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Abstract
Psychiatrists are increasingly called upon to care for individuals with cognitive, emotional, and
behavioral disturbances after TBI, especially in settings serving military service personnel and
Veterans. In both the early and late post-injury periods, cognitive impairments contribute to
disability among persons with TBI and are potentially substantial sources of suffering for persons
with TBI and their families. In this article, the differential diagnosis, evaluation, and management
of posttraumatic cognitive complaints is reviewed. The importance of pre-treatment evaluation as
well as consideration of non-cognitive contributors to cognitive problems and functional
limitations is emphasized first. The course of recovery after TBI, framed as a progression through
posttraumatic encephalopathy, is reviewed next and used to anchor the evaluation and treatment of
posttraumatic cognitive impairments in relation to injury severity as well as time post-injury.
Finally, pharmacologic and rehabilitative interventions that may facilitate cognitive and functional
recovery at each stage of posttraumatic encephalopathy are presented.

Cognitive impairments are common consequences of traumatic brain injury (TBI). In both
the early and late post-injury periods, impairments of arousal, speed of information
processing, attention, working memory, episodic memory, language and social
communication, and executive functioning are common (1,2). Cognitive impairments
contribute to disability among persons with TBI (3-5) and are potentially substantial sources
of suffering for persons with TBI and their families (6).

Psychiatrists are increasingly called upon to care for individuals with cognitive, emotional,
and behavioral disturbances after TBI, especially in settings serving military service
personnel and Veterans. Cognitive complaints are often prominent features of the clinical
presentation of patients referred for psychiatric care after TBI (7). As such, familiarity with
the evaluation, differential diagnosis, and management of posttraumatic cognitive
complaints is needed to serve well these patients.

Toward that end, this article reviews the evaluation and treatment of posttraumatic cognitive
impairments. We discuss first, in brief and in general terms, the importance of pre-treatment
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evaluation as well as consideration of non-cognitive contributors to cognitive problems and
functional limitations. An approach to understanding posttraumatic cognitive impairments in
relation to injury severity as well as time post-injury is presented. The overarching course of
recovery after TBI, framed as a progression through the stages of posttraumatic
encephalopathy, is reviewed next. Thereafter, pharmacologic and rehabilitative interventions
that may facilitate cognitive and functional recovery at each stage of posttraumatic
encephalopathy are discussed.

Pre-Treatment Evaluation
Comprehensive evaluation is a prerequisite to the treatment of any posttraumatic
neuropsychiatric problem, including cognitive impairment. The content and organization of
this type of clinical evaluation are described in detail elsewhere (7-9); readers may find
these references useful guides to the development of a comprehensive assessment of a
patient with neuropsychiatric problems after TBI.

Of utmost importance is determining whether one’s patient experienced a TBI and whether
that patient’s cognitive difficulties are attributable to TBI. The American Congress of
Rehabilitation Medicine (ARCM) definition of mild (or greater) TBI (10) (Table 1) and the
clinical case definition used by the Centers for Disease Control and Prevention (11) (Table
2) are useful guides to the evaluation for TBI. In the inpatient setting, serial (daily)
administration of either the Orientation Log (12) or the Galveston Orientation and Amnesia
Test (GOAT) (13) is recommended to estimate duration of posttraumatic amnesia (PTA);
this information is used to define injury severity, predict short- and long-term outcomes, and
guide cognitive rehabilitation planning (3,14-16). When prospective PTA data are not
collected (as is often the case with mild TBI), retrospective estimation of PTA duration
using an interview anchored to the GOAT is useful (17).

Importantly, Glasgow Coma Scale (GCS) (18) scores are useful for gauging TBI severity
but neither confirm nor refute a TBI diagnosis. Additionally, integrating neuroimaging
findings in the assessment of TBI severity is encouraged; mild TBI with abnormal
neuroimaging (of the types listed in Table 2) is referred to as “complicated mild TBI,” and
outcomes from this injury type are more like those of persons with GCS-defined moderate
TBI than otherwise “uncomplicated” mild TBI (19-21).

The Differential Diagnosis of Posttraumatic Cognitive Impairments
After determining that a patient experienced a TBI, the next step in the evaluation is to
determine whether the patient’s cognitive problems (i.e., complaints, impairments, or both)
are reasonably attributable to that injury. Although the development of cognitive
impairments in the immediate post-injury period may appear, at first glance, to be easily
attributable to TBI, the differential diagnosis for such problems in both the early and late
post-injury periods is quite broad. Pre-morbid intellectual functioning; co-occurring
neurological, medical, or psychiatric problems; other injury-related physical problems (e.g.,
headache, other pain, seizure, etc.); use of cognitively impairing substances or medications;
substance or medication withdrawal states; trauma-induced dissociative states; and symptom
elaboration (or malingering), among other problems, require consideration as contributors to
or explanations for posttraumatic cognitive impairments.

Comparison of the course of the patient’s cognitive complaints and/or impairments with
those expected for the patient’s type and severity of injury is also necessary. In general,
these impairments and related functional limitations are worst in the immediate post-injury
period and gradually (although sometimes incompletely) improve thereafter. Patterns or
severities of cognitive impairment that deviate from this course or that produce patterns of
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functional disability that are not well explained by TBI alone should prompt consideration of
alternate or concurrent explanations for those impairments.

Several of these alternate or concurrent etiologies for early posttraumatic cognitive
impairments merit special attention. Among persons with moderate to severe TBI, seizures
may occur in over 20% of patients and nearly 60% of these are nonconvulsive (22). During
this period seizures must be entertained as a possible explanation for alterations in
consciousness and/or behavior – especially for presentations that might otherwise be
characterized as a delirium.

Seizure prophylaxis with anticonvulsants during the first week after moderate-to-severe TBI
is the standard of care (23-25). Anticonvulsant prophylaxis should be discontinued after the
first week post-injury (23-25). When early or late posttraumatic seizures (including non-
convulsive types) occur, valproate or levetiracetam are reasonable first-line therapies but
require careful monitoring for their effects on cognition and neurobehavioral status.

Additionally, other commonly prescribed medications may interfere with cognition after
TBI (see Arciniegas and Silver (2006) for a detailed review of these issues). Medication of
particular concern with respect to their effects on cognition in this population include: opiate
analgesics; sedative-hypnotic agents, including benzodiazepines; dopamine type-2 (D2)
receptor antagonists and agents that diminish cerebral norepinephrine activity, including
typical antipsychotics; and agents with anticholinergic effects, including those used to treat
dizziness (meclizine, scopolamine), tricyclic antidepressants, and paroxetine, among others.
Because individual clinical circumstances may necessitate the use of one or more of these
agents, a proscriptive approach to the pharmacotherapy in this population is not reasonable.
Nonetheless, remaining mindful of possible cognitive complications of their use is essential.
When possible, avoiding, eliminating, or using the minimum-necessary dose of such
medications and discontinuing them as soon as is feasible is recommended, especially before
drawing conclusions about the severity, prognosis, and also the need for treatment of
posttraumatic cognitive impairments.

The pre-treatment evaluation is also usefully informed by structural neuroimaging (23). In
clinical practice, we routinely perform magnetic resonance imaging (MRI) prior to
developing a neuropsychiatric treatment plan. Neuroimaging demonstrating severe damage
(including traumatic ablation) of areas required for specific cognitive functions suggests a
relative lack of anatomic target for restorative pharmacotherapy. Such findings instead guide
interventions toward environmental/behavioral, supportive/adaptive, and family education/
counseling approaches. On the other hand, relatively “normal” neuroimaging suggests that
pharmacologic interventions that augment cerebral function are more likely to be effective.
When MRI is performed, including T1, fluid-attenuated inversion recovery (FLAIR), T2*
gradient echo, susceptibility-weighted, and diffusion-weighted sequences is recommended.

Evaluation of Posttraumatic Cognitive Impairments
The relationship between posttraumatic cognitive impairments and daily function (or
disability) is complex. At a minimum, it varies with the type (penetrating vs.
nonpenetrating) and severity of TBI, time since injury, the types and severities of cognitive
impairments, and the relevance of those impairments to the activities that affected
individuals perform (2,21). With this in mind, we will limit our discussion to non-
penetrating TBI and organize our discussion of the psychiatric management of posttraumatic
cognitive impairments according to time post-injury.

Arciniegas et al. Page 3

Psychiatr Ann. Author manuscript; available in PMC 2011 January 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Early Posttraumatic Cognitive Impairments
In the early post-injury period, neurobehavioral disturbances and recovery follow a
reasonably consistent, although not invariate, course (26). There is a lack of consensus on
the most useful semantic for describing the neurobehavioral features of the early period after
moderate-to-severe TBI, and the framework presented here is one among several others in
the TBI literature (9,27-29). We suggest that the entirety of this course may be subsumed
usefully under the heading of posttraumatic encephalopathy (PTE), which comprises five
stages: posttraumatic coma, posttraumatic delirium, posttraumatic amnesia (PTA),
posttraumatic dysexecutive syndrome, and recovery (Figure 1). Although all the stages of
PTE entail multiple cognitive, emotional, and behavioral disturbances, each stage may be
described according to its most salient neurobehavioral feature(s) (Table 3).

The stages of PTE occur on a continuum, and patients may vacillate between PTE stages
during recovery from TBI. Use of standardized assessments appropriate to the phase of PTE
facilitates accurate diagnosis, guides prognostic formulations, and permits structured
evaluation of recovery/treatment response. Using these measures also improve the reliability
of examinations performed by members of multidisciplinary care teams, which are
commonly employed in the settings in which patients receive care in the immediate post-
injury period.

Posttraumatic Encephalopathy after Moderate-to-Severe TBI—The Coma
Recovery Scale-Revised (30) is an easily administered and useful assessment of
posttraumatic coma. The assessment of posttraumatic delirium may be facilitated by use of
the Delirium Rating Scale-Revised-98 (31) or its TBI-specific derivative, the Delirium
Diagnostic Tool-Provisional (28). During this period, it is also appropriate to begin serial
(daily) assessment using the O-Log (12) or the GOAT (13). After patients emerge from
posttraumatic delirium, daily assessment using the O-Log or the GOAT continues until the
patient meets criteria for emergence from PTA (for two consecutive days, O-Log ≥ 25 or
GOAT ≥ 76). During this stage of PTE, further evaluation of cognition using the Mini-
Mental State Examination (MMSE) (32) and the Frontal Assessment Battery (FAB) (33) and
interpreting performance using norms for these measures (34,35) is encouraged. Data
derived from these measures informs on cognitive function during and after PTA as well as
inpatient rehabilitation outcomes (36). When neuropsychological testing resources are
available (logistically and economically), a brief battery of neuropsychological tests
developed specifically for use among persons with TBI receiving inpatient acute
rehabilitation has been developed and may also provide useful information (4).

During the latter stages of PTE, neuropsychiatric disturbances also are common and require
identification and treatment before cognition-specific interventions are undertaken. In light
of the types of cognitive deficits experienced by patients in PTA (i.e., impaired episodic
memory and executive deficits, including impaired insight), interviewing patients about their
neuropsychiatric symptoms often is minimally productive. Instead, structured interviews of
staff and family members regarding the patient’s neuropsychiatric symptoms are more
useful. The Neuropsychiatric Inventory-Nursing Home version (37), in our experience, is
well suited to the evaluation of neuropsychiatric disturbances among inpatients in the latter
stages of PTE (36).

Posttraumatic Encephalopathy after Mild TBI—In the relatively early period after
mild TBI (see Figure 1), many patients develop functionally significant impairments in
higher-level attention, processing speed, working memory, memory retrieval (more than
new learning), functional communication, and executive function. These impairments are
frequently accompanied by other disturbances in emotional regulation and/or behavior.
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These problems individually and collectively reflect disturbances of frontally-mediated
cognition (i.e., intrinsic executive function) as well as executive control of more basic
cognitive functions, emotion, and social/interpersonal conduct. Accordingly, we use the
term ‘posttraumatic dysexecutive syndrome’ here to refer to this constellation of problems.

Notwithstanding unusual circumstances in which a neuropsychiatrist is involved in the
immediate post-injury care of persons with TBI, patients referred to psychiatrists for
evaluation and management of cognitive problems after mild TBI are in the posttraumatic
dysexecutive stage of PTE, if in PTE at all. The Neurobehavioral Rating Scale-Revised
(38,39) is a structured interview-based assessment of posttraumatic cognitive and
neuropsychiatric symptoms. This measure is well suited to the evaluation of inpatients or
outpatients with recent TBI who are able to participate fully in an assessment of such
problems. If formal neuropsychological assessment is performed at all in the very early post-
injury period, a brief battery like that described above (4) may be considered. It also is
useful to assess cognitive and other neurobehavioral symptoms using a structured self-rating
metric like the Neurobehavioral Functioning Inventory (40). Findings from these or similar
assessments may help both clinician and patient identify symptoms that are most troubling
and/or interfering with everyday function, and establish a baseline against which to gauge
the effects of any treatments undertaken.

Late Posttraumatic Cognitive Impairments
Posttraumatic encephalopathy resolves gradually, albeit sometimes incompletely, in the
weeks and months after TBI. As suggested by Figure 1, there is a dose-response relationship
between injury severity and cognitive outcome, with greater numbers, severities, and
persistence of cognitive impairments among persons with more severe injuries.

Moderate-to-Severe TBI—When cognitive impairments become persistent problems for
persons with moderate-to-severe TBI, disturbances of episodic memory (although not
generally simple orientation), slowed information processing, executive function, and
attention are the most common problems (2). The character of these impairments is
frequently captured within the construct of posttraumatic dysexecutive syndrome described
earlier in this article, although patients with more severe injuries may also have substantial
impairments in ‘basic’ cognitive functions as well. There is variability in cognitive outcome
even at the more severe end of the injury spectrum despite this relationship, however, and
substantial cognitive recovery after moderate-to-severe TBI is not uncommon. Additionally,
the relationship between cognitive impairments and functional limitations is not entirely
straightforward (41). A relatively recent study (14) observed 1-year post-injury returns to
productive employment in: 70% of subjects with PTA of 1 day – 2 weeks; approximately
40% of subjects with PTA of 2-4 weeks; and approximately 20% (or fewer) with PTA > 4
weeks.

In light of these considerations, we encourage clinicians to use a neurorehabilitative
approach to the evaluation and treatment of individuals with persistent cognitive
impairments after moderate-to-severe TBI: one in which functional limitations are regarded
as the primary clinical concern and cognitive (and other neurobehavioral and psychosocial)
problems (42) are evaluated as factors that may be contributing to those limitations. Clinical
interview of the patient and, when possible and relevant, his or her family, caregivers, and
employers is performed to identify the functional problems requiring intervention. In many
cases, formal assessment of the patient’s function in his or her usual home/work
environment by a rehabilitation therapist will be necessarily and useful to define the highest
priority clinical problems. The factors contributing to those problems – including cognitive,
emotional, behavioral, physical, and psychosocial factors – are then evaluated in the manner
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described earlier in this article. In some cases, clinical observation, mental status
examination, and ‘bedside’ cognitive assessment using the MMSE, FAB, or similar
measures (43) may provide enough information to guide pharmacologic and rehabilitative
interventions. When logistically and economically feasible to obtain, formal
neuropsychological testing provides a more detailed assessment of a patient’s cognitive
strengths and weaknesses. This information may inform on the relationship between
cognitive impairments and function limitations, identify possible cognitive targets for
pharmacotherapy, and facilitate the development of rehabilitative interventions that
capitalize on a patient’s remaining cognitive strengths.

Mild TBI—As reviewed in detail elsewhere (8), the majority of individuals experience
substantial recovery over the first year after mild TBI: 80-100% experience postconcussive
symptoms (e.g., cognitive slowing, attention and/or memory problems, headache, etc.)
immediately following TBI; about 50% remain symptomatic three months after TBI; and a
minority (1-20%) experience persistence of such symptoms into the late (6-12 months or
longer) post-injury period. In light of the generally favorable prognosis associated with mild
TBI, the nature of persistent posttraumatic cognitive problems following mild TBI is a
subject of considerable debate (2,44).

Comparisons of late cognitive outcomes among groups of subjects with mild TBI and
appropriately matched comparison subjects do not consistently demonstrate differences (45).
This finding, however, is not particularly surprising: the natural course of recovery after
mild TBI would be expected to leave only a minority of persons with cognitive impairments
in prospectively followed groups of this type and therefore would tend to minimize the
effects of any level of impairment experienced by this minority on the neuropsychological
test scores of the group as a whole. Studies that carefully excluded subjects with pre- and
post-TBI neurological, psychiatric, substance, and psychosocial confounds (46,47) identify
not only posttraumatic cognitive impairments but also their possible neurotrauma-induced
biological correlates. However, such studies are often criticized for their lack of
generalizability: their exclusion criteria create study groups with far fewer neuropsychiatric
comorbidities (e.g., depression, anxiety, irritability, posttraumatic stress disorder; head or
body pain (including headache); sleep disturbances and fatigue; substance use conditions)
and psychosocial stressors that are generally encountered in this population (7,48). These
exclusory conditions are more the rule than not and they may cause, contribute to, and/or
confound evaluation of posttraumatic cognitive complaints and impairments.

The need for comprehensive neuropsychiatric evaluation therefore is imperative prior to
initiating treatment for chronic posttraumatic cognitive complaints and/or impairments after
mild TBI. As outlined in Silver et al. (2009) (7), examining the relationship between
cognitive, emotional, behavioral, and physical postconcussive symptoms, the patient’s pre-
injury characteristics, and post-injury psychosocial stressors and supports is needed. This
examination will determine whether that patient is best served initially by treating non-
cognitive problems, cognitive problems, or both concurrently. For example, Fann et al.
(2001) (49) observed that treatment of depression after TBI produced improvements not
only in depression but also in neuropsychological performance and the severity of self-
perceived cognitive difficulties. With this in mind, it is prudent in cases in which depression
is comorbid with cognitive complaints to treat depression (perhaps using an agent with
potential cognitive benefits as well) prior to initiating cognitive-specific interventions.
Similarly, posttraumatic sleep disturbances exacerbate (and, in some cases, are responsible
for) posttraumatic attention impairments (50); improving sleep may therefore alter (or
obviate) treatment of such impairments.
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When persistent posttraumatic cognitive impairments are the focus of treatment, baseline
evaluation using neuropsychological testing (including symptom validity metrics) and
measures like the Neurobehavioral Functioning Inventory (40) are recommended. Findings
from these assessments can be used to guide medication selection and, through periodic
reassessment, to monitor the effects of such treatments. Additionally, identifying specific
everyday tasks that the patient believes are made more difficult by specific cognitive
complaints or impairments is needed to guide rehabilitation interventions and compensatory
strategy development. Formal assessment by a rehabilitation specialist of the patient’s
performance in the contexts in which they are trying to perform these tasks may also be
useful toward that end.

Treatment of Posttraumatic Cognitive Impairments
The selection of treatments of posttraumatic neurobehavioral disturbances is best guided by
the published literature specific to TBI. The suggestions offered here therefore represent a
combination of the published literature and our own clinical experience. Readers are referred
to Arciniegas and Silver (2006) (1), Warden et al. (2006) (51), and Chew and Zafonte
(2009) (52) for comprehensive reviews of pharmacotherapies of posttraumatic cognitive
impairments. When medications are used for any purpose in this population, cautious
dosing, frequent reassessment of effects and side effects, and monitoring for drug-drug
interactions are strongly encouraged. Once a treatment is selected, dose titration to either
beneficial effect or medication intolerance should be completed before discontinuing that
treatment or adding additional agents (i.e., start-low, go-slow, but go). When a single
medication does not provide adequate relief of symptoms or cannot be tolerated at
therapeutic doses, augmentation using a second low-dose agent with a different mechanism
of action may be useful. Readers are also encouraged to remain mindful that there are no
FDA approved treatments for posttraumatic cognitive impairments and all those discussed
here must be regarded as “off-label” uses. We encourage clinicians to consider the
application of these agents to the treatment of any individual patient a matter of empiric
trial.

The evidence-based reviews of cognitive rehabilitation performed by the Brain Injury
Interdisciplinary Special Interest Group of American Congress of Rehabilitation Medicine
(53,54), the Task Force on Cognitive Rehabilitation of the European Federation of
Neurological Societies (55,56), and related meta-analyses (57) are also recommended
readings for clinicians working with this population. In the interest of brevity, we will refer
in this article to these reviews, rather than the primary sources they cite, except where noting
key citations or identifying articles not included in these reviews is necessary.

Posttraumatic Coma
Reducing or eliminating cognitively-impairing medications, where possible, and addressing
neurological problems (e.g., seizures) or medical comorbidities (i.e., hypotension,
hypoglycemia, etc.) that may be contributing to impaired wakefulness (coma) are the most
important elements of the neurobehavioral management of posttraumatic coma.
Additionally, facilitating the patient’s engagement with staff, family (when available), and
the environment is recommended; this includes entraining sleep-wake cycles with lighting
cues; silencing alarms during rest periods; establishing appetitive/feeding rhythms with
bolus rather than continuous feeding (where possible); avoiding elective procedures (i.e.,
blood draws, catheterization, line changes, etc.) at odd hours; and optimizing pain
management while avoiding over-sedation, where possible. Formal sensory stimulation
(“coma stimulation”) protocols are available, but the evidence of benefits from their use is
limited (58). If offered to patients in posttraumatic coma (and, by extension, posttraumatic
vegetative and minimally conscious states), it is important that staff and family maintain
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realistic expectations regarding the potential benefits of such interventions and weigh
carefully the cost:benefits of their provision.

The benefits of pharmacotherapies targeting impaired arousal are only modestly more
encouraging (59,60). Although many agents, including bromocriptine, carbidopa/levodopa,
methylphendiate, zolpidem, lamotrigine, and protriptyline, among others, are sometimes
used for this purpose, the evidence favors amantadine as the first agent to use for the
treatment of impaired arousal (i.e. coma and other disorders of consciousness) after TBI.
Treatment generally begins with amantadine 50 mg twice daily, and may be increased
weekly by 100 mg/day to achieve symptomatic improvement, medication intolerance, or a
maximum dose of 200 mg twice daily. Monitoring for side effects, particularly evidence of
potentiation of anticholinergic agents and seizures, is required. If amantadine is ineffective
or is not tolerated, serial trials of other agents (e.g., bromocriptine, carbidopa/levodopa,
methylphenidate, etc.) may be attempted (see Chew and Zafonte (2009) (52) for a detailed
review of this topic).

Posttraumatic Delirium
Environmental and behavioral interventions as well as family and staff education are the
cornerstones of posttraumatic delirium management. This includes the same steps to
facilitate adaptive engagement with staff, family (when available), and the environment
described for the management of posttraumatic coma. Balancing these interventions with the
need to limit sensory overstimulation and resulting agitation is necessary, even if sometimes
difficult to achieve in inpatient (including critical care) settings. Providing frequent
reorientation cues regarding current circumstances and surroundings may help reduce
agitation resulting from patients’ confusion on these points. Additionally, using one-to-one
staffing (‘sitters’) in lieu of physical restraints is encouraged; physical restraint predictably
increases agitation in confused patients, leading to their continued use and anti-agitation
medication administration, which lead to further confusion and agitation and delayed
emergence from posttraumatic delirium.

The general practice of using haloperidol (or other high-potency typical antipsychotics) and/
or benzodiazepines to treat the perceptual and behavioral disturbances that occur during
delirium requires reconsideration in this context, as these treatments may delay
neurobehavioral recovery as well as neuroplasticity and repair after TBI (see Arciniegas and
Silver (1) for review). Atypical antipsychotics appear to be as effective as haloperidol for the
treatment of delirium in critically ill (including mechanically-ventilated) patients, interfere
less with cerebral dopaminergic function, may facilitate normalization of cerebral
cholinergic function, and produce fewer adverse motor effects than haloperidol.
Collectively, these features make them attractive for the treatment of posttraumatic delirium
(9). When enteral administration is possible, we generally use quetiapine 25-50 mg every
4-6 hours, with rapid dose escalation to achieve treatment response or until treatment
intolerance develops. In our experience, quetiapine 600 mg (total daily dose) is generally
needed to decrease agitated, aggressive, and other disinhibited behaviors during
posttraumatic delirium. When enteral administration is not possible, we use olanzapine 2.5
mg IM every 12 hours, and may be advanced to olanzapine 5 mg every 6 hours as tolerated
(but not exceeding a total daily dose of olanzapine IM 20 mg). If these agents are not fully
effective in the management of agitation/aggression due to posttraumatic delirium,
adjunctive or alternative treatment with valproate (starting at 250-500 mg three times) daily
orally or intravenously may be helpful. If all of these interventions fail, then treatment with
haloperidol 0.5 – 1 mg twice daily (by mouth, IM, or intravenously, total daily dose not
exceeding 10 mg daily) may be considered. At haloperidol 10 mg daily, the apparent
‘effectiveness’ of high-dose haloperidol likely reflects its additional dose-dependent effects
on alpha-1 adrenergic and serotonin type-2A receptors. If such effects are required to treat
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posttraumatic delirium, then using a lower dose of an atypical antipsychotic is likely to be as
effective neurobehaviorally and less problematic with respect to extrapyramidal symptoms.
The use of benzodiazpines is appropriate for the treatment of alcohol withdrawal or delirium
tremens in the patient with TBI; their use in the acute post-injury period after TBI is
otherwise discouraged strongly.

Posttraumatic Amnesia
Non-pharmacologic interventions are essential during PTA. The form and content of these
interventions are organized around supporting cognition and providing environmental
compensation for memory and executive disturbances. For example, errorless learning is an
approach in which caregivers proactively provide patients with correct orientation and other
necessary information in order to facilitate learning of that information, avoid encoding
errors of comission (which interfere with learning correct information), and to minimize
patient frustration/agitation associated with memory failures. Additionally, providing cueing
and direction for daily tasks (given concurrent executive dysfunction), and providing
patient/family/staff training and support are encouraged. Drill-and-practice tasks intended to
‘remediate’ cognitive deficits, including attention training exercises, visual imagery
exercises, and the use of ‘memory notebooks,’ are sometimes offered to patients in PTA.
These may be useful strategies for the treatment of patients with postacute and mild
impairments in attention and memory; however, the benefits they confer are no better than
those associated with spontaneous recovery or more general supportive cognitive
interventions (53,54) and therefore are not recommended for persons in PTA.

Cholinesterase inhibitors may hasten recovery from PTA; however, their effects on overall
outcome after TBI remain uncertain (61,62). When enteral administration is feasible,
donepezil (5 mg daily for 2 weeks followed by 10 mg daily thereafter) is generally used as
the first-line treatment. If enteral administration is not possible, intravenous physostigmine
(3-12 mg daily, usually in 3-4 divided doses) or transdermal rivastigmine (4.6-9.5 mg/24
hour patch) may be considered. Of note, there are no published studies of transdermal
rivastigmine among persons with TBI, but its safety profile and ease of administration make
it a more appealing agent than physostigmine in this population. If used, the rivastigmine
patch is initiated at 4.6 mg/24 hours, and should not be increased to 9.5 mg/24 hours prior to
the end of 4 weeks of treatment at 4.6 mg/24 hours. Given the lack of population-specific
safety data, this treatment should be used cautiously and with assiduous clinical monitoring,
if it is used at all.

Impairments in speed of processing, higher-level (sustained, divided, alternating) attention,
working memory, and executive function are also generally present during PTA. When
patients respond to cholinesterase inhibitor therapy, these other cognitive impairments may
improve as well. If specific treatment of these problems is needed, methylphenidate (5 mg
twice daily, titrated in 5 mg twice daily increments every 2-3 days to a target dose of 0.3
mg/kg twice daily) may be useful. Alternatively, amantadine (50 mg twice daily, increased
weekly by 100 mg/day to a maximum dose of 200 mg twice daily) may be considered.

Treatment of concurrent neuropsychiatric problems may be required during PTA. When
depression, anxiety, or pathological laughing and crying develop during the period of PTA,
treatment with selective serotonin reuptake inhibitors with relatively short half-lives, limited
drug-drug interactions, and no antimuscarinic effects is preferred. These agents may also be
useful for disinhibited, agitated, and/or aggressive behaviors. When they are ineffective or
poorly tolerated, treatment with valproate (250 mg three times daily, titrated every 4-5 days
in increments of 750 mg daily (divided doses) to effect or treatment intolerance may be
useful. Alternatively, treatment with an atypical antipsychotic (as described above) may be
considered. When any of these or other neurobehavioral problems develops in the early
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post-injury period, consultation with a neuropsychiatrist or behavioral neurologist
experienced in their management is encouraged.

Posttraumatic Dysexecutive Syndrome
Whether it is developed as the last stage of a prolonged PTE after moderate or severe TBI,
an early consequence of mild TBI, or a chronic form of posttraumatic cognitive
impairments, posttraumatic dysexecutive syndrome is a clinical presentation of patients that
are likely to present for psychiatric consultation and treatment. Our approach in this article
has been to organize evaluation and treatment according to time post-injury and/or severity
of initial TBI; however, the clinical features of this stage of PTE are quite similar across
severities of TBI and throughout the post-injury period. We therefore will address first our
overall approach to treating posttraumatic dysexecutive syndrome and, thereafter, comment
on nuances of treatment that are informed by initial injury severity and time since injury.

As noted earlier, identifying and assiduously characterizing the patients cognitive problems
(i.e., complaints, impairments, or both), the everyday tasks with which they are struggling,
and the possible relationships between cognitive problems and functional status is essential.
Interviewing family, staff, and other knowledgeable informants about these issues also is
strongly encouraged. Information from all of these sources is needed to develop contextually
relevant, patient-centered cognitive rehabilitation goals and interventions. It also is used to
uncover discrepancies between presenting complaints and functional limitations that require
additional – complementary or alternative – explanations for the patient’s clinical
presentation and the need for further evaluation for such. Also as noted earlier, treatment of
any such conditions is encouraged as an antecedent to the provision of cognition-specific
rehabilitative and pharmacologic interventions.

Before considering referral for formal cognitive rehabilitation, psychiatrists and other mental
health clinicians may assist patients during this stage of TBI recovery with learning and
adopting several basic cognitive rehabilitation strategies. First among these strategies is
helping the patient identify and, where possible, modify environmental antecedents to their
cognitive failures. Understanding the contexts in which cognitive problems present
functional challenges, as well as recognizing the relationship between perceived cognitive
failures and affective/behavioral problems, facilitates the development of proactive
approaches, rather than purely reactive responses, to these issues. This approach, in turn,
facilitates improvements in the functional use of cognition, mitigates cognitive-impairment
related disability, and alleviates patient and caregiver distress.

Outlining daily events/tasks and scheduling them to coincide with times during the day
when the patient is well rested and/or refreshed is often very useful. This type of event/task
scheduling reduces the likelihood (or extent to which) physical and/or cognitive fatigue
affect function adversely. Everyday task performance as well as interpersonal function also
may be improved by adjusting patient and family expectations about the number of tasks to
be performed and the pace at which they will be completed. Waiting longer for verbal
responses, teaching others not to respond or perform immediately for the individual,
allowing longer intervals to accomplish tasks, and similar simple expectation-resetting
interventions can be very useful functionally and psychologically for all involved.

Encouraging the use of ‘cognitive prosthetics’ such as memory notebooks, timers with
alarms and messages, task lists, and verbal and/or non-verbal cues from others (or by
signage posted in the patient’s environment), also may help compensate for impairments in
higher-level attention, working memory, episodic memory retrieval difficulties, and intrinsic
executive dysfunction. These sorts of cognitive prosthetics may also reduce performance
failure- or frustration-related affective responses (e.g., anxiety, crying, anger/agitation, etc.).
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Similarly, assistive technologies such as communication devices, ‘smart phones,’ global
positioning devices, and so forth also may help to compensate for impairments in language,
topographical orientation, and executive function.

If, after assisting the patient and his or her family/caregiver/employer implement these
strategies, it is clear that more specific cognitive rehabilitation interventions are needed, then
formal consultation with rehabilitation therapist (usually a speech-language pathologist or an
occupational therapist) experienced in TBI-related cognitive rehabilitation may be useful. As
noted earlier, evidence-based reviews support the use of cognitive rehabilitation
interventions for several types of posttraumatic cognitive problems (see Table 4). Split
therapy between the psychiatrist or other clinician guiding the patient’s overall treatment
plan and the rehabilitation therapist providing cognitive rehabilitation interventions may be
highly productive. Toward that end, effective communication and sharing of information
about the patient’s treatment goals and response is essential, particularly when medications
also are used to facilitate cognitive recovery.

There are two general approaches to the pharmacotherapy of cognitive impairments of the
sort experienced during this stage of recovery after TBI: catecholaminergic augmentation
and cholinergic augmentation. Methylphenidate augments cerebral dopaminergic and
noradrenergic function and is generally regarded as a first-line treatment for posttraumatic
impairments of processing speed; this agent also may improve arousal and, to a lesser
extent, attention and memory disturbances (1,51,52). The dose initiation and titration
procedure for this agent is similar whether it is offered to an inpatient or outpatient: begin
with methylphenidate 5 mg twice daily, increase by 5 mg twice daily increments at intervals
of no less than 2-3 days (and, in outpatients, it is often simpler to increase at weekly
intervals) until a target dose of 0.3 mg/kg twice daily is achieved or treatment intolerance
develops. If the latter occurs, reducing to the best previously tolerated dose is recommended.
Onset of action is administration-related, with maximal benefit over 1-4 hours (more or less)
after each dose taken. Timing administration of methylphenidate to match daily task
demands is encouraged (i.e., for most patients, taking methylphenidate with breakfast and
with lunch) as is avoiding administration within 4 hours of an anticipated sleep period.
Methylphenidate may produce mild increases in heart rate and/or blood pressure, but these
effects are infrequent and rarely require treatment discontinuation (63). Additionally,
treatment with methylphenidate does not appear to increase seizure frequency in this
population (63), even among those with previously-established seizures (64).

Cholinesterase inhibitors are most useful for the treatment of posttraumatic memory
impairments (1,51,52), including impairments in retrieval of declarative information (i.e.,
executive control of verbal memory). Among patients with such impairments who respond
to cholinesterase inhibitors, treatment-related improvements in attention and executive
functioning also are common. For simplicity of daily administration and dose titration,
donepezil (5 mg daily for 2 weeks followed by 10 mg daily thereafter) is commonly the
first-line treatment. Oral rivastigmine (1.5 mg twice daily for 4 weeks, with increases in
increments of 1.5 mg twice daily every four weeks) up to 12 mg/day is an alternative to this
approach (65-68); the ability to incrementally adjust cholinesterase inhibitor dosing may be
an advantage in some cases, although the adverse event profile of this agent in common
clinical practice is generally less favorable than that associated with donepezil. When oral
administration is not possible, transdermal rivastigmine (4.6-9.5 mg/24 hour patch) may be
considered – however, the lack of population-specific safety data necessitate cautious use
and assiduous clinical monitoring, if transdermal rivastigmine is used at all in this
population. If used, the rivastigmine patch is initiated at 4.6 mg/24 hours, and it should not
be increased to 9.5 mg/24 hours prior to the end of 4 weeks of treatment at 4.6 mg/24 hours.
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Some patients respond robustly to catecholaminergic agents, others to cholinesterase
inhibitors, some require treatment with some combination of these agents, and others
respond poorly to all presently available medications. The use of these or any other such
agents (see references (1,51,52) for the cognitive impairments during the posttraumatic
dysexecutive syndrome stage of recovery after TBI must be approached as empiric trials
with each patient.

Regardless of the pharmacotherapy or rehabilitation intervention used, periodic trials of
treatment discontinuation are essential in order to determine whether it remains necessary.
As noted earlier, spontaneous, even if sometimes incomplete, recovery is anticipated over
first several months or longer after TBI. That recovery will obviate the need for continued
pharmacologic and rehabilitative treatments in many patients. Accordingly, setting a
schedule for tapering and/or discontinuing treatment and using a method of systematic and
structured reassessment (e.g., using the same metrics employed at baseline) is
recommended. In general, we perform these treatment tapers and discontinuations no later
than 3-6 months after they are started and again at the end of the first year post-injury. The
need for and types of treatments offered thereafter, if any, are predicated on the results of
these treatment taper-related comprehensive clinical reassessments.
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Figure 1.
Typical courses of progression through the stages of posttraumatic encephalopathy
following mild, moderate, and severe TBI. The lines illustrating these courses for each level
of injury severity are idealized; there is substantial variability in outcome at all levels of
initial injury severity which, for the purpose of diagrammatic simplicity, is not illustrated
here.
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Table 1

Definition of mild TBI, based on the definition developed by the Mild Traumatic Brain Injury Committee of
the Head Injury Interdisciplinary Special Interest Group of the American Congress of Rehabilitation Medicine
(1993)

Application of a physical force to the brain, including:

• blunt trauma to the head (i.e., head being struck, head striking an object) AND/OR

• acceleration/deceleration movement

The physical force induces a physiological disruption of brain function, as evidenced by
one or more of the following:

• any period of loss of consciousness

• any period of posttraumatic amnesia

• alteration of consciousness (i.e., “dazed, disoriented, or confused”)

• focal neurological deficits (transient or sustained)

To remain in the mild category of injury:

• loss of consciousness (if present) is does not exceed approximately 30 minutes

• Glasgow Coma Scale score (if obtained) is 13-15 within 30 minutes post-injury

• posttraumatic amnesia (if present) does not persist for more than 24 hours

Injuries producing more than 30 minutes of lost consciousness, initial (e.g., 30-minute
post-injury) Glasgow Coma Scale scores ≤ 12, or posttraumatic amnesia > 24 hours are
considered more than mild (i.e., moderate or severe)
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Table 2

Clinical case definition of TBI adapted from the Center for Disease Control (CDC) Guidelines for the
Surveillance of Central Nervous System Injury (2002). This case definition requires occurrence of a injury to
the head (brain) due to blunt or penetrating trauma or from acceleration-deceleration forces that results in one
or more of the following: observed or self-reported alteration of consciousness; amnesia; objective
neurological or neuropsychological abnormality; or diagnosed intracranial lesion. The CDC guidelines also
permit skull fracture alone to constitute evidence of TBI. However, skull fracture alone is not a sufficiently
reliable predictor of TBI to use as the sole clinical indicator of this condition and therefore is not included in
the clinical case definition presented here

Injury-Induced Clinical Phenomena Description

Alteration of consciousness There is observed or self-reported:

• complete loss of consciousness (LOC), OR

• Partial loss of consciousness, i.e. impaired wakefulness (arousal) or impaired awareness
(selective or sustained attention)

Amnesia Loss or impairment of episodic memory (posttraumatic amnesia):

• anterograde amnesia (AGA): impaired (usually absent) memory for the injury and for
subsequent events (requisite feature)

• retrograde amnesia (RGA): impaired memory for events immediately preceding the injury
(variably present)

Objective neuropsychological
abnormality

Neuropsychological examination demonstrates:

• abnormal mental status (e.g., disorientation, confusion, agitation), AND/OR

• other changes in cognition, behavior, or personality

Objective neurological abnormality On elementary neurological examination, there are:

• focal motor, sensory, or reflex abnormalities, AND/OR

• abnormalities of language (aphasia or dysphasia), AND/OR

• seizures (focal or generalized)

Diagnosed intracranial lesion On computed tomography (CT) or magnetic resonance imaging (MRI),
there is evidence of one or more of the following:

• diffuse axonal injury

• hemorrhage (epidural, subdural, subarachnoid, and/or intracerebral)

• cerebral contusion or laceration

• penetration of brain by foreign body (e.g., gunshot wound)
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Table 3

An overview of posttraumatic encephalopathy, its stages, and their features

PTE Stage Key Neurobehavioral
Feature

Description

Posttraumatic Coma Impaired arousal A complete impairment of arousal (wakefulness) in which there is no response to
sensory input and
no spontaneous behavior (purposeful or non-purposeful).

Posttraumatic Delirium Impaired attention A state in which there is reduced clarity of awareness of the environment, as
evidenced by a reduced
ability to focus, sustain, or shift attention.

Additional features may include:

• alterations of arousal, which may fluctuate over minutes, hours, or days;

• disturbances of sleep-wake cycle;

• motor restlessness;

• impairments of processing speed, working memory, episodic memory
(including orientation), language/communication, and executive function;

• perceptual disturbances (i.e., illusions, hallucinations)

• emotional lability;

• verbally, physically, and/or sexually disinhibited behavior, agitation, and/
or aggression.

Posttraumatic Amnesia Impaired episodic memory A state characterized by impaired new learning of declarative information, including
orientation to
time, place, and situation as well as autobiographical information for the peri- and
immediate post-
injury period; these impairments are not attributable to disturbances of wakefulness
(coma) or
awareness (delirium).

In this state, selective and sustained attention are relatively normal; impairments of
higher-level
(alternating, divided) attention, working memory, and executive function (including
insight) are
present; emotional and behavioral disturbances may persist (i.e., emotional lability,
irritability,
depression, anxiety, psychosis, apathy, aggression); based on the patient’s cognitive
status, these
problems are not attributable to posttraumatic delirium, but instead represent the
neuropsychiatric
sequelae of focal injuries (i.e., orbitofrontal syndrome) or damage to
neurobehaviorally salient
networks.

Posttraumatic
Dysexecutive
Syndrome

Executive dysfunction,
including executive control
of ‘basic’ cognitive abilities

A state characterized by impaired intrinsic executive function (e.g., conceptualization,
judgment,
insight) and impaired executive control of other cognitive functions, including
attention (i.e.,
alternating, divided), working memory, language (impaired word retrieval, not
confrontation
naming), motor planning, and declarative memory (impaired retrieval, not new
learning).

In this state, emotional and behavioral disturbances may persist (i.e., emotional
lability, irritability,
depression, anxiety, psychosis, apathy, aggression); based on the patient’s cognitive
status, these
problems are not attributable to posttraumatic delirium, but instead represent the
neuropsychiatric
sequelae of focal injuries (i.e., orbitofrontal syndrome) or damage to
neurobehaviorally salient
networks.
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Table 4

Rehabilitation interventions for posttraumatic cognitive impairments. Recommendation levels (Standard >
Guideline > Option) are based on the evidence-based review performed by the Brain Injury Interdisciplinary
Special Interest Group American Congress of Rehabilitation Medicine (Cicerone et al. 2000, 2005)

Intervention Evidence-Based
Recommendation

Comment

Memory strategy training Practice standard Recommended for persons with mild memory impairments; may include
internalized
strategies (e.g., visual imagery) or external memory compensations (e.g.,
notebooks).

Strategy training for attention deficits Practice standard Recommended during postacute rehabilitation, not during the acute
phase of recovery.

Treatment of specific language impairments Practice guideline Recommended for specific language impairments only (e.g., reading
comprehension
and language formulation).

Training in compensatory strategies Practice guideline Recommended for persons with severe memory impairment when
applied to functional
activities; likely to be most useful when offered after emergence from
PTA (include the
late post-injury period).

Training in formal problem-solving strategies Practice guideline Recommended during the postacute rehabilitation phase and when
targeted to everyday
situations and functional activities that the person with injury is required
to perform.

Comprehensive-holistic neuropsychologic
rehabilitation

Practice guideline Recommended during post-acute rehabilitation to reduce cognitive and
functional
disability for persons with moderate to severe TBI.

Self-regulation and self-monitoring
instruction

Practice option May be helpful for persons with impairments of executive function,
attention (including
neglect states), memory, and/or emotional regulation.

Computer-based interventions intended to
produce extension of damaged visual fields

Practice option May be considered when posttraumatic visual field defects are present.

Rote practice on computer-based tasks
without therapist involvement

Not recommended
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