crucial to efficient and effective goal attainment,
especially when extended time or multiple steps are required. Increasing evidence supports the proposition that
training-based therapies have utility for rehabilitation in the chronic phase of TBI, including training for attention
and working memory (Cicerone et al. 2000, 2005; Kennedy et al. 2008; Levine et al. 2008; Rohling et al. 2009;
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Klingberg 2010; Westerberg et al. 2007; Chen et al. 2011). To what extent process-targeted, computer-based
approaches may be helpful for individuals with brain injury, with improvements that generalize to real-world
functioning will be worth further investigation. Supportive pharmacotherapy may be considered.
2. Cognitive training tasks should progressively challenge the patient. The importance of progressive increases in
challenge is underscored by the ability of the brain to adapt to tasks – thus, tasks become less effective at
encouraging learning in the targeted domain unless challenges are increased.
3. Training should explicitly address pathways for the transfer and generalization of training effects to new and
real-world contexts. Training across multiple modalities may maximize engagement of core networks leading to
improved functioning across contexts. Linking skill use to a goal-based framework – with clear delineation of
goals, increased awareness of goal-relevance and derailments, and the use of implementation intentions (e.g.
if…then…I will apply the skill) - can maximize the likelihood of beneficial skill use.
4. Meta-cognitive strategy training, such as those targeting problem-solving, may improve functioning in
individuals with brain injury and have been recommended in practice guidelines (Cicerone et al. 2005; Kennedy et
al. 2008)(D’Zurilla and Goldfried 1971; Kabat-Zinn 1990; VonCramon et al. 1991; Cicerone 2002; Rath et al.
2003; Robertson et al. 2005; Nezu et al. 2007; Vas et al. 2011). For example, in goal management training
(Levine et al. 2000), patients are trained to clearly define a goal, learn the steps required to achieve it, and then
regularly check their progress.
5. Training goal-directed control of brain states. Perhaps one of the most fundamental targets of training is the
regulation of one’s brain state. All cognition and behavior occurs from the foundation of an underlying brain state.
The effectiveness and efficiency of functioning depends on the regulation of these states as appropriate to a
current goal. At a neural level, modulation of brain states alters signal and noise properties of information
processing systems in the brain that support abilities such as goal-directed control functions (Arnsten and
Goldman-Rakic 1998; Gold and Shadlen 2001; Jazayeri 2008). At a behavioral level, axes of cognition, emotion,
and alertness/arousal state translate from brain network states, and these axes must be regulated in an
integrated manner to achieve an optimal state for any current situation or goal.
One behavioral axis of brain state is alertness/arousal regulation. Optimal arousal state may be considered a prerequisite for effectively activating and engaging other cognitive functions such as selective attention, working
memory, and executive control (Sturm et al. 1999; Posner 2008). Regulation of arousal state needs to be
considered in terms of optimizing balance for any given current goal and context. A state of hyper-arousal may
lead to rapid shifts of attention (distractibility) while low arousal may lead to poor activation and maintenance of
attention. Patients with TBI–PTSD may show severe hyper-arousal, while patients with more severe TBI may
exhibit marked deficits in alertness (Manly et al. 1999; Sturm et al. 1999; Posner 2008). Noradrenergic systems
involving inter-connected regions of brainstem and frontal cortex, in particular, have been proposed to be
particularly important mediators of alertness state (Aston-Jones and Cohen 2005). Approaches to regulating
arousal state may involve behavioral regulation training, and pharmacotherapy can be particularly helpful in this
area.
Interactions of emotion and cognition are particularly important to address after TBI and especially with the
combination of TBI and PTSD, perhaps the “hallmark” syndrome of recent combat activities. The issues from TBI–
PTSD include disruption of core cognitive and emotional regulation mechanisms that are essential for goaldirected functioning in life. Emotional and cognitive control are directly tied together in that the underlying neural
systems interact significantly in achieving self-regulatory control necessary for goal-directed behavior.
Dorsolateral PFC and ventromedical PFC interact in the regulation of emotions, with modulation of amygdala
(Phelps et al. 2004). The addition of PTSD to TBI may contribute to not only emotional but also cognitive
difficulties. The most common cognitive deficits associated with PTSD involve sustained and selective attention,
executive functions, and memory (Vasterling and Brewin 2005; Brandes et al. 2002; Gilbertson et al. 2001), e.g.
impaired ability to gate, monitor, and regulate the flow of incoming information and environmental stimuli
(Vasterling et al. 1998). Also, given the known limitations of neural processing resources, it seems logical that an
increase in “load,” whether from cognitive or emotional sources, would lead to less efficient overall functioning.
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Current experience suggests that PTSD in individuals who also sustain a TBI may be a more complicated, and
the chronicity of symptoms may be extended. Patients with TBI–PTSD may respond differently to standard
treatments compared to those with only TBI or PTSD. Cognitive limitations may make it necessary to modify
cognitive-behavioral psychotherapies. Conversely, the emotional dysregulation, avoidance, and potential for
triggering may impede engagement in cognitive rehabilitation therapies. Interventions that improve attentional
self-regulation may also improve emotional self-regulation, and vice versa. Thus, in order to improve an
individual’s ability to learn, change, and adapt in the process of goal attainment, it will often be necessary to
address both cognitive and emotional self-regulation.
Training may help to improve state regulation. For example, self-regulation and mindfulness-based training
approaches may reduce the load of non-relevant cognitive or emotional processing on limited neuro-cognitive
resources, and improve attention, working memory and goal-directed functioning for individuals with brain injury
(Posner et al. 2006; Jha et al. 2007; Slagter et al. 2007; Novakovic-Agopian et al. 2011; Jha et al 2010;
Novakovic-Agopian et al. 2011; Cole et al., 2015; Janak et al., 2015).
6. Integrated training. Given the inter-related nature of core processes of cognitive functioning, emotional
functioning and other modulators, it is rational to systematically integrate therapies targeting these overlapping
processes. Indeed, these processes evolved to function in an integrated, not isolated manner. In particular,
certain gateway functions (e.g. brain state regulation and selective information processing) are necessary
foundations for higher level functioning. Furthermore, the engagement of these foundational processes is
increased and motivated by the higher level complex goals and challenging situations.
In one example approach, training in brain state regulation can be strengthened and applied to the pursuit of
higher level goals. Improving the goal-directed regulation of brain states is hypothesized to help individuals better
achieve their goals by strengthening their abilities to direct and sustain attention toward goal-relevant information,
selectively maintain this information over time, manage non-relevant distractions, and re-direct attention. We
argue that for state regulation skills (SRS) to be effectively learned, training should include at least four key
elements (Chen, Loya, & Binder, in press). First, training should facilitate each trainee’s conceptual understanding
of trained skills, including the underlying rationale and intended benefits of skill use. Second, training should
include opportunities where skill use can be extensively practiced across a wide range of goal contexts and
challenges. This may help with skill development and promote automaticity in skill use, increasing the likelihood
that a state regulation response will be triggered in-the-moment during any challenge context. Third, training
should increase trainees’ awareness of situations where their goal-direction is vulnerable to disruption, and foster
their intentions to apply skills in instances when they are most likely to be derailed. Finally, these elements need
to be tied together in a goal framework, explicitly supporting the strategic application of SRS to bolster goal
attainment efforts. Together, these elements may maximize application of SRS in situations when and where they
are needed most.
These principals of been incorporated into a series of training interventions that support guided learning of SRS
via stepwise experiences that integrate skill instruction, interactive coaching, and intensive skill practice across
multiple contexts and settings, bridging from digital game-based scenarios to personal life. This contrasts with
training then relies on practice on isolated tests or training in abstraction, such as in a quiet room. Neural and
behavioral changes have been found with SRS training (e.g. Novakovic-Agopian et al. 2011; Novakovic-Agopian
et al 2014; Loya et al. 2014; Chen, Loya et al. in press). Another intervention that combines attention and
problem-solving as targets of therapy in a group-based training protocol has also been described and tested
(Evans et al. 2001, 2005; Miotto et al. 2009). Cooper et al (2017) found that cognitive rehabilitation combined with
cognitive-behavioral psychotherapy reduced functional cognitive symptoms in military service members with mTBI
compared with psychoeducation or medication management alone.
Pharmacotherapy: Principles of integrated pharmacotherapy and rehabilitation
Careful application of pharmacotherapy can play an important role in improving cognitive functioning after brain
injury. Tailored pharmachotherapy should take into account factors for synergistically optimizing functioning (Chen
et al. 2012; Chen and Loya 2014). Clinical evidence to support particular medications post-TBI is sparse but
slowly accumulating (reviewed in Warden et al. 2006; Jorge and Arciniegas 2014; Bhatnagar et al. 2016). A
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clinician’s prescription for any given individual still relies on theory and/or empiric practice, informed by limited
direct evidence or extrapolation from other populations. It is valuable to consider not only the immediate effects of
pharmacologic agents but also the potential influences on processes of learning. Different drugs, as well as
different doses of the same drug, may have differential effects for specific neural subsystems and the behaviors
they subserve. Systematic individual trials involving step-wise dose adjustments of medications may be helpful.
There are a number of reasons to consider neuromodulator systems of the brain as therapeutic targets. These
include findings that TBI tends to affect cognitive functions dependent on these neuromodulators, such as
dopamine, norepinephrine, acetylcholine, and serotonin, and the predilection for TBI to affect the cortical
termination zones as well as the long projection fibers that carry these neuromodulators.
Helpful and hurtful effects of drugs must be considered, and these may occur simultaneously. For example, more
detailed examination may reveal domain-specific effects (as described in McDowell et al. 1998) or simultaneous
helpful vs. detrimental effects on separable brain systems (i.e., “double-edged sword” effects) (Cools et al. 2001).
It is also valuable to consider immediate vs. longer-term effects of pharmacologic modulation. Drug effects may
be supportive for current issues, but may also be detrimental for longer-term goals. For example, antidopaminergic medications have long been used to address problematic behavior post-injury. The immediate
effects may seem helpful (e.g., reducing behavioral instability), but the same medication may adversely affect
functioning in a cumulative manner (e.g., by altering attention and learning during training). It is important to
manage the goals, timing and duration of therapy.
Polypharmacy is a common problem, likely due to factors such as multiple comorbidities with TBI (e.g., anxiety,
PTSD, insomnia, pain) and attempts to treat some post-TBI sequelae (e.g., behavioral dysregulation, seizures,
headaches). A valuable first-step in clinical decision-making is a review of medications that may contribute to poor
cognitive functioning. Unfortunately, numerous medications commonly used for patients with TBI have adverse
effects on cognition or learning/plasticity.
Post-traumatic epilepsy, especially with complex partial seizures, is a treatable potential contributor to cognitive
dysfunction. However, medications may need to be managed with attention to cognitive side effects. Phenytoin
has been shown to impair cognitive function in patients with severe TBI (Dikmen et al. 1991, 2000).
Carbemazepine may also have cognitive side effects (Smith et al. 1994). Among older anti-epileptic agents,
valproate may be preferable. Among newer agents, topiramate may be particularly concerning for cognitive side
effects. Levetiracetam has fewer drug interactions, though may contribute to mood/though disturbances.
Benzodiazepines and baclofen are GABA agonists, and these may reduce the rate of recovery from TBI (Zafonte
et al. 2004). The use of these medications should be minimized in the context of cognitive dysfunction after TBI.
In certain circumstances, spasticity may be treated by more localized means (e.g., intrathecal baclofen or targeted
botulinum toxin). On the other hand, strategic and judicious use of beta blockers or benzodiazepines may improve
cognitive functioning clouded by severe anger or anxiety.
Dopamine antagonists, such as haloperidol, have been shown to impede learning and recovery (Stanislav 1997;
Wilson et al. 2003; Meintzschel and Ziemann 2006; Hoffman et al. 2008; Kline et al. 2008). These agents are
commonly used for managing behavioral dysregulation, but should be used sparingly, and continual use should
be avoided as much as possible. On the other hand, limited strategic use at night may improve sleep and daytime
functioning, especially for some individuals with nightmares and anxiety related to PTSD.
Selective serotonin and/or norepinephrine reuptake inhibitors (SSRIs) may help reduce emotional lability and
improve functioning, and although evidence is limited for TBI, this may be especially useful in the contexts of
depressive or anxious symptoms. There are also theoretical reasons to consider SNRIs for improving attention
and related adrenergic functions.
In sum, it is important to repeatedly review the rationale, necessity, and dosage of each medication at each
clinical juncture, with a concern for potential adverse effects on cognition and recovery. It is best to initiate
pharmacotherapy in the context of a plan for non-pharmacologic treatment, and to have clear rationale for how
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the pharmacotherapy will support the long-term goals of treatment along with plans to eventually taper or more
selectively use pharmacotherapy. Discontinuing certain medications can be as valuable as starting any
medications in the rehabilitation course.
Pharmacotherapy and goal-directed control (attention, memory and executive functioning):
A number of options for pharmacotherapy currently exist; however, there is relatively little data to guide the
optimal choice of agent for any given individual. Pharmacotherapy is primarily empiric, but some guidance might
come from some definition of the treatment target (e.g. speed of processing vs. memory), theoretical
considerations (e.g. likelihood of cholinergic vs. dopaminergic vs. noradrenergic dysfunction), as well as
management of other co-morbidities (e.g. depression, fatigue, insomnia, anxiety, headaches). One of the
important general principles, or aspirations, is that the use of these agents may increase the rate of learning and
recovery.
Commonly used pharmacologic agents to increase alertness/arousal affect neuromodulator function and include
methylphenidate and amphetamines as well as newer stimulants. Modafinil and related drugs may promote
alertness. “Antidepressants” with noradrenergic targets and possible “activating” effects, such as venlafaxine or
duloxetine, may be helpful for some individuals. These agents could be considered for use as agents satisfying
multiple therapeutic goals. As always, the effects of medications prescribed for other reasons must be evaluated.
Dopaminergic and mixed catecholamine agents may be useful for improving aspects of cognitive functioning in
patients with TBI. Methylphenidate probably has the greatest amount of supportive evidence for use after TBI
(Warden, 2006;Writer, 2009). Trials have documented improvements in aspects of attention and speed of
information processing following TBI (J. Whyte et al., 2004) Methylphenidate may also improve learning and
memory functioning after TBI by improving attention to information. Dextroamphetamine may also help to
improve aspects of attention and speed of processing, but there is little data fully testing its effects in chronic TBI
(Hornstein, 1996). Bromocriptine may enhance aspects of executive functioning in patients with severe TBI
(McDowell, Whyte, & D'Esposito, 1998) but again data are mixed (E. M. Whyte et al., 2008). Amantadine may
improve executive function, in addition to alertness (Sawyer, 2008). Atomoxetine has shown promise in other
settings, but when tested in a relatively large randomized, controlled trial for TBI, no effects on testing and
subjective measures of attention could be detected relative to a control group (Ripley, 2014). As a general
guideline, dosing of agents that modulate catecholaminergic function should be based on individual response,
noting that neuromodulatory effects tend to follow a U-shaped curve that may vary in dose-relationship for each
individual.
Acetylcholine systems may be particularly important to address given the predilection for TBI to damage medial
temporal structures, the basal forebrain and long tracts that connect structures important for memory processing.
The cholinesterase inhibitor donepezil has been recommended to enhance aspects of memory function for
patients with moderate to severe TBI in subacute and chronic periods of recovery based on trial data (Warden,
2006;Whelan, 2000;Wortzel, 2012; Zhang, 2004). Some data supports the use of rivastigmine for improving
memory deficits as well in patients with moderate to severe memory impairment at baseline (Silver et al., 2006;
Tenovuo, 2005). In general, these cholinesterase inhibitors appear to be safe and well-tolerated in patients with
TBI. Problems with memory encoding and retrieval may also be related to frontally mediated functions such as
selectivity and depth of information processing, ability to organize information to be encoded and ability to
strategically retrieve information to be recalled. Methylphenidate, amphetamines, and other agents that enhance
attention or executive control may also improve learning and memory functioning after TBI. To what extent these
medications are indicated for mild TBI, such as from blasts, needs to be further tested, and additional
considerations of the interaction with anxiety and PTSD need to be considered.
Maximizing synergies between pharmacotherapy and training therapies is an important frontier where strategic
transitional use of medications could enhance response to behavioral therapies. This approach could contribute to
a long-term goal of improving an individual’s intrinsic functioning and allowing pharmacotherapy to be reduced
over time.
Domain-general symptoms as targets of therapy: fatigue and sleep.
Energy and Central Fatigue: Adequate energy is required to drive cognition and behavior, particularly for the
effortful pursuit of higher order goals, learning, adapting and problem-solving in the context of challenges after
brain injury. However, fatigue is reported to be one of the most common and debilitating symptoms after TBI

© 2017 The American Academy of Neurology Institute.

(Hillier, Sharpe, & Metzer, 1997; Olver, Ponsford, & Curran, 1996). There is no standard definition of fatigue, but
key elements include a requirement for increased effort to maintain mental activities and difficulty sustaining goaldirected efforts (Fellus & Elovic, 2007). Central fatigue, related to disturbance in the CNS, is itself a major cause
of poor functioning (Bushnik, Englander, & Wright, 2008). Helping an injured individual to manage available
energy, including increasing available energy for key goals, would be of great benefit for optimizing current
functioning and encouraging learning for longer-term improvements.
When assessing fatigue, a key goal is determining potential contributing factors that may serve as direct targets
for clinical management, including through assessing associated factors, such as sleep, depression and
pain.(Englander, Bushnik, Oggins, & Katznelson, 2010; Ponsford et al., 2012) From a clinical best practice
perspective, regular physical exercise, which has shown to reduce fatigue in other clinical populations(Fulcher &
White, 1997)(Mock et al., 2005), is a front-line treatment option.
Compensatory strategies to manage energy use, such as setting restrictions on the length of time to engage in
certain activities, may also be helpful. This behavioral approach involves identifying personal and/or situational
factors associated with fatigue, and then developing strategies for managing or modifying these factors in order to
minimize energy loss.
Reducing distractions and thereby minimizing the amount of cognitive effort required to accomplish tasks may
also be beneficial. Improved self-regulation of attention and other aspects of cognitive processing may help
improve cognitive efficiency. Similarly, improving regulation of emotions, such as anger, may also be helpful.
Understanding the neural bases of fatigue may help inform treatments, and one theory relates to increased
recruitment of neural resources not required for uninjured persons (DeLuca, Genova, Hillary, & Wylie, 2008;
McAllister et al., 1999)(Van Zomeren, 1984).
A review of medications is important, as beta-blockers, anti-dopaminergics and anti-epileptics may all contribute
to feelings of tiredness. Pharmacotherapy with agents that improve alertness, attention and concentration, such
as methylphenidate, amantadine, dextroamphetamine, atomoxetine or modafinil, as well as activating
antidepressants may also be helpful, though evidence mostly comes from other disease conditions (Krupp et al.,
1995; Mendonca, Menezes, & Jog, 2007; Minton, Richardson, Sharpe, Hotopf, & Stone, 2008; Rammohan et al.,
19,20,
2002). Preliminary findings of medication trials to treat fatigue within the context of TBI have been mixed
(Johansson et al., 2014) and more research is clearly needed to ascertain specific medication effects. Timing
pharmacotherapy to augment participation in non-pharmacologic therapies can be valuable.
Sleep: Sleep disturbance is one of the most common yet least studied sequelae of TBI (R. J. Castriotta et al.,
2007; Mahmood, Rapport, Hanks, & Fichtenberg, 2004; Watson, Dikmen, Machamer, Doherty, & Temkin, 2007;
Zeitzer, Friedman, & O'Hara, 2009). Up to 84% of persons with a TBI experience some form of sleep disturbance
4
(Lew et al., 2007), with symptoms of insomnia being the most frequent complaint (Richard J. Castriotta & Murthy,
2011). The neurocognitive, behavioral, and physiological effects of poor sleep within the general population have
been well documented (Durmer & Dinges, 2005; Walker & van der Helm, 2009). Importantly, several studies
(Fichtenberg, Millis, Mann, Zafonte, & Millard, 2000; Kempf, Werth, Kaiser, Bassetti, & Baumann, 2010; Orff,
Ayalon, & Drummond, 2009; Ponsford et al., 2013) have documented that sleep disturbance persists for many
persons with mild to moderate TBI several years post-injury, underscoring the importance of addressing this
potential chronic sequel of brain injury.
More broadly, sleep regulation and adequate sleep may be of fundamental importance for learning and recovery
after brain injury. Sleep deprivation may adversely affect functions crucial for learning, such as alertness,
sustained attention,(I. L. Bloomfield, Espie, & Evans, 2009) and other forms of attention and memory, with
particular adverse effects on frontal systems functions.(Mahmood et al., 2004; Muzur, Pace-Schott, & Hobson,
2002; Yoo, Hu, Gujar, Jolesz, & Walker, 2007) Chronic lack of sleep may also be associated with anxiety and
depression. (Neckelmann, Mykletun, & Dahl, 2007). From another perspective, sleep, including in the form of brief
naps, has been shown to benefit learning of information or skills learned prior to sleeping (Mednick, Nakayama, &
Stickgold, 2003; Walker, Brakefield, Morgan, Hobson, & Stickgold, 2002), even in the absence of REM-sleep
(Tucker et al., 2006). Thus, promoting sleep as a prospective intervention (i.e., encouraging sleep after learning)
may be a valuable component of rehabilitation.
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Despite the importance of sleep for optimizing functioning and enhancing learning after TBI, no strong evidence
base exists to guide clinical best practice (Orff et al., 2009; Weber, Webb, & Killgore, 2013). However, there are a
number of clinically useful options available. For many individuals, there may be opportunities for improving
functioning in just addressing basic aspects of sleep hygiene. Identifying and treating sleep apnea is another
major priority for persons with TBI. Caution should be exercised regarding prescription of sleep-inducing
medications such as benzodiazepines within this context, as they may actually exacerbate apnea. Treatment via
a CPAP machine has been shown to be helpful for obstructive sleep apnea following TBI (R. J. Castriotta et al.,
2009).
Pharmacologic agents for inducing or prolonging sleep all have potential side effects, and balancing effects
become more complex when cognitive dysfunction and other medications, amongst other factors, inter-mix.
Benzodiazepines and atypical GABA-agonists, some of the most commonly used sleep agents, may have
adverse effects on cognition as well as neuroplasticity following injury (Larson & Zollman, 2010) as well as
rebound effects. Judicious short-term use can be beneficial in limited situations (e.g. when overwhelming anxiety
contributes to insomnia), but rapid tolerance and dependence can make management difficult. Other agents, such
as trazodone, or newer anti-depressants such as mirtazapine, may have clinical utility, though there is little data to
guide their use after TBI. Assistance with impediments to sleep, such as nightmares, can have a significant
positive impact, and thus agents such as prazosin can be helpful. Individuals with TBI may have increased
sensitivity to adverse effects, such as prolonged cognitive effects the next day, so, in general, low doses or slow
titrations may be particularly important. Sleep-supportive agents may play an important short-term role during
rehabilitation. Use of such drugs would ideally be limited in time, matched with non-pharmacologic therapies with
the goal of eventually improving sleep management and tapering off medications.
Non-pharmacological therapies aimed at addressing psychological factors thought to perpetuate sleep
disturbance have shown great potential. One particularly promising treatment, Cognitive Behavioral Therapy for
Insomnia (CBT-I), incorporates both cognitive (e.g., addressing maladaptive sleep-related beliefs) and behavioral
(e.g., stimulus control) approaches to combat insomnia (Morin et al., 2006; Murtagh & Greenwood, 1995)(Ouellet
& Morin, 2004)(Ouellet & Morin, 2007).
There is also some suggestive evidence that treatments targeting the regulation of the circadian rhythm and
sleep-wake cycle are effective in the context of TBI-related sleep disturbance – this may include using exogenous
melatonin therapies (Kemp, Biswas, Neumann, & Coughlan, 2004), light therapy (Ponsford et al., 2012). Intensive
schedule regularization in combination with efforts to augment sleep or wake signaling (e.g. melatonin
supplementation at night; sunlight, exercise, possibly stimulants in the morning) may be valuable.
Management of sleep as a direct, explicit target of therapy is an important frontier for further development.
Conclusions and Directions for Future Work
The effects of TBI on cognition are complex and have challenged clinicians throughout history, as well as deterred
neuroscientists from pursuing studies in this “messy” area of inquiry. The complexity is compounded by
combinations of physical and experiential injury, as well as other comorbidities. Much work will need to be done to
better define effective therapies for cognitive dysfunction caused by brain injuries. Research and development
along several key directions will be crucial. Approaches that bridge the basic neuroscience of neural-cognitive
functioning with the practical realities of clinical rehabilitation will be valuable in intervention development. It will be
particularly important to consider the relationships between levels of functioning in order to maximize transfer and
generalization of benefits.
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