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Treating Persons With Traumatic Brain Injury:
History and Updates

Janet P. Niemeier, Lori M. Grafton, Tara Chilakamarri
The scientific traumatic brain injury (TBI) literature chronicles 50 years of epidemiologic data, neurobehavioral and
cognitive symptoms, diagnostic tools for measuring outcomes, and treatments for persons with TBI. In this article,
we review the state of our knowledge about TBI causes and
symptom complexities, evidence-based treatments, and
ongoing treatment needs.

E

ach year, 235,000 Americans are hospitalized for nonfatal traumatic brain injuries (TBIs), 1.1 million people
are treated in emergency departments, and 50,000 people
die [1]. TBI survivors share a list of common goals: attaining
preinjury levels of productivity, enjoying a social and support
network, and experiencing improved quality of life [2]. Their
journey has received much attention in the scientific TBI literature over the past 50 years. The first 30 of those years
were largely devoted to studying the epidemiology of TBI;
the complexity of neurobehavioral and cognitive symptoms
and their impact on family and community; and the variability in pace, degree, and rate of recovery [3-7]. In addition,
tools for accurately diagnosing TBI, for measuring variables
that contribute to the heterogeneity of the population, and
for assessing treatment outcomes were (and still are) a
prominent focus of research [8, 9].
This foundational work was essential for understanding the heterogeneity and complexity of TBI. Since the
late 1980s, however, trials of treatment interventions have
increasingly been a focus of investigation [10-12]. Federal
agencies such as the National Institute on Disability and
Rehabilitation Research [13] and the National Institutes of
Health [14], through the Eunice Kennedy Shriver National
Institute of Child Health and Human Development, began
to support investigations into efficacious treatments for
persons with TBI. Private businesses, the National Football
League [15], and the US government are also continuing to
support TBI research priorities and external funding initiatives through programs such as the Brain Initiative [16].
There is still a significant need to conduct research
focused on improving the effectiveness of treatments for
persons with TBI. However, evidence from the last 15 years
has helped clinicians have some confidence in their ability
to meet the challenges involved in working with persons
with TBI [10-12, 17, 18]. In the area of prevention, research

amassed since 1998 has led to a greater understanding of
the diverse aspects of TBI [12]. We have identified children
and older adults as at-risk groups for falls resulting in head
trauma [12]. Due to increased vehicular crash–related TBIs,
we have implemented preventive measures regarding drunk
driving, seat belt use, and helmet use [12]. To date, multiple
social-behavioral, targeted therapeutic rehabilitation, and
medication intervention trials have been conducted with
both civilian and military TBI populations [10-12, 17-21].
Major systematic and selective reviews of trials now exist
[10-12, 17-21]. Reviewers present trials classified according
to the quality of evidence as recommended by the American
Academy of Neurology [22]; they also provide recommendations for clinical application or use of methodologies
based on these levels of evidence [10, 11]. In a general sense,
the literature tells us that early and comprehensive inpatient
rehabilitation improves both function at discharge from
acute care and subsequent community integration [23]. We
know that caregiver support and skills training of caregivers
have a direct and positive effect on the person with TBI [24].
The literature also shows that injury-related information,
work or other productive activity, and a social network result
in the best perceived quality of life after TBI [2].
The following is a selective list of some of the most promising evidence-based treatments for TBI, by specific postTBI symptom domain.

Depression and Anxiety Following TBI
Perhaps as a result of the deficits in problem solving and
coping resources that are common after TBI, up to 53.1% of
people with TBI develop clinical depression [25]. There are
also accompanying post-TBI problems with anxiety, sleep
disturbance, agitation, anger outbursts, and impulsivity
[25, 26]. Potential helpers or caregivers, whose support is
critical for people with TBI, are stressed and sometimes
pull away in the face of these injury-related challenges [6].
Specific medications (such as sertraline [27]), physical
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exercise [28], and cognitive behavioral therapy [29-31] are
high on the list of evidence-based practices for improving
mood and coping after TBI. In addition, there is evidence
that online and telephone delivery of counseling and psychotherapy are effective [32, 33]. Cognitive behavioral therapy,
which includes a range of methods geared toward changing
disruptive and maladaptive thinking habits, is consistently
shown to help reduce anxiety, improve restorative sleep, and
improve self-management and behavioral self-regulation
[11, 12, 29-31]. Gold standard methods used by the military
to treat co-occurring TBI and post-traumatic stress disorder
are prolonged exposure and cognitive reprocessing [19, 21].
Prolonged exposure provides therapist-supported, repeated
situational and imagined exposure to aspects of the trauma
incident [34]. Cognitive processing therapy is a manualized
cognitive behavioral therapy that includes education about
emotional and thought responses to trauma, cognitive
restructuring, and writing of trauma narratives [35]. These 2
methods are currently being tested in a large, multisite comparative effectiveness trial [21].

Cognitive Deficits
Multiple evidence-based cognitive rehabilitation intervention protocols are now available to clinicians for improving the declines in memory, attention, and executive
function that are typical after TBI [10-12]. Examples of cognitive rehabilitation methods for improving memory include
training and supported practice of a range of compensatory
strategies that can be helpful when used together to address
specific problems [11]. Both low-tech (paper) and high-tech
methods (computers, cell phones) have been shown to be
effective for improving memory [36]. Pagers, personal data
assistants, computers, smart phones, and accompanying
applications are all highly effective memory prostheses for
the person with TBI, and these devices can be individually
tailored to his or her needs [37]. While the steps to use these
devices must be carefully trained and practiced, a memory
log with a calendar, schedule, and important telephone numbers or e-mail addresses can be an effective, low-tech, lowcost intervention [36].

Attention
There are a variety of interventions for improving visual
and general attention [36]. Improving attention is important given its role in memory on a day-to-day basis [36,
38, 39]. Evidence-based methods for increasing attention
include the Lighthouse Strategy, which is a 3-session mental
imagery and cognitive rehabilitation strategy for improving
hemispatial inattention and neglect [38]. Neglect of left or
right visual fields is a notoriously poor prognostic sign after
brain injury [38]. Higher-functioning individuals with mild
TBI can significantly improve their concentration for work
and independent living skills through trained use of metacognitive self-instruction strategies [40].
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Problem Solving
Several methods, some provided in a standardized manualized format, have been shown to improve problem solving
[24, 41, 42]. Protocol components include training, practice,
and rehearsal of situational analysis; generation of multiple
options; emotional control; decision-making strategies; and
evaluation of outcomes [24, 41, 42]. Many clinicians have
successfully employed group therapy models during implementation [24, 41, 42]. Caregiver training in problem solving, which can be implemented in person or online, has also
shown promise for improving caregiver confidence and competence and for reducing caregiver anxiety [24, 32].

Pharmacological Approaches to Behavioral and Medical
Complications of TBI
While evidence has disproved the utility of intravenous
steroids or long-term seizure prophylaxis after TBI, hypothermia treatments are being investigated for potential
morbidity benefits [12, 26, 43]. In addition, various medications can be effective for addressing certain aspects of TBI.
Dopamine, serotonin, and acetylcholine augmentation (with
agents such as amantadine, methylphenidate, sertraline,
and donepezil) have improved post-TBI hypoarousal and
inattention [43]. Amantadine has been shown to accelerate the pace of functional recovery during active treatment
in patients with post-traumatic disorders of consciousness
[44]. Data on methylphenidate shows improvement in
attention and memory impairments; similarly, cholinesterase inhibitors have shown improvement in memory impairments, but with worsening of behavioral issues [45].
Post-TBI complications—including deep venous thrombosis, heterotopic ossification, spasticity, dysautonomia,
hydrocephalus, depression, and post-traumatic stress disorder—are readily identified [12, 26, 43]. Pituitary dysfunction, specifically of the anterior pituitary, exists in 25–40%
of moderate and severe TBI survivors due to incompletely
understood mechanisms [46]. In severe injuries, signs and
symptoms of sympathetic storming can include hypertension, tachycardia, tachypnea, pupillary dilatation, diaphoresis, hyperthermia, posturing, and dystonia [47]. Data
supports the use of intrathecal baclofen for spasticity and
beta-blockers for central storming [26]. In addition to using
evidence-based cognitive behavioral therapy approaches
[31], agitation and delirium are successfully managed with
new generation antipsychotics such as quetiapine fumarate
and antiseizure medications like valproate and carbamazepine [43]. Trazodone for sleep onset and modafinil for
reducing daytime sleepiness are effective for addressing
sleep-wake cycle issues [43]. However, there is no specific
medication that addresses all post-TBI challenges [12].

Ongoing Needs and Future Promise
While the aforementioned range of evidence-based therapies is encouraging, there is still much work to do. Given the
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heterogeneity of this patient population, researchers need
to identify which treatments work best for which patients.
Use of telephone- and Internet-based therapies is bringing
needed evidence-based therapies to more consumers with
TBI. However, there is ongoing need for reducing other barriers to treatment, such as cost, and for improving access for
even more consumers, especially for rural populations and
veterans.
The study of diagnostic biomarkers of TBI, while still in
its infancy, has potential for improving the accuracy of TBI
diagnosis and more timely provision of treatment services
to affected individuals [48-50]. Several proteins synthesized in astroglial cells or neurons—such as the BB isozyme

of creatine kinase, glial fibrilary acidic protein, myelin basic
protein, neuron-specific enolase, and S100B—are being
investigated as diagnostic and prognostic biomarkers for
patients with moderate to severe TBI [48-50]. In addition,
positive findings of studies of hormonal neuroprotection,
which is thought to have been demonstrated in animal
research, have been inconsistent in human research [51].
Current studies on measures of injury severity suggest that
the duration of post-traumatic amnesia may be the most
meaningful predictor of a patient’s functional level at discharge [52].
All these newer areas of research are improving our
understanding of the effects of sex and other variables on
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outcomes. We are continuing to study post-TBI psychosocial and vocational outcomes and the variables that predict
more positive trajectories of recovery, including pre-injury
substance use disorders, caregiver burden and stress, and
factors that affect quality of life. Despite the significant
work ahead, TBI clinicians and researchers are highly motivated and aspire to establish clinical pathways that will lead
toward greater improvements in post-injury functional and
neurobehavioral outcomes for individuals with TBI.
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