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Introduction

A TBl is an injury that disrupts the normal function of the
brain. It can be caused by a bump, blow, or jolt to the head
or a penetrating head injury (Marr and Coronado, 2004).
Explosive blasts can also cause TBI, particularly among
those who serve in the U.S. military. In 2010, the Centers
for Disease Control and Prevention (CDC) estimated that
TBIs accounted for approximately 2.5 million emergency
department (ED) visits, hospitalizations, and deaths in the
United States, either as an isolated injury or in combination
with other injuries, Of these persons, approximately

87% (2,213,826) were treated in and released from EDs,
another 11% (283,630) were hospitalized and discharged,
and approximately 2% (52,844) died. However, these
numbers underestimate the occurrence of TBIs. They do
not account for those persons who did not receive medical
care, had outpatient or office-based visits, or those who
received care at a federal facility, such as persons serving

in the U.S. military or those seeking care at a Veterans
Affairs hospital (Faul et al., 2010). Those who serve in the
U.S. military are at significant risk for TBI as Department
of Defense data revealed that from 2000 through 2011
235,046 service members (or 4.2% of the 5,603,720 who
served in the Army, Air Force, Navy, and Marine Corps)
were diagnosed with a TBI (CDC, NIH, DoD, and VA
Leadership Panel, 2013).

Classification

The severity of TBI can be classified as mild, moderate,

or severe on the basis of clinical presentation of a patient’s
neurologic signs and symptoms. The symptoms of TBI
vary from one person to another, and although some
symptoms might resolve completely, others, especially as a
result of moderate and severe TBIs, can result in symptoms

that persist, resulting in partial or permanent disability.

The assessment of TBI-related health effects is vital for the
delivery of medical care, for discharge planning, inpatient
treatment, and rehabilitation. Some health effects of TBI
in children, such as deficits in organization and problem-
solving, might be delayed, and not surface until later.

As a result, for both adults and children, TBI is being
recognized more as a disease process, rather than a discrete

event, because of the potential it presents for non-reversible
and chronic health effects (Masel and DeWitt, 2010).
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Public Health Impact

A TBI can adversely affect a person’s quality of life in
numerous ways, including cognitive, behavioral/emotional,
and physical effects that affect interpersonal, social and
occupational functioning. In addition to the impact of
TBI on the individual, TBI can negatively impact families,
communities, and the economy. Although data are limited,
estimates based on data from two states indicate that

3.2 million—5.3 million persons in the United States

are living with a TBI-related disability (Selassie, et al.,
2008; Thurman, Alverson, Dunn, Guerrero, and Sniezek,
1999; Zaloshnja, Miller, Langlois, and Selassie, 2008).
Additionally, adolescents and adults affected by moderate
or severe TBI who were discharged from rehabilitation
facilities were more than twice as likely to die 3.5 years after
injury compared to persons in the general population of
similar age, sex, and race (Harrison-Felix et al., 2012). Also,
among adolescents and adults who received rehabilitation
for TBI, 2 in 10 will have died at 5 years post-injury, and
nearly 4 in 10 will have declined in function from the level
of recovery attained 1-2 years after their injury (Corrigan,
et al., 2014). These findings point to the chronic health
effects of TBI that can affect a person’s health and social
environment long after acute medical treatment

and rehabilitation.

In the United States, children aged 0—4 years, adolescents
aged 15-19 years, and adults aged 75 years and older are
among the most likely to have a TBI-related emergency
department visit or to be hospitalized for a TBI (Faul et
al., 2010). Adults aged 75 years and older have the highest
rates of TBI-related hospitalizations and deaths among

all age groups. The leading causes of non-fatal TBI in the
United States are falls (35%), motor vehicle-related injuries
(17%), and strikes or blows to the head from or against an
object (17%), such as in sports injuries (Faul et al., 2010).

The leading causes of TBI-related deaths are motor vehicle
crashes, suicides, and falls (Coronado et al., 2011).




TBI Health Effects

A TBI can result in health effects that vary in intensity,
length, and clinical manifestation. These health effects

can persist and contribute to potential impairment,
functional limitation, disability, and reduced quality of

life (Riggio and Wong, 2009; Walker and Pickett, 2007).
Disturbed cognition is the hallmark symptom of TBI but
the injury also can affect behavior, emotion, and motor
function. Cognitive disturbances can lead to difficulties
with memory, attention, learning, and coordination. Other
signs and symptoms include headaches, fatigue, and sleep
disturbances. In addition, secondary neurologic disorders
such as mood disorders and post-traumatic epilepsy can
occur following TBI and disrupt health-related quality

of life (Rosenthal, Christensen, and Ross, 1998; Hart,
Brenner, Clark, Bogner, Novack, Chervoneva, Nkase-
Richardson, and Arango-Lasprilla, 2011; Lowenstein,
2009; Agrawal, Timothy, Pandit, and Manju, 2006). The
scientific literature also suggests that TBI increases the
risk for neurodegenerative disorders, such as dementia.
However, a majority of persons, particularly those with
mild TBI, will generally experience one or more of

these health effects for a short time following the injury.
Repeated TBIs, though, can have prolonged and long-term
effects. Finally, TBI can negatively affect families. Adverse
family effects can include caregiver distress, depression, and

deterioration of family functioning after a TBI (Aitken et
al., 2009; Wade, Carey, and Wolfe, 2006b).

Effectiveness of TBI Qutcome
Measures

TBI outcome measures can be broadly defined as
instruments or scales that assess physical and cognitive
ability, as well as psychological functioning, after the

injury. There can be a wide range of short- and Iong‘term
outcomes resulting from a TBI. Accurately measuring these
outcomes is critical given the important purposes for which
measurement results are used. First, outcome measurement
helps assess the status of recovery and effectiveness of
rehabilitation. Second, measurement results can be used

to monitor the progress of treatment in the clinical setting
and demonstrate treatment progress to a third-party

payer. Finally, these outcomes undergird research on the
effectiveness of TBI rehabilitation and better inform future

clinical interventions and recovery.

The TBI Outcomes Workgroup of the
Common Data Elements (CDE) Project

identified the critical outcome domains for
TBI outcomes research (Wilde et al., 2010)

as follows:

» Global Outcome
Recovery of Consciousness
Neuropsychological Impairment
Psychological Status
TBl-related Symptoms
Behavioral Function
Cognitive Activity Limitations
Physical Function
Social Role Participation
Health-Related Quality Of Life

Health-Economic Measures

YYVYVYVYVYYVYYVYYVYYVYY

Patient-Reported Outcomes

The TBI CDE Outcomes Workgroup also identified

a set of recommended measures within each outcome
domain. These recommended measures were those with
the strongest level of research support. However, these
measures require several hours to implement. One of

the current goals of the National Research Action Plan
(NRAP), a federal interagency group that is charged with
coordinating TBI research, is the development of a shorter
but comprehensive assessment tool that is sensitive across
the range of TBI severities. In addition, the authors of the
NRAP have acknowledged that the limited effectiveness
demonstrated by previously conducted intervention
studies, including those in rehabilitation, have been caused
in part by the limited number of validated assessment tools
that are sensitive enough to detect treatment effects. The
TBI CDE Outcomes Workgroup also identified several
measures within each domain that are promising and that
have the potential to surpass the currently recommended
measures. The TBI CDE Outcomes Workgroup indicated
that these measures require additional study to warrant
inclusion as a recommended tool to assess a particular

element within an outcome domain,

A separate pediatric workgroup identified additional CDEs

and associated measures for children, speciﬁcally related
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to academics, adaptive and daily living skills, family and
environment, language and communication, and social

cognition (McCauley et al., 2012).

The taxonomy developed by the TBI CDE Outcomes
Workgroup has the potential to bring greater consistency
to TBI-related outcomes that will improve the quality and

comparability of TBI research.

Finally, a multicenter study, Transforming Traumatic

Brain Injury Research and Clinical Care (TRACK-TBI),
evaluated the feasibility of implementing a wide range of
the TBI CDE:s in a single study of adults with TBIL This
study found that assessing a large number of TBI CDEs
was feasible. However, several gaps in the study were
identified, including the need for validating additional
outcome measures for TBI patients living with higher levels
of disability and the need for validating additional outcome

measures among non-English speaking patients.

Factors Influencing Qutcomes

Intervening factors that have been shown to influence
outcomes must be considered when interpreting research
examining the effectiveness of rehabilitation. Aside

from the type and severity of a TBI, and the medical
care received, recovery from TBI is influenced by factors
including individual patient characteristics, social-

environmental factors, and access to rehabilitation services.

Individual characteristics, such as age and pre-injury
functioning, can influence outcomes after TBI. The

degree to which they influence outcomes depends upon
the severity of injury. Social-environmental factors (e.g.,
socioeconomic status, social support, caregiver and family
functioning) also can influence outcomes after TBI. Finally,
access to rehabilitation services can be negatively impacted
by a lack of specialty providers, particulatly in rural areas,
as well as a lack of financial resources available to a person
with TBI. The availability and level of insurance coverage

are especially important,

Effectiveness of TBI Rehabilitation

Following hospitalization for a TBI, persons can receive
rehabilitation care and services in various settings. Post-
acute rehabilitation is provided following an inpatient
hospital stay and is typically indicated for persons whose

medical condition requires continued skilled nursing
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care, Some settings in which this level of rehabilitation is
available includes inpatient rehabilitation facilities, long-
term care hospitals, and skilled nursing facilities. Persons
who no longer require skilled nursing care are usually
discharged home and may receive rehabilitation care
provided by outpatient and community service centers.
However, the type of rehabilitation care or setting selected
is also based on a person’s level of functional recovery,
independence, geographic availability, and financial

resources—including insurance coverage.

For persons Iiving with TBI-related health effects,
rehabilitation goals are structured to improve their
independence in activities of daily living, social functioning,
quality of life, and ability to participate in the community.
They typically focus on the recovery of motor function,
cognitive function, self-care skills, and community
participation. A person’s pre-injury functioning and
personal goals are fundamental in determining the best
rehabilitation treatment plan, as well as the eventual
outcomes. No single TBI rehabilitation program will
work for all patients; rather, the goals and methods of

rehabilitation must be individualized to each person.

TBI rehabilitation consists of therapies broadly categorized
as cognitive and physical. Cognitive rehabilitation (CR)
consists of a group of therapies used to manage deficits

in thought processes and behavior (e.g., comprehension,
perception, and learning). Physical rehabilitation focuses
on enhancing different forms of mobility by improving

physical factors such as strength and endurance, as well as

providing assistive devices that facilitate independence.




