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Preface

Traumatic brain injury (TBI) is a too common and disabling occurrence in civilian and military life,
estimated to annually affect 10 million people worldwide. The Institute of Medicine (IOM) has a long-
standing role of providing guidance to the Department of Defense (DoD) on the health and well-being of
services members and their families. At the request of the DoD, the current study represents a
concentrated endeavor by the Committee on Cognitive Rehabilitation Therapy for Traumatic Brain Injury
to comprehensively evaluate the value of cognitive rehabilitation therapy (CRT) as a therapeutic
intervention for traumatic brain injury.

The United States military is currently engaged in ongoing operations in Afghanistan (Operation
Enduring Freedom) and Iraq (Operation Iraqi Freedom). Conflicts in these war zones have been
characterized by more explosive weaponry and other aggressive tactics, placing members of the military
at greater risk for TBI, the “signature wound” of these wars. Recovering and returning service members
with TBI may face long-term challenges in rehabilitation and reintegration to everyday life. These
challenges to injured individuals also affect their families and communities. Survivors of TBI require
ongoing support systems to care for and cope with physical injuries cognitive impairment and coexisting
disabilities such as post-traumatic stress disorders. An effective and reliable health care infrastructure and
evidence-based treatment and rehabilitation policies must be in place to achieve effective recovery and a
return to optimal functioning and productivity. The public increasingly is confronted with and better
recognizes the often enduring and serious consequences of TBI and the need for providing the most
effective treatments for those who serve our country in harm’s way.

The committee sought to provide a scientific framework to evaluate current research and practices
related to CRT. To evaluate the value of CRT for TBI, the committee iteratively developed criteria for
inclusion of published scientific reports and reviewed and analyzed some 88 studies to inform our
findings on specific domains such as attention, executive function, language and social communication,
and memory, as well as multimodal or comprehensive CRT programs.

We are honored to have been of service in providing DoD with a comprehensive evidence-based
review of CRT for TBI. This was a timely review, both in terms of the relevance of the topic and
relatively brief time allocated to complete the review and our report. I am deeply appreciative of the
expert work of our dedicated committee members and their extraordinary commitment and contributions
to the task at hand. Over a course of about six months, we convened six in-person committee meetings,
two open meetings including scientific presentations, and an abundance of teleconferences and email
exchanges. We trust that this report assists not only the DoD in its efforts to care for recovering and
returning service members, but also informs the broader research community about to the value of
cognitive rehabilitation therapy for TBI sustained in both military and civilian settings.

The committee extends its appreciation to the many people who presented information at its open
meeting and to our dedicated IOM staff: Rebecca Koehler, Erin Wilhelm, Alicia Jaramillo-Underwood,
and Jon Sanders. We also thank Mary Ferraro and Andy Packel at the Moss Rehabilitation Institute
(Philadelphia), who expertly abstracted information from reviewed research reports. We also thank
consultants to the committee, Jennifer Vasterling and Barbara Vickrey, for their contributions in the
development of several chapters of the report. A special appreciation is due to the patients, their families,
and clinicians who strive together to combat and recover from the disabling and often devastating
consequences of TBI.

Ira Shoulson, M.D., Chair
Committee on Cognitive Rehabilitation Therapy for Traumatic Brain Injury
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Summary

Traumatic brain injury (TBI) affects an estimated 10 million people worldwide and causes
significant physical, emotional, and cognitive disabilities among those affected (WHO 2011;
CDC 2010). Conflicts in Iraq (Operation Iraqi Freedom [OIF]) and Afghanistan (Operation En-
during Freedom [OEF]) have put members of the U.S. military at high risk for TBI, largely due
to repeated and prolonged deployments, increasing injuries to the head and neck, and attacks
with improvised explosive devices (IEDs), which may cause blast-induced neurotrauma (BINT)
(Warden 2006; Terrio et al. 2009). More individuals live with the consequences of these injuries
due to advances in life-saving measures such protective equipment, emergency care and medical
evacuation systems, and treatment and care of TBI (Martin et al. 2008). Individuals with TBI of-
ten require some form of treatment for their condition. One form of treatment for the cognitive
and behavioral deficits associated with TBI is cognitive rehabilitation therapy (CRT), a systemat-
ic, goal-oriented approach to overcoming cognitive impairments. Recognizing that TBI is the
signature war wound of OIF/OEF conflicts, the U.S. Department of Defense (DoD) saw the im-
portance of ensuring adequate treatment for personnel who have sustained service-related TBI.
Therefore, DoD asked the Institute of Medicine (IOM) to evaluate CRT for TBI to guide its use
and coverage in the Military Health System (MHS).

SCOPE AND STRUCTURE OF THE REPORT

To complete its task (see Box S-1 for the Statement of Task), the IOM formed an ad hoc
committee of experts from a range of disciplines including neurology, psychology, psychiatry,
rehabilitation medicine, neuropsychology, neuropharmacology, nursing, speech-language pa-
thology, epidemiology and neurocognitive study design, and disability and long-term care. The
committee developed a strategy for reviewing the evidence, including a comprehensive review of
the literature on CRT for TBI. After reviewing the statement of task and meeting with a repre-
sentative from the Department of Defense to clarify intent, the committee interpreted its charge
as assessing the state of the evidence. The committee acknowledges the goal of evidence assess-
ments is to inform policy, upon which clinical practice guidelines are developed. Those at the
Department of Defense are the only ones in position to make policy judgments for the Military
Health System. After extensive deliberation, the committee determined it was beyond its charge
to interpret its assessment of the evidence with respect to policy recommendations or clinical
practice guidelines.

In addition to reviewing the literature, the committee heard from experts in the fields of cog-
nitive rehabilitation research and practice, investigators of major research studies of traumatic
brain injury in military and civilian settings, and advocates for the role of families and communi-
ties in providing ongoing support to injured members of the military and veterans. The commit-
tee also received statements from stakeholders from various organizations and members of the
public. Over the course of the study, the committee met six times, engaged the public through
two workshops, and participated in a number of ongoing activities organized by working groups.
The committee did not complete an independent assessment of the treatment of TBI by cognitive
rehabilitation within the MHS (Subtask 5). This exclusion was due to constrained resources, in-
cluding a lack of access to available data and time limitations.

S-1
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S-2 COGNITIVE REHABILITATION THERAPY FOR TRAUMATIC BRAIN INJURY

BOX S-1
Statement of Task

A consensus committee shall design and perform a methodology to review, synthesize, and
assess the salient literature and determine if there exists sufficient evidence for effective
treatment using cognitive rehabilitation therapy (CRT) for three categories of traumatic brain
injury (TBI) severity—mild, moderate and severe—and will also consider the evidence across
three phases of recovery—acute, subacute, and chronic. In assessing CRT treatment effica-
cy, the committee will consider comparison groups such as no treatment, sham treatment, or
other non-pharmacological treatment. The committee will determine the effects of specific
CRT treatment on improving (1) attention,( 2) language and communication, (3) memory, (4)
visuospatial perception, and (5) executive function (e.g., problem solving and awareness).
The committee will also evaluate the use of multi-modal CRT in improving cognitive function
as well as the available scientific evidence on the safety and efficacy of CRT when applied
using telehealth technology devices. The committee will further evaluate evidence relating
CRT's effectiveness on the family and family training. The goal of this evaluation is to identify
specific CRT interventions with sufficient evidence-base to support their widespread use in
the MHS, including coverage through the TRICARE benefit.

The committee shall gather and analyze data and information that addresses:

1. A comprehensive literature review of studies conducted; including but not limited to stu-
dies conducted on MHS or VA wounded warriors;

2. An assessment of current evidence supporting the effectiveness of specific CRT inter-
ventions in specific deficits associated with moderate and severe TBI;

3. An assessment of current evidence supporting the effectiveness of specific CRT inter-
ventions in specific deficits associated with mild TBI;

4. An assessment of (1) the state of practice of CRT and (2) whether requirements for train-
ing, education and experience for providers outside the MHS direct-care system to deliv-
er the identified evidence-based interventions are sufficient to ensure reasonable, consis-
tent quality of care across the United States; and

5. An independent assessment of the treatment of traumatic brain injury by cognitive reha-
bilitation therapy within the MHS if time or resources permit.

TRAUMATIC BRAIN INJURY

In broad terms, a TBI is an injury to the head or brain caused by externally inflicted trauma.
DoD defines TBI as a “traumatically induced structural injury and/or physiological disruption of
brain functions as a result of an external force.” TBI may be caused by a bump, blow, or jolt to
the head, by acceleration or deceleration forces without impact, or by penetration to the head that
disrupts the normal function of the brain (CDC 2011b; Katz 1997; VA/DoD 2009a). The events
that lead to TBI vary by population. Among civilians, motor vehicle accidents are the leading
cause of TBI-related deaths; among young children and older adults, falls are a major cause of
TBI (CDC 2010); and among soldiers and veterans, the most common source of TBI is a blast
(i.e., BINT), followed by falls, motor vehicle accidents, and lastly, assault (DVBIC 2009). Chap-
ter 2 provides a more complete description of TBI, including mechanisms of injury and classifi-
cation schemes, which may aid in short- and long-term prognosis.

Across time, incidence of TBI has risen among the military population as an all-volunteer
force has been engaged in the longest war (OEF) in U.S. history, and service members are ex-
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posed to longer and more frequent deployments. While in-theater, service members are increa-
singly attacked by more explosive weaponry. Approximately 22 percent of wounded soldiers
from OEF/OIF theaters experienced wounds to the head, face, or neck (Okie 2005). From 2000
to 2010, the number of military service members diagnosed with TBI has nearly tripled (DVBIC
2011). Mild TBI, also called concussion, often goes underreported since period of unconscious-
ness may be negligible and medical attention may not be sought. Therefore the actual annual in-
cidence of TBI is thought to be higher than currently estimated.

TBI is a major public health concern for civilians as well as members of the military. Each
year, an estimated 1.7 million individuals in the United States sustain a TBI (CDC 2010). Of
those, approximately 52,000 individuals die each year from their injuries. According to the U.S.
Centers for Disease Control and Prevention (CDC), each year an estimated 124,626 people with
TBI experience long-term impairment or disability from their injury (CDC 2011a).

TBI Classification Schemes

Head injuries have historically been classified using various clinical indexes that include pa-
thoanatomical features, severity of injury, or the physical mechanisms of the injury (i.e., causa-
tive forces). Different classification systems may be used for clinical research, clinical care and
management, or prevention. The classification systems most relevant to rehabilitation deal with
severity as it relates to pace of recovery or expected degree of impairment. These include the
Glasgow Coma Scale (GCS), posttraumatic amnesia (PTA), and others. Chapter 2 includes de-
scriptions of these scales. One classification system is severity of the injury. TBI severity is gen-
erally graded in degree, from mild to moderate or severe. Severity can be graded in multiple
ways, and each measure has different predictive utility, including determining mortality, morbid-
ity, or long-term or functional outcomes. Determining severity is often based on the acute effects
of the injury such as the individual’s level of arousal or duration of amnesia; these are measured
by GCS, duration of unconsciousness, and PTA. It is important to note that severity of injury
does not always correspond with severity of one or more impairments.

The majority of TBIs are mild, consisting of a brief change in mental status or unconscious-
ness. Mild TBI is also referred to as a concussion. While most people fully recover from mild
TBI, individuals may experience both short- and long-term effects. Moderate to severe TBIs are
characterized by extended periods of unconsciousness or amnesia, among other effects. The dis-
tinction between moderate and severe injuries is not always clear; as such, individuals with mod-
erate and severe injuries are often grouped for research purposes. Throughout the remainder of
this report, the committee refers to more severe injuries as moderate-severe TBI. The more se-
vere the injury, the more severe and persistent the cognitive deficits—though clinical measure-
ments do not always concur. Severity measures graded during the acute phase sometimes reflect
variance due to medications used during resuscitation, substance use, and communication issues.
However, the relationship between clinical severity measures (e.g., GCS, LOC, and PTA) and
various types of outcome measures (e.g., neuropsychological or functional disability) has been
well-established (Cifu et al. 1997; Dikmen et al. 2003; Sherer et al. 2002; Temkin et al. 2003).
The utility of these measures depends on how long after the injury a patient is evaluated. Meas-
ures obtained later in time are generally better predictors of long-term outcomes; specifically,
duration of PTA is more predictive than duration of LOC, which is more predictive than GCS at
the time of injury (Katz and Alexander 1994).
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Consequences of TBI

The consequences of TBI include short- and long-term effects which likely impact the indi-
vidual’s family or primary caregiver. These may include disruptions to everyday life and work,
changes in family and social functioning, and potentially burdensome financial costs. Recovering
from TBI, therefore, may be a slow, long, and painful process for individuals and their families,
requiring unique and specific medical, vocational, and rehabilitative therapy (Sayer et al. 2008).

The biological and structural impairments caused by TBI are far reaching and include physi-
cal, emotional, and cognitive impairments (Cernak and Noble-Haeusslein 2010). Cognitive im-
pairments resulting from TBI can affect multiple domains, including attention, language and
communication, memory, visuospatial, and executive function.' Cognitive impairments may lim-
it daily activities (Temkin et al. 2009; Wise et al. 2010) and restrict participation in their com-
munity (Hoffman et al. 2007), employment, recreation, and social relationships (Temkin et al.
2009). The extent of disability from cognitive impairment is shaped by personal factors, such as
age and cognitive reserve, (Green et al. 2008) and environmental factors, such as family support
(Sady et al. 2010). Chapter 3 provides a more in-depth description of the factors that may affect
recovery and outcome.

TREATMENT

Determining the appropriate method and timing of treatment for an individual with TBI de-
pends on a number of factors, including severity of injury, stage in recovery, and premorbid,
comorbid, and environmental conditions, unique to every individual. The focus of treatment
changes as a patient progresses from the acute, immediate phase after injury to more chronic,
long-term stages of recovery. In the acute phase, treatment may primarily focus on increasing the
patient’s chances of survival while reducing the long-term impact of the sustained injury or inju-
ries (Meyer et al., 2010). Though effects of TBI often coincide shortly after injury, long-lasting
effects of TBI do not always appear immediately after injury; likewise, the acute-stage impair-
ments may recover with or without treatment and rehabilitation (Lovell et al. 2003). (Also known
as spontaneous recovery, this type of recovery can occur at any time and is difficult to predict or
control for in research.) In the chronic stage of recovery, the goals of rehabilitation are functional
recovery of long-lasting physical, cognitive, and emotional impairments.

Cognitive Rehabilitation Therapy

CRT is a collection of treatments, generally tailored to an individual depending on the pattern
of the impairments and activity limitations, related disorders (e.g., preexisting conditions or
comorbidities), and the presence of a family or social support system. The modern practice of
CRT began in the late 1970s, and evolved as a means to treat patients with acquired brain inju-
ries, including those due to stroke, infection, multiple sclerosis or traumatic injury. A more com-
plete description and the state of practice and providers of CRT are discussed in Chapters 4 and
5, respectively.

Some forms of CRT are directed toward impairments in specific cognitive processes such as
attention or memory. Within these focused treatments, there are two roughly distinguished ap-
proaches: (1) restorative approaches that seek to enhance the overall operation of a cognitive sys-
tem with the goal of improving performance of a wide range of activities that depend on that sys-

' The term “executive function” represents a set of integrated cognitive processes necessary to perform or accomplish everyday life
activities. Chapter 8 provides a detailed description of these cognitive processes.
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tem, and (2) compensatory approaches that seek to provide internal mental strategies (e.g., mne-
monics) or external devices or aides (e.g., memory notebooks) to support activity performance
despite the presence of a cognitive impairment. In addition, a number of different treatment
components may be combined into a comprehensive CRT treatment program, often referred to as
comprehensive, holistic, or multi-modal CRT. Such approaches are more likely to be used for
patients with multiple cognitive or behavioral impairments and may include a combination of
focused approaches as above, coupled with psychotherapy, pharmacotherapy, behavior modifica-
tion, occupational therapy, vocational rehabilitation, and other therapies (e.g., nutrition, art or
music therapy, acupuncture).

CRT is offered in a wide range of settings, including rehabilitation hospitals, community-care
centers, and individuals’ homes and work places. Due to the range of services offered, CRT pro-
viders also vary widely. They represent a number of fields and professions including rehabilita-
tion medicine, nursing, physical therapy, speech-language pathology, occupational therapy, psy-
chology, psychiatry, neuropharmacology, neuropsychology, and vocational rehabilitation.
Moreover, members of these disciplines may deliver services indistinguishable from CRT under
the disciplinary headings of “physical therapy,” “occupational therapy,” or “counseling,” such
that the correspondence between treatment /abel and contents is imprecise. While there has been
some movement to standardize CRT, wide variations between the expectations of practitioners
within different professions still exist, reflecting the fact that the respective accreditation organi-
zations for these professions separately determine the educational and licensing requirements for
these practitioners.

EVALUATION OF THE EVIDENCE

The IOM committee iteratively developed a protocol to address the following questions:

e Do cognitive rehabilitation interventions improve function and reduce cognitive defi-
cits in adults with mild, or moderate to severe TBI?

e Are any cognitive rehabilitation interventions associated with risk for adverse events
or harm?

o Are cognitive rehabilitation interventions delivered through telehealth technology
proven safe and efficacious?

Methods

The committee reviewed published systematic reviews (Cicerone et al. 2000, 2005, 2011;
ECRI 2009; Kennedy et al. 2008) and worked with a research librarian to develop search strate-
gies to identify pertinent evidence. The strategies included searches in the following electronic
bibliographic databases: Medline, EMBase, PsycInfo, ERIC, and Cochrane (e.g., Cochrane DB
of Systematic Reviews, Database of Reviews of Effects (DARE) and Cochrane Central Register
of Controlled Trials). Strategy parameters included limiting the search to human subjects, the
English language, and results published between January 1991 and April 2011. The time period
was chosen to include articles prior to Operation Desert Storm, which began in 1991. Setting
time parameters allowed for the evaluation of the most recent research of relevance, acknowledg-
ing that more recent studies build on the evidence base created by older literature. The committee
also culled references from previously published systematic reviews (Cicerone et al. 2000, 2005,
2011; ECRI 2009; Kennedy et al. 2008) to identify studies meeting selection criteria including
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any such studies published prior to 1991. Per its charge, the committee considered CRT for TBI
across all severities (mild and moderate-severe) and across all stages of recovery (acute, sub-
acute, and chronic). The searches limited the scope of terms to traumatic brain injury, and did not
consider other forms of acquired brain injury, such as those due to stroke, ischemia, infection, or
malignancy. Similarly, the committee did not review literature on the effects of CRT for non-TBI
cognitive disorders or injuries, such as schizophrenia, dementia, or learning disabilities. Chapter
6 provides a complete description of the committee’s methods for selecting relevant evidence.

The committee categorized CRT interventions as either (1) modular strategies aimed at atten-
tion, language and communication, memory, visuospatial deficits, or executive function, or (2)
multi-modal/comprehensive strategies. The intent of the therapy was categorized as restorative or
compensatory and the goals and setting of therapy as decontextualized or contextualized. Com-
pensatory strategies that targeted brain function but either did or did not involve changes to the
environment were categorized as external or internal, respectively. These categorizations pro-
vided useful ways to dissect the literature and analyze findings across studies.

FINDINGS

The committee identified 90 studies that met selection criteria. These studies signal there is
benefit from some forms of CRT for TBI. However, the evidence for the therapeutic value of
CRT is variable across domains and is currently insufficient overall to provide definitive guid-
ance for the development of clinical best practice, particularly with respect to selecting the most
effective treatment(s) for a particular patient.

The committee found the insufficiency of the evidence was due to a number of identified li-
mitations in the research designs, commonly seen among studies evaluating rehabilitation strate-
gies. , including the heterogeneity and lack of operational definitions of different forms of CRT;
small sample sizes; the variety of premorbid conditions, comorbidities, and environmental fac-
tors that may moderate the value of a given form of CRT across patients; and the range of out-
comes that may be targeted. Some of the studies did not identify injury severity or recovery
phase for included participants, or there was a lack of uniformity across studies in defining these
criteria. Another limitation is that objective measures sensitive to the cognitive complaints of pa-
tients with mild TBI are lacking in many instances and the use of subjective self-report measures
as an alternative is problematic when studying treatments that cannot be blinded. Also, studies of
subacute treatments require relatively large samples because the ability to gauge the impact of a
treatment regimen in individual patients is diminished in the context of rapid and variable natural
recovery. Thus, in practice clinicians may defer substantial resource investment in CRT to later
stages of TBI when it becomes clear which problems and impairments will persist long term.

The committee focused on studies that used one or several forms of CRT to ameliorate the
effects of TBI, and evaluated the outcomes of these studies to determine the short-term, long-
term, or patient-centered (i.e., real-world functioning) outcomes, when reported, of the therapies.
To determine efficacy, the committee relied on studies that compared the primary CRT treatment
to either no treatment or a non-CRT treatment. To determine effectiveness, the committee eva-
luated studies comparing CRT treatment to another form of CRT. In other words, varying com-
parators were not considered more or less useful, only that they answer different questions about
the value of CRT for TBI.

In an interactive and collaborative process, the committee graded the overall body of evi-
dence for each CRT category (by domain, TBI severity, and recovery phase [for example, CRT
interventions for attention deficits in moderate-severe TBI patients in the chronic phase of recov-
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ery]). To draw conclusions about treatment efficacy or effectiveness, the committee qualitatively
assessed the strength of individual studies, as well as the consistency of treatment effect among
studies. The strength of each study was based on an iterative quality assessment, considering
study design, size of the sample, reported characteristics of the sample (e.g., injury severity) and
treatment (e.g., dosage, frequency, and timing), control for potentially confounding factors, mag-
nitude of the treatment effect, statistical significance of the findings, and the length of follow-up.
The committee gave more weight to controlled designs than uncontrolled (e.g., results of RCTs
were given more weight than results from pre-post single group designs). Conclusions were not
based solely on findings from uncontrolled studies, however the committee included pre-post
single group designs and single subject, multiple baseline experiments in the review because un-
controlled studies may include useful information about nascent interventions or lend support to
a controlled design with similar results. Where evidence was informative, the committee specifi-
cally identifies the treatment mode and cites the one or more studies that led to its conclusion.
Box S-2 provides the description of evidence grades used to judge the sufficiency of the evi-
dence. It is important to note that evidence ruled “limited” does not mean the intervention was
inadequate; it may simply mean a better-designed or executed study is necessary to show mea-
ningful short- or long-term treatment effect. In reviewing the evidence regarding the efficacy and
effectiveness of CRT, the committee found no studies addressing cognitive deficits in the acute
phase of recovery following TBI, few studies addressing cognitive treatment for individuals with
mild injuries—of those, only in the chronic phase—and few studies addressing treatment of
those with moderate to severe injuries in the subacute phase. The committee did not identify any
relevant literature for treatment of visuospatial perception deficits, which are more common after
stroke than TBI. Table S-1 summarizes the committee’s conclusions for CRT; reflected in Chap-
ters 7 through 11 in narrative form following detailed descriptions of individual studies.

BOX S-2
Evidence Grades

e None or not informative (0): No evidence because the intervention has not been studied
or uninformative evidence because of null results from flawed or otherwise limited stu-

dies.

o Limited (+): Interpretable result from a single study or mixed results from two or more
studies.

e Modest (++): Two or more studies reporting interpretable, informative, and largely similar
result(s).

e Strong (+++): Reproducible, consistent, and decisive findings from two or more indepen-
dent studies characterized by the following (1) Replication, reflected by the number of
studies in the same direction (at least two studies); (2) Statistical power and scope of
studies (N size of the study and single or multi-site); and (3) Quality of the study design to
measure appropriate endpoints (to evaluate efficacy and safety) and minimize bias and
confounding.
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In its conclusions, the committee separated evidence grades by cognitive domain and multi-
modal/comprehensive CRT, further subdividing by reported injury severity, recovery phase, and
the treatment approach (i.e., restorative or compensatory). Evidence grades were based on the
breadth of literature assessed for each cognitive domain and multimodal/comprehensive CRT;
the table above does not reflect the grades for individual studies.

Telehealth Technology

The committee found that a small evidence base demonstrates that telehealth technologies,
including the telephone and two-way messaging, are feasible means of providing at least part of
CRT for some patients. No studies evaluated the use of telemedicine, defined by the Centers for
Medicare & Medicaid Services as two-way audio and video interactive communication. Overall
evidence is insufficient to clearly establish whether telehealth technology delivery modes are
more or less effective or more or less safe than other means of delivering cognitive rehabilitation.
However, when combined as part of a broader CRT program, telehealth technologies, including
telephone calls, can contribute to outpatient treatment programs with comparable results to inpa-
tient programs for selected individuals. Chapter 12 provides details on relevant studies and the
committee’s assessments leading to these conclusions.

Adverse Events or Harm

The committee found that evidence indicating any potential adverse event and risk for harm
associated with CRT is scant. Although the limited available evidence suggests no great concern
regarding risk for harm, future studies that evaluate cognitive rehabilitation should include and
report measures that assess such risks. Chapter 13 provides details on relevant studies and the
committee’s assessments leading to these conclusions.

RECOMMENDATIONS

Considering the dearth of conclusive evidence identified to date, the committee recommends
an investment in research to further develop CRT. As reflected in Table S-2, the evidence pro-
vides limited, and in some cases modest, support for the efficacy of CRT interventions. Howev-
er, the limitations of the evidence do not rule out meaningful benefit. The committee defined /i-
mited evidence “Interpretable results from a single study or mixed results from two or more
studies” and modest evidence as “Two or more studies reporting interpretable, informative, and
largely similar results” (see Box 6-2 for all evidence grades and definitions). The committee
emphasizes that conclusions based on the limited evidence regarding the effectiveness of
CRT does not indicate that the effectiveness of CRT treatments are “limited;” these the li-
mitations of the evidence do not rule out meaningful benefit. In fact, the committee supports
the ongoing clinical application of CRT interventions for individuals with cognitive and beha-
vioral deficits due to TBI. One way policy could reflect the provision of CRT is to facilitate the
application of best-supported techniques in TBI patients in the chronic phase (where natural re-
covery is less of a confound), with the proviso that objectively measurable functional goals are
articulated and tracked and that treatment continues only so long as gains are noted.

To acquire more specific, meaningful results from future research the committee has laid out
a comprehensive research agenda to overcome challenges in determining efficacy and effective-
ness. These recommendations are therefore possible because the evidence review signals some

S-9
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promise. However, to improve future evaluations of efficacy and effectiveness of CRT for TBI,
larger sample sizes and volume of data are required, particularly to answer questions about
which patients benefit most from which treatment(s). This requires more extensive funding of
experimental trials and a commitment to mining clinical practice data in the most rigorous way
possible. For such approaches to be most informative, the variables that characterize patient hete-
rogeneity, the outcomes that are used to measure impact of treatment, and the treatments them-
selves need to be defined and standardized. In addition, more rigorous review of potential harm
or adverse events related to specific CRT treatments is necessary.

Nascent efforts at standardization are underway across multiple civilian and military funding
agencies. These efforts should take place in collaboration. The National Institutes of Health
(NIH) common data element (CDE) initiative, a National Institute on Disability and Rehabilita-
tion Research (NIDRR)-supported center on treatment definition, and several practice-based evi-
dence studies are helping to better characterize TBI patients, treatments, and relevant outcomes.
Practice-based evidence studies include the Congressionally Mandated Longitudinal Study on
TBI, DVBIC Study on Cognitive Rehabilitation Effectiveness for Mild TBI (SCORE!), Millen-
nium, and TBI Model Systems. These cohorts involve collaborative efforts between DoD and the
VA via the Defense and Veterans Brain Injury Center (DVBIC). The committee recognizes the
ongoing emphasis from both government agencies to enhance collaboration for TBI and psycho-
logical health of service members and veterans through the VA/DoD Joint Executive Council
Strategic Plan to integrate healthcare services (VA/DoD 2009b). This collaboration is especially
important in evaluating and maintaining transitions in care and long-term treatment for injured
soldiers as they move out of the MHS and into the VA’s health care system, the Veterans Health
System.

Because CRT is not a single therapy, questions of efficacy and effectiveness need to be ans-
wered for each cognitive domain and by treatment approach. Nevertheless, within a specific
cognitive domain (Galbiati et al. 2009), there must be sufficient research and replication for con-
clusions to be drawn. Standard definitions for intervention type, content, and key ingredients will
be critical to developing evidence-based practice standards. The documentation of interventions
in practice and more frequent use of manual-based interventions in research will help validate
measures of treatment fidelity. For example, while there is evidence from controlled trials that
internal memory strategies are useful for improving recall on decontextulized, standard tests of
memory, there is limited evidence that these benefits translate into meaningful changes in pa-
tients’ everyday memory either for specific tasks/activities or for avoiding memory failures.
Therefore, an increased emphasis on functional patient-centered outcomes would allow for a
more meaningful translation from cognitive domain to patient functioning.

The committee recommends DoD undertake the following:

Recommendation 14-1: The DoD should work with other rehabilitation research and
funding organizations to:

1. Identify and select uniform data elements characterizing TBI patients includ-
ing cognitive impairments (to supplement measures of injury severity) and key
premorbid conditions, comorbidities, and environmental factors that may in-
fluence recovery and treatment response;

2. Identify and select uniform TBI outcome measures, including standard meas-
ures of cognitive and global/functional outcomes; and
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3. Create a plan of action to:

a. Identify currently feasible methods of measuring the delivery of CRT
interventions;

b. Advance the development of a taxonomy for CRT interventions that
can be used for this purpose in the future; and

c. Advance the operationalization of promising CRT approaches in the
form of treatment manuals and associated adherence measures.

Recommendation 14-2: The DoD should convene a conference to achieve consensus
among a multiagency (e.g., VA, NIH, and NIDRR), multidisciplinary team of clini-
cians and researchers to finalize the selection of patient characteristic and outcome
variables to be included in experimental and observational CRT research, and to plan
a strategy to advance the common definition and operationalization of CRT interven-
tions.

Recommendation 14-3: The DoD should incorporate the selected measures of patient
characteristics, outcomes, and defined CRT interventions into ongoing studies (e.g.,
DVBIC: SCORE!, Millennium, TBI Model System) and develop a comprehensive re-
gistry encompassing the existing cohorts and de-identified MHS medical records to al-
low ongoing evaluation of CRT interventions.

Recommendation 14-4: Using these data sources, the DoD should plan to prospective-
ly evaluate the impact of any policy changes related to CRT delivery and payment
within the MHS with respect to outcomes and cost-effectiveness.

Recommendation 14-5: The DoD should collaborate with other research and funding
organizations to foster all phases of research and development of CRT treatments for
TBI, from pilot phase, to early efficacy research (safety, dose, duration and frequency
of exposure, and durability), to large-scale randomized clinical trials, and ultimately,

effectiveness and comparative effectiveness studies.

CONCLUSION

The current evidence for CRT does not point a clear path to conclusive findings regarding
CRT efficacy or effectiveness in the treatment of TBI-related deficits. The committee thoughtful-
ly considered the challenges it faced throughout the study process. The committee’s recommen-
dations aim to aid the Department of Defense in addressing a significant problem: Members of
the military (and civilians) experience high rates of TBI, and TBI often causes significant cogni-
tive, physical, or psychosocial deficits requiring rehabilitation. In light of the lack of conclusive
evidence, either because interventions or approaches are new and still being studied, or study de-
signs were flawed, the committee has identified these recommendations as a way forward for the
Military Health System.
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Chapter 1

Introduction

Traumatic brain injury (TBI) affects an estimated 10 million people worldwide and causes
significant physical, emotional, and cognitive disabilities among those affected, including sol-
diers, veterans, and civilians. Conflicts in Iraq (Operation Iraqi Freedom [OIF]) and Afghanistan
(Operation Enduring Freedom [OEF]) have put members of the U.S. military at high risk for
TBI, largely due to repeated and prolonged deployments, increasing injuries to the head and
neck, and attacks with improvised explosive devices (IEDs) (Taber et al. 2006; Terrio et al.
2009). The high rate of TBI resulting from current combat operations directly impacts the health
and safety of service members and their families and subsequently the level of troop readiness
and retention. In addition, advances in life-saving measures have increased survival from TBI,
leading to more individuals living with the consequences of these injuries. These advances in-
clude improved protective equipment, such as helmets and body armor; more responsive emer-
gency care and improved medical evacuation systems; and innovations in treatment and care of
TBI, such as better understanding of the effects of trauma and more sensitive and specific capa-
bilities in diagnosing acute injury (Martin et al. 2008). Moreover, individuals living with TBI in
military and civilian populations often require treatment for their condition. One form of treat-
ment for TBI-related deficits is cognitive rehabilitation therapy (CRT), a systematic approach to
functional recovery of cognitive or behavioral deficits and participation in related activities;
however the effectiveness of this treatment remains uncertain. Recognizing that TBI is the signa-
ture war wound of OIF/OEF and that there is a responsibility to care for individuals who serve in
the military, the Department of Defense (DoD) saw the need to ensure personnel have adequate
treatment for wounds sustained in relation to military service. Therefore, DoD asked the Institute
of Medicine (IOM) to evaluate the efficacy and effectiveness of CRT for TBI to guide its use and
coverage in the Military Health System (MHS).

SCOPE OF THE REPORT

To complete its task, the IOM formed an ad hoc committee of experts from a range of discip-
lines to conduct a 15-month study aimed at evaluating the efficacy of CRT for TBI. The Com-
mittee on Cognitive Rehabilitation Therapy for Traumatic Brain Injury (hereafter referred to as
“the committee””) comprised members with expertise in epidemiology and study design, disabili-
ty and long-term care, neurology, neuropharmacology, neuropsychology, nursing, psychiatry,
psychology, rehabilitation medicine, and speech-language pathology. To address its statement of
task (see Box 1-1), the committee developed a workplan and strategy for reviewing the evidence,
including a comprehensive review of the literature on CRT for TBI. In addition to reviewing the
literature, the committee conducted an assessment of recently completed or ongoing clinical tri-
als; invited input from experts in the fields of cognitive rehabilitation research and practice, in-
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BOX 1-1
Statement of Task

A consensus committee shall design and perform a methodology to review, synthesize, and
assess the salient literature and determine if there exists sufficient evidence for effective
treatment using cognitive rehabilitation therapy (CRT) for three categories of traumatic brain
injury (TBI) severity—mild, moderate and severe—and will also consider the evidence across
three phases of recovery—acute, subacute, and chronic. In assessing CRT treatment effica-
cy, the committee will consider comparison groups such as no treatment, sham treatment, or
other non-pharmacological treatment. The committee will determine the effects of specific
CRT treatment on improving (1) attention,( 2) language and communication, (3) memory, (4)
visuospatial perception, and (5) executive function (e.g., problem solving and awareness).
The committee will also evaluate the use of multi-modal CRT in improving cognitive function
as well as the available scientific evidence on the safety and efficacy of CRT when applied
using telehealth technology devices. The committee will further evaluate evidence relating
CRT's effectiveness on the family and family training. The goal of this evaluation is to identify
specific CRT interventions with sufficient evidence-base to support their widespread use in
the MHS, including coverage through the TRICARE benefit.

The committee shall gather and analyze data and information that addresses:

1. A comprehensive literature review of studies conducted; including but not limited to stu-
dies conducted on MHS or VA wounded warriors;

2. An assessment of current evidence supporting the effectiveness of specific CRT inter-
ventions in specific deficits associated with moderate and severe TBI;

3. An assessment of current evidence supporting the effectiveness of specific CRT inter-
ventions in specific deficits associated with mild TBI;

4. An assessment of (1) the state of practice of CRT and (2) whether requirements for train-
ing, education and experience for providers outside the MHS direct-care system to deliv-
er the identified evidence-based interventions are sufficient to ensure reasonable, consis-
tent quality of care across the United States; and

5. An independent assessment of the treatment of traumatic brain injury by cognitive reha-
bilitation therapy within the MHS if time or resources permit.

vestigators of major research studies in both military- and civilian-related TBI, and advocates for
the role of families and communities in providing ongoing support to injured members of the
military and veterans; and received statements from stakeholders from various organizations and
members of the public.

After reviewing the Statement of Task and meeting with a representative from the Depart-
ment of Defense to clarify its intent, the committee interpreted its charge as assessing the state of
the evidence. The committee acknowledges the goal of evidence assessments is to inform policy,
upon which clinical practice guidelines are developed. Those at the Department of Defense are
the only ones in position to make policy judgments for the Military Health System. After exten-
sive deliberation, the committee determined it was beyond its charge to interpret its assessment
of the evidence with respect to policy recommendations or clinical practice guidelines.

Over the course of the study, the committee met six times, engaged the public through two
public workshops and participated in a number of ongoing activities organized by working
groups. The committee did not complete an independent assessment of the treatment of TBI by
cognitive rehabilitation within the MHS (subtask 5 of the Statement of Task). To accomplish this
subtask, the committee determined it would need a substantial amount of data and submitted re-
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levant questions as well as a request for data to the Department of Defense. The committee did
not receive answers or data in response to the specific request. Due to constrained resources, in-
cluding a lack of available data and time constraints, the committee was not able to complete the
assessment. In addition, early in the course of the study, the Department of Defense indicated

that completing this subtask was of lesser importance than other requirements in the Statement of
Task.

TRAUMATIC BRAIN INJURY

In broad terms, TBI is an injury to the head or brain caused by externally inflicted trauma.
DoD defines TBI as a “traumatically induced structural injury and/or physiological disruption of
brain function as a result of an external force” (see Box 1-2). TBI may be caused by a bump,
blow, or jolt to the head, by acceleration or deceleration without impact, or by penetration to the
head that disrupts the normal function of the brain (CDC 2010; Katz 1997; VA/DoD 2009). The
events that lead to the trauma vary by population. Among civilians, motor vehicle accidents are
the leading cause of TBI-related deaths; among young children and older adults, falls are a major
cause of TBI (CDC 2010); and among soldiers and veterans, the most common source of TBI is
a blast, followed by falls, motor vehicle accidents, and assault (DVBIC 2011).

In recent years, incidence of TBI has risen among the military population, as an all-volunteer
force has been engaged in the longest war in U.S. history (OEF) and service members are ex-
posed to longer and more frequent deployments. While in-theater, service members are

BOX 1-2
Department of Defense Definition of Traumatic Brain Injury

A traumatically induced structural injury and/or physiological disruption of brain function as a

result of an external force that is indicated by new onset or worsening of at least one of the

following clinical signs immediately following the event:

e Any period of loss of or a decreased level of consciousness

o Any loss of memory for events immediately before or after the injury (i.e., posttraumatic
amnesia [PTA])

e Any alteration in mental state at the time of the injury (confusion, disorientation, slowed
thinking, etc.)

o Neurological deficits (weakness, loss of balance, change in vision, praxis, paresis/plegia,
sensory loss, aphasia, etc.) that may or may not be transient

e Intracranial lesion

External forces may include any of the following events:
e Head being struck by an object
e Head striking an object

e Brain undergoing an acceleration/deceleration movement without direct external trauma
to the head

e Foreign body penetrating the brain
e Forces generated from events such as blast or explosion, or other force yet to be defined

SOURCE: DoD 2007.
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FIGURE 1-1 Number of U.S. Service Members with TBI, by Severity
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increasingly attacked with more explosive weaponry. In 1991, during Operation Desert Storm,
commonly referred to as the “first Gulf War,” approximately 20 percent of treated wounds were
head injuries (Carey 1996; Leedham and Blood 1992). Approximately 22 percent of wounded
soldiers from OEF/OIF theaters have experienced wounds to the head, face, or neck (Okie 2005).
From 2000 to 2010, the number of military service members diagnosed with TBI has nearly
tripled (see Figure 1-1) (DVBIC 2011).

In 2000, 10,963 cases of TBI were diagnosed. Of these, 58 percent were mild, 38 percent
were moderate, 2 percent were severe, 3 percent were penetrating, and the remainder not classi-
fiable (< 1 percent). Chapter 2 provides information about the characteristics and definitions of
mild, moderate, and severe TBI. In 2010, 30,703 TBIs were diagnosed, but a larger proportion
were mild (81 percent) compared to 2000, followed by moderate (12 percent), severe (1 percent),
penetrating (1 percent), and not classifiable (5 percent).

However, the actual annual incidence of TBI among service members is thought to be higher
than currently estimated. Mild TBI, also called concussion, often goes underreported since re-
covery of consciousness is rapid and medical attention may not be sought. In addition, due to
stigma associated with seeking medical treatment and appearing physically or psychologically
vulnerable, or the desire to stay with their unit instead of leaving for treatment or medical dis-
charge, service members who need treatment may be hesitant to report or seek care for mild TBI
or related symptoms. Perhaps for this reason, much more is known about the effects of moderate
to severe TBI than mild TBI.

TBI is a major public health concern for civilians as well as members of the military. Each
year, an estimated 1.7 million individuals in the United States sustain a TBI and either receive
care in an emergency department, are hospitalized, or die from their injuries (Faul et al. 2010).
Of those, approximately 52,000 individuals die each year from their injuries. According to the
U.S. Centers for Disease Control and Prevention (CDC), each year an estimated 124,626 people
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with TBI experience long-term impairment or disability from their injury (CDC 2011). Overall,
75 percent of all TBIs occur among men, with higher rates among men than women across age
groups. Very young children (0—4 years of age), adolescents (15-19 years of age), and older
adults (> 65 years of age) are more likely to sustain TBI than other age groups (CDC 2011).

CONSEQUENCES OF TBI

The consequences of TBI include short- and long-term effects, and often impact the individ-
ual’s family or primary caregiver as well. These effects may include disruptions to everyday life
and work, changes in family and social functioning, and potentially burdensome financial costs.
Recovering from TBI may be a slow, long, and painful process for individuals and their families,
requiring unique medical, vocational, and rehabilitative therapy (Sayer et al. 2009; VA/DoD
2009). Symptoms of mild TBI may include:

Disorientation,

Diminished arousal or alertness,

Headaches,

Dizziness,

Loss of balance,

Ringing in the ears,

Blurred vision,

Nausea or vomiting,

Irritability or other changes in behavior or mood,
Sensitivity to light or noise,

Sleep disturbances, and

Difficulty with attention/memory and other cognitive problems.

Individuals with moderate-severe TBI may show similar symptoms, but may also experience sei-
zures, an altered level of consciousness, cranial nerve abnormalities, and paralysis or loss of sen-
sation. With any severity of TBI, acute and persistent symptoms can have a profound impact on
the survivor.

Biological and structural changes caused by TBI are far reaching and may lead to physical,
emotional, and cognitive impairments (Cernak and Noble-Haeusslein 2010). Cognitive impair-
ments resulting from TBI can affect multiple domains, including attention, language and com-
munication, memory, visuospatial perception, and executive function. Cognitive impairments
may limit activities of daily living (Temkin et al. 2009; Wise et al. 2010) and restrict participa-
tion in community, employment, recreation, and social relationships (Temkin et al. 2009). The
extent of disability from cognitive impairment is shaped by many personal factors, such as age
and cognitive reserve (Green et al. 2008), and environmental factors, such as family support
(Sady et al. 2010). Chapter 3 provides a more in-depth description of the factors that may affect
recovery.

Following a disabling illness or injury such as TBI, activity and participation may be in-
creased by reducing impairments, modifying the environment, or both. These goals are part of
rehabilitation strategies, including CRT, as depicted in the framework proposed by the World
Health Organization (WHO) International Classification of Functioning, Disability, and Health
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(ICF). The WHO-ICF framework recognizing impairments in body structures and functions
(e.g., impaired memory) as a result of disease or injury, and limitations in activities and

FIGURE 1-2 WHO-ICF Model of Disablement
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participation, 1.e., the ability to carry out important daily activities (e.g., remembering weekly
appointments) and the ability to participate in society (e.g., potential impact of the impairment on
employment, home, school, or community). Importantly, activity and participation limitations
result from an interaction between the person with impairment(s) and the physical and social en-
vironment. For example, an individual with TBI may have difficulty learning and remembering
new information. With repeated training, she may be able learn some basic routines, such as
writing appointments and other important information down in her daily planner and consulting
it frequently, allowing her to keep track of her schedule and other important tasks despite her
memory impairment.

TREATMENT

Determining the appropriate method and timing of treatment for an individual with TBI de-
pends on a number of factors, including severity of injury, stage in recovery, and factors unique
to the individual. At any stage of recovery, treatment success can be moderated by a number of
factors including time since injury, etiology, and age. Some long-term consequences of TBI,
such as seizures or depression, may not appear immediately after injury; likewise, the acute im-
pairments may recover with or without treatment and rehabilitation, also known as spontaneous
or natural recovery. Natural recovery typically occurs more quickly soon after injury and decele-
rates gradually over time, but the degree and duration of natural recovery is highly variable
across individuals (Lovell et al. 2003). In general, the focus of treatment changes as a patient
progresses from the acute/immediate phase after injury to more chronic stages of recovery. In the
acute phase, treatment may primarily focus on increasing the patient’s survival while preventing
or minimizing long-term consequences of injury and facilitating recovery (Meyer et al. 2010).

Once medically stable, those with more severe impairments may receive hospital or outpa-
tient rehabilitation services typically focusing on overall return of activity and independence, as
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well as near-term necessities such as performing daily activities and mobility. As natural recov-
ery slows in the subacute and chronic periods, rehabilitation typically narrows its focus to the
areas likely to be persistent problems and to the specific activities of importance to the individu-
al. Rehabilitation treatment may include a mixture of pharmacologic and nonpharmacologic in-
terventions. Nonpharmacologic treatments include, but are not limited to, physical therapy, oc-
cupational therapy, speech-language therapy, and psychotherapy. Often, pharmacologic therapies
supplement the overall rehabilitation program and aim to reduce specific impairments or effects
of the injury. While no approved, prescribed drug exists to treat the effects of TBI, many agents
can be used to aid patients in their recovery. For example, patients who experience seizures may
benefit from anticonvulsants (e.g., phenytoin, valproate), which allow patients to focus on recov-
ery from existing impairments, unimpeded by intermittent and unpredictable seizures. Comorbid
conditions such as pain, fatigue, or posttraumatic stress disorder (PTSD) may present additional
challenges and may also require pharmacologic intervention.

An earlier IOM report, Gulf War and Health, Volume 7 (1I0M 2009), identified important
causal and associative effects of both mild and moderate to severe TBI on short- and long-term
outcomes following injury. However, neither this report nor a recent IOM report on nutrients to
support recovery following TBI, Nutrition and Traumatic Brain Injury: Improving Acute and
Subacute Health Outcomes in Military Personnel (IOM, 2011), examined the role of reha-
bilitation on recovery and outcome following mild or moderate to severe TBI.

Cognitive Rehabilitation Therapy

The goal of CRT is to increase individuals’ ability to process and interpret information, the-
reby enhancing their capacity to function in everyday life. Treating individuals with cognitive
deficits began early in the 19th century, as medical advancements allowed better understanding
of cognitive processes and led to more individuals surviving previously life-ending events. The
late 1970s ushered in the modern era of CRT, for the treatment of patients with acquired brain
injuries, including those due to stroke, infection, multiple sclerosis, or traumatic injury. The ther-
apy is a collection of treatments, generally tailored to individuals depending on the pattern of
their impairments and activity limitations, related disorders (e.g., preexisting conditions or com-
orbidities), and the presence of a family or social support system. These factors all contribute to
how, and perhaps how effectively, the treatment can be applied. CRT focuses on restoring im-
paired functions or compensating for residual impairments in areas such as attention, executive
function, memory, and language or social communication, well as the application or use of these
functions during activities. Treatment may also include related comorbidities or secondary re-
sults of TBI. The application and practice of CRT varies in a number of ways, as described in
Chapters 4 and 5.

CRT is offered in a wide array of settings, including rehabilitation hospitals, community-care
centers, and individuals’ homes and workplaces. Due to the range of services offered, providers
of cognitive rehabilitation also vary widely. They represent a number of fields and professions
including rehabilitation medicine, nursing, physical therapy, speech-language pathology, occupa-
tional therapy, psychology, psychiatry, neuropharmacology, neuropsychology, and vocational
rehabilitation. Moreover, members of these disciplines may deliver CRT services under discipli-
nary headings such as “physical therapy,” “occupational therapy,” or “counseling,” such that the
correspondence between a treatment’s label and its contents is imprecise. While there has been
some movement to standardize CRT, wide variations between expectations of practitioners from
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different professions still exist, reflecting how accreditation organizations separately determine
educational and licensing requirements for practitioners within individual professions.

Due to the individualization of CRT, the appropriate timing and duration of the treatment is
not known. These factors depend on the individual, severity of injury, and response to treatment,
as well as health insurance coverage. The therapy may evolve throughout the course of treatment
in response to feedback from the patient and caregivers. Although individualization is clinically
useful, it presents challenges to researchers who attempt to study standardized CRT practices and
discover what is effective, what could be improved, and what could be harmful to patients.

Assessments of the efficacy of CRT for TBI to date have utilized various methodologies and
yielded mixed results. Systematic reviews published in peer-reviewed journals have generally
found evidence for the benefits of CRT (Cicerone et al. 2000, 2005, 2011; Kennedy et al. 2008;
Rohling et al. 2009). According to Cicerone et al. (2011), there is substantial evidence to support
CRT for TBI, including interventions for attention, memory, language and communication, ex-
ecutive function, and for comprehensive (i.e., multi-modal or holistic) neuropsychological reha-
bilitation. A recent health care “technology assessment” (i.e., systematic review) commissioned
by DoD found evidence of benefit from specific aspects of CRT, but generally found a small
evidence base for the therapy, leading to inconclusive results about CRT’s efficacy (ECRI 2009).
Ongoing needs for TBI survivors, especially service members and veterans cared for within the
MHS, combined with inconsistent findings in prior evaluations of CRT for TBI, necessitated the
current assessment. The literature evaluation is described in Part II of this report.

THE MILITARY HEALTH SYSTEM

The MHS is the agency of the Department of Defense that provides health care for uniformed
service members, military retirees, and their families. The VA health care system, the Veterans
Health Administration (VHA), is separate from the MHS; however, these two organizations
share many common goals and characteristics.' TRICARE is the MHS healthcare program for
active duty personnel, military retirees, and family members of the seven uniformed services: the
Army, the Air Force, the Navy, the Marine Corps, the Coast Guard, the Commissioned Corps of
the Public Health Service, and the Commissioned Corps of the National Oceanic and Atmospher-
ic Administration, as well as the National Guard and Reserves. TRICARE is a single-payer sys-
tem, encompassing direct care services at military treatment facilities and purchased care from
civilian professional providers and healthcare services, suppliers, and facilities. In 2010,
TRICARE served 9.4 million beneficiaries. Of these, 20 percent were active duty members of
the various uniformed services, 26 percent were family members of an active duty member, and
54 percent were retirees and their families (TRICARE 2010).

The effects of TBI are felt within each branch of the service and throughout both DoD and
the VA. In 1992, DoD and the VA collaborated to establish the Defense and Veterans Brain In-
jury Center (DVBIC) to address the increasing incidence of TBI (DVBIC 2009). The DVBIC is
specifically designed to provide services for active duty military, their beneficiaries, and veterans
with TBI. It is a multisite network of services, including clinical care, research initiatives, and
educational programs. Since 2008, the DVBIC has also provided TBI surveillance and a registry

" Individuals who formerly served in the military are “veterans.” Individuals who serve in the military for 20 years or more are “military re-
tirees”; in some cases, those who are medically discharged from service prior to 20 years may qualify as military retirees. It is important to note
that all former military members are veterans, but not all are military retirees. Military retirees and their dependents may access benefits through
TRICARE, either through the direct care or purchased care systems. The military retiree may also access care through the VHA. Veterans who
are not military retirees may be eligible for care through the VHA. In certain circumstances, the VHA may send a veteran for health care at an
MHS or civilian facility (OPM 2010).
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of TBI survivors, as well as predeployment neuropsychological testing to service members. On-
going and future research on acute and chronic recovery from TBI, including CRT, is facilitated
through the DVBIC. Appendix C provides an overview of future and ongoing CRT clinical trials,
including those sponsored through the DVBIC.

Current Coverage

Regarding the general subject of rehabilitation, TRICARE states coverage includes “any
therapy for the purpose of improving, restoring, maintaining, or preventing deterioration of func-
tion. The treatment must be medically necessary and appropriate medical care. The rehabilitation
therapy must be rendered by an authorized provider, necessary to the establishment of a safe and
effective maintenance program in connection with a specific medical condition, provided at a
skilled level and must not be custodial care or otherwise excluded from coverage (e.g., exercise
or able to be provided at a non-skilled level)” (TRICARE 2010).

TRICARE does not state explicitly its coverage policy for CRT. In addition to coverage for
rehabilitation generally, services such as speech, occupational, and physical therapy are pro-
vided; telemedicine is also covered under the policy. For speech therapy, TRICARE provides
coverage when prescribed and provided or supervised by a physician to treat speech, language,
and voice dysfunctions resulting from birth defects, disease, injury, hearing loss, and pervasive
developmental disorders, with exclusions (e.g., TRICARE does not cover the following: disord-
ers resulting from occupational or educational deficits, myofunctional or tongue thrust therapy,
videofluroscopy evaluation, maintenance therapy that does not require a skilled level after a ther-
apy program has been designed, or special education services from a public educational agency
to beneficiaries age 3 to 21). For occupational therapy, TRICARE covers therapy when pre-
scribed and supervised by a physician to improve, restore, or maintain function, or to minimize
or prevent deterioration of function. TRICARE covers physical therapy when prescribed by a
physician and professionally administered to aid in the recovery from disease or injury by help-
ing the patient attain greater self-sufficiency, mobility, and productivity through exercises and
other modalities intended to improve muscle strength, joint motion, coordination, and endurance.
Specific exclusions to physical and occupation therapy apply by region. In terms of telemedicine,
TRICARE covers the use of interactive audio/video technology to provide clinical consultations
and office visits when appropriate and medically necessary, including clinical consultations, of-
fice visits, and telemental health (e.g., individual psychotherapy, psychiatric diagnostic interview
examination, and medication management).

According to a statement from TRICARE Management Activity, the organizing institution of
TRICARE, CRT interventions for service members currently are available at medical treatment
facilities through DoD’s supplemental health care program and through VA programs. Under the
supplemental health care program, active duty service members may receive care that is ex-
cluded under TRICARE’s basic program if necessary to ensure adequate availability of health
care services. DoD may also authorize reimbursements for CRT for service members or veterans
under this supplemental program. However the therapy must be considered medically or psycho-
logically necessary for the recovery of the injury and subsequent impairments for service mem-
bers to receive these benefits.
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CONCLUSION

TBI affects approximately 1.7 million people in the United States, and due to advanced life-
saving measures, more individuals are surviving their injuries and living with long-term disabili-
ties. Among affected populations, members of the military and veterans, with their families, are
impacted most (Faul et al. 2010). Given the rising burden of TBI and remaining questions re-
garding the efficacy of CRT, the goal of this report is to identify CRT interventions with suffi-
cient evidence-base to support widespread use in the MHS.

The remainder of the report is organized to inform the reader about unique aspects of TBI
that may affect recovery; these aspects are described in relation to the injury (Chapter 2) and the
specifics of the affected individual (Chapter 3). Chapter 4 describes the history and evolution of
CRT, including the current definitions endorsed by professional and research organizations;
Chapter 5 describes the state of practice and the role of various providers. Chapter 6 details the
committee’s methodology for reviewing the literature and making assessments about the quality
of studies, as well as the hierarchy of evidence grading the committee used to make judgments.
Chapters 7 through 12 provide the summary analysis of the evidence by cognitive domain, multi-
modal/comprehensive CRT, and the therapy’s application through telehealth technologies. A dis-
cussion of possible adverse effects or harm is provided in Chapter 13. Chapter 14 discusses di-
rections for research and clinical practice. The committee identified these directions throughout
the report process, and many of the conclusions and recommendations in the final chapter aim to
address the lack of methodological rigor among studies, while acknowledging the history of the
therapy’s development, the unique features of the injury being addressed, and how future re-
search may strive to compensate for these many challenges.
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Chapter 2

Traumatic Brain Injury

The multifaceted characteristics of traumatic brain injury (TBI) complicate the evaluation of
therapeutic interventions, including rehabilitation. The intensity, direction, and duration of exter-
nal forces that cause TBI, coupled with a range of factors specific to the individual and early
medical management, affect the pattern and extent of damage and the degree of recovery (Maas
et al. 2008). These combined factors may determine the type and effectiveness of the rehabilita-
tion therapy. In this chapter, the pathophysiology of TBI, injury complications, and person-
specific variables are discussed in relation to outcome. Chapter 3 addresses other factors related
to recovery after TBI. These chapters provide the relevant background for interpreting the cogni-
tive and neurobehavioral sequelae of TBI. esearch indicates that TBI may manifest differently
depending on the mechanism of injury. For example, blast-induced neurotrauma (BINT) shows
significantly more changes in brain matter versus TBI caused by other forces. Because active
duty members of the military and veterans have higher exposure to blasts than civilians, TBI in-
curred by military and veteran populations may determine different outcomes than non-blast-
related TBI. However, civilians may be exposed to blasts due to terrorism, occupational hazards,
or other acts of violence. The committee assumes civilian versus military populations respond
similarly to TBI, unless otherwise noted.

TBI causes both direct, immediate physical damage and delayed, secondary changes that
contribute to subsequent tissue impairment and related neuropsychiatric dysfunction. Injury may
be focal or diffuse; due to closed impact or penetrating insults; and if severe, may include other
complicating factors such as hemorrhage, hypoxia, reduced blood flow, or metabolic alterations
(Jeremitsky et al. 2003; Saatman et al. 2008). These early, acute events are highly relevant to
long-term outcomes, as they can critically affect an individual’s degree of disability and need for
rehabilitation. The following chapter does not contain exhaustive descriptions of the many fac-
tors related to TBI. The reader may refer to Gulf War and Health, Volume 7: Long-Term Conse-
quences of Traumatic Brain Injury (IOM 2009) for more in-depth discussion of TBI biology.

The response to injury and subsequent treatment varies by multiple factors unique to the af-
fected individual, such as age, gender, genetics, cognitive reserve, polytrauma, multiple concus-
sions from the same impact, and history of prior brain injury (Colantonio et al. 2008; Loane and
Faden 2010; Perel et al. 2008). Such variability influences long-term functional outcomes, in-
cluding cognitive processes. The ultimate degree of recovery likely reflects individual variability
with regard to neuroplasticity, or the ability of undamaged brain regions or pathways to take over
irreparably damaged cells or brain regions (Cramer et al. 2011). Although most mild injuries ap-
pear to recover completely within weeks to months after trauma, a small but not insignificant
subset of mild TBIs cause longer-term symptoms, and these also may be associated with sus-
tained or progressive neuroimaging abnormalities (Vannorsdall et al. 2010). Secondary injury
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processes may continue for months or years, particularly with moderate or severe injuries, which
may lead to progressive long-term tissue loss (Greve and Zink, 2009; Werner and Engelhard
2007). Thus, characteristics of the injury and the individual contribute to the heterogeneity of
TBI, which has implications for treatment options.

CLASSIFICATION SCHEMES

Head injuries have historically been classified using various clinical indexes that include pa-
thoanatomical features, severity of injury, or the physical mechanisms of the injury (i.e., causa-
tive forces). Different classification systems may be used for clinical research, clinical care and
management, or prevention. Additional classification schemes include those that address second-
ary injury. The classification systems most relevant to rehabilitation help determine pace of re-
covery or expected degree of impairment. These systems include the Glasgow Coma Scale
(GCS), posttraumatic amnesia (PTA), duration of loss of consciousness (LOC), and degree of
altered consciousness.

Pathoanatomical Classification

Sometimes known as the “where and what” of TBI classification, pathoanatomical classifica-
tion describes the location and the pathological features (i.e., pathoanatomy) of tissue damage
induced by the injury. Pathoanatomical features influence outcomes for individuals with brain
injuries (Saatman et al. 2008) and indicate the likelithood of developing certain secondary prob-
lems (e.g., cerebral edema) (Saatman et al. 2008). Pathoanatomical classification may aid with
prognosis (Saatman et al. 2008), which helps determine the appropriate timing and type of reha-
bilitation. The injury is classified based on the presence or absence of a mass lesion, which is
found using diagnostic tools such as computed tomography (CT) and magnetic resonance imag-
ing (MRI) (Olson-Madden et al. 2010). Imaging helps with location of injury, which can be use-
ful in understanding localization of deficits (e.g., frontal lobe injuries are associated with prob-
lems with attention, initiating activity) (Kringelbach and Rolls 2004).

Severity Scales

Severity of TBI is generally graded from mild to moderate or severe. Severity can be classi-
fied in multiple ways, and each measure has different predictive utility, including determining
morbidity, mortality, or long-term functional outcomes. Patients with more severe head injuries
demonstrate lower cognitive functioning and have more gradual cognitive improvements follow-
ing the initial injury (Novack et al. 2000). Degree of severity is often based on the acute effects
of the injury, such as an individual’s level of arousal or duration of amnesia, and these are meas-
ured by the GCS, PTA, duration of LOC (Ptak et al. 1998) and degree of altered consciousness.

The majority of TBIs are mild, consisting of a brief change in mental status or unconscious-
ness. Mild TBI is also referred to as a concussion. While most people fully recover from mild
TBI, individuals may experience both short- and long-term effects. Moderate-severe TBI is cha-
racterized by extended periods of unconsciousness or amnesia, among other effects. The distinc-
tion between moderate and severe injuries is not always clear; as such, individuals with moderate
and severe injuries are often grouped for research purposes. Throughout the remainder of this
report, the committee refers to more severe injuries as moderate-severe TBI. Chapter 1 provides
epidemiological statistics on TBI by severity.
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These classification systems not only determine the severity of TBI, but also may be indica-
tive of the degree of long-term disability. The more severe the injury, the more severe and persis-
tent the cognitive deficits—though clinical measurements do not always concur. Severity meas-
ures graded during the acute phase sometimes reflect variance due to medications used during
resuscitation, substance use, and communication issues. However, the relationship between clini-
cal severity measures (e.g., GCS, LOC, and PTA) and various types of outcome measures (e.g.,
neuropsychological, functional disability, levels of handicap) has been well-established (Cifu et
al. 1997; Dikmen et al. 2003; Sherer et al. 2002; Temkin et al. 2003). The utility of these meas-
ures depends on factors such as how long after the injury a patient is evaluated. Measures ob-
tained later in time are generally better predictors of long-term outcomes; specifically, duration
of PTA is more predictive than duration of LOC, which is more predictive than GCS at the time
of injury (Katz and Alexander, 1994). Table 2-1 includes the mild, moderate, and severe classifi-
cations.

The most common classification scheme for TBI injury severity is the GCS, which has been
in use since the 1970s. It provides a numerical index of level of consciousness that is used to
grade injury severity. The 15-point scale is based on ratings of eye opening, verbal behavior, and
motor behavior (Teasdale and Jennett 1976). A score of 13 to 15 is classified as mild, 9 to 12 as
moderate, and 3 to 8 as severe. Though well known and widely used, this classification scheme
is most useful in predicting acute survival and gross outcome, and performs more poorly in pre-
dicting later and more detailed functional outcomes, particularly in cognitive and emotional
realms. Valid scoring has also become more difficult with earlier intubation and sedation for in-
dividuals with more severe injuries. However, more recent studies have found that the motor
component of GCS may be more useful in predicting outcomes than the verbal data, which has
not been found useful (Healey et al. 2003).

Other postinjury conditions contribute to the spectrum of severity, such as posttraumatic am-
nesia. PTA is defined as the interval between injury and return of day-to-day memory. It is a
state of confusion that occurs immediately following TBI, in which the injured person is dis-
oriented and unable to remember events after the injury. PTA can be directly assessed during the
subacute stage of recovery using a brief examination that tests orientation and memory for cir-
cumstances of the injury and events prior to and following the injury. In addition, duration of
PTA can be estimated retrospectively by asking the patient memory-related questions concerning
events immediately postinjury and estimating the postinjury interval prior to restoration of mem-
ory. In contrast to the brief duration of PTA after mild TBI—typically 5 to 10 minutes and less
than 30 minutes—PTA could extend for days to weeks after severe TBI. Beginning rehabilitation
prior to the end of PTA may be problematic since the patient is less likely to transfer learning
across sessions.

TABLE 2-1 Classification of Mild, Moderate, and Severe Traumatic Brain Injury

Severity of Injury/Measure Mild Moderate Severe

Glasgow Coma Scale 13to 15 9to 12 3t08

. . > 30 minutes
Loss of Consciousness < 30 minutes > 24 hours
u 1 < 24 hours to 24 hours u

Posttraumatic Amnesia <24 hours > 24 hours > 7 days
<7 days

Altered Consciousness <24 hours > 24 hours > 24 hours

SOURCE: Helmick et al. 2007; Kay et al. 1993.
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Retrograde amnesia may also be present after injury, but its duration is typically shorter than
PTA. Retrograde amnesia is “partial or total loss of the ability to recall events that have occurred
during the period immediately preceding brain injury” (Cartlidge and Shaw 1981). In contrast,
anterograde amnesia is difficulty forming new memories after the trauma, and it can sometimes
lead to a decreased attention span and inaccurate perception. After a loss of consciousness, ante-
rograde memory is often one of the last cognitive functions to return (Cantu 2001).

Natural History of Recovery

The natural process of recovery following TBI depends upon the initial injury severity, as de-
scribed with the GCS; though there can be considerable variability even within categories. With
most injuries there is a gradual resolution of symptoms. For most mild, single concussive inju-
ries, the majority of patients are symptom-free within several weeks (Belanger and Vanderploeg
2005; Carroll et al. 2004; Lovell et al. 2003; McCrea et al. 2003). Several meta-analyses indicate
the path to preinjury symptom levels following a mild TBI is 2 weeks, approximately, and no
more than 3 months (Iverson 2005; McCrea et al. 2009). Development of new symptoms follow-
ing resolution of the initial symptoms in civilians with mild TBI occurs infrequently. However,
with multiple mild TBIs, both the number and duration of symptoms are likely to increase.

The course of recovery from severe TBI is more prolonged, with greatest function recovery
occurring within 1 to 2 years of injury. One study (Corrigan et al. 1998) reported that following
rehabilitation, an increasing number of people were independent at 6 to 12 months, and up to 5
years, postinjury. In another study assessing recovery in people with severe TBI, approximately
22 percent of individuals were found to have improved from year 1 to year 5, however, 14 to 15
percent declined, and approximately 62 percent remained unchanged (Millis et al. 2001). At the
present time, the course and pattern of recovery following blast-related TBI is not well characte-
rized, with no published longitudinal studies. However, the congressionally mandated Longitu-
dinal Study on Traumatic Brain injury Incurred by Members of the Armed Forces in Operation
Iraqi Freedom and Operation Enduring Freedom (H.R. 5122) is currently ongoing and should
provide details on the natural recovery in this population.

HETEROGENEITY

Heterogeneity of the injury is important to consider because it may help determine those who
will benefit from cognitive rehabilitation therapy (CRT). Participation in CRT generally requires
patients to be stable and recovered well enough to participate effectively in goal-oriented treat-
ment programs. This generally occurs after the acute care phase. The unique, heterogeneous na-
ture of an individual’s TBI should be taken into account when designing or delivering a CRT
program. Some of the most important heterogeneous factors to consider are physical mechan-
isms, pathobiology, severity, presence of polytrauma, multiple impacts, and other factors includ-
ing age, gender, cognitive reserve, and genetic variation.

Physical Mechanisms of Injury

The physical mechanism of TBI, which determines the forces involved in the injury,
represents an alternate way of classifying head injury based on the causative forces of the injury.
Injuries can be classified according to whether the head makes contact with an object (also called
impact loading) and whether the brain moves within the skull due to acceleration or deceleration
forces (inertial loading) (Gennarelli 1983). Lesions can form when the brain is brought into con-
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tact with the skull, when an object strikes the head, or as a result of acceleration or deceleration.
Medical records often only indicate the acute injury classification of a trauma, not its cause. This
challenge must be overcome in clinical practice, where the event’s preceding conditions must be
estimated from incomplete details (Saatman et al. 2008). In addition to severity, anatomical fea-
tures of the injury (i.e., pathobiology) and the mechanism of causative forces are important fac-
tors to consider, especially for rehabilitation purposes, as explained in the following sections.
Mechanisms of injury may manifest in different ways, and include focal versus diffuse injuries
as well as penetrating versus closed head injuries. Another way to characterize the physical me-
chanisms of TBI is to compare those that are commonly seen in military populations with those
most commonly seen in civilian populations. These physical mechanisms of injury may occur in
various combinations.

Focal Versus Diffuse

Whether an injury is focal, diffuse, or both, contributes to the degree of heterogeneity of the
resulting damage. A focal injury refers to a wound at a specific location, which affects the grey
matter of the brain; a diffuse injury refers to more widespread damage, causing degeneration of
white matter. Focal injuries most commonly reflect cerebral contusion resulting from impact,
with or without a fracture to the skull (Povlishock and Katz 2005). Features of focal injury may
include lacerations, contusions, and/or hemorrhage (Morales et al. 2005). Diffuse injuries often
result from rapid rotations of the head, which cause tissue distortion, typical in automobile acci-
dents. Diffuse axonal injury, now superseded by the term traumatic axonal injury (TAI), can oc-
cur with either focal or diffuse brain injury, most commonly following rapid acceleration or de-
celeration of the head. TAI, which is often caused by blasts (Mac Donald et al. 2011), is
characterized by shearing forces that cause axonal stretching, often with swelling of the brain
and fiber degeneration. TAI can serve as a predictor of outcome (Graham et al. 2002; Hurley et
al. 2004), though the long-term implications on treatment in humans are still not well understood
(Greer et al. 2011).

Focal and diffuse injuries also may occur in combination, (Povlishock and Katz 2005) which
is often the result of a penetrating brain injury caused by severe whiplash or blast (Hynes and
Dickey 2006); these features are commonly seen in military wounded with moderate-severe TBI.
Blunt injuries can be either focal or diffuse—or, in some cases, mixed. Both static and dynamic
forces cause blunt head injuries. Static loading occurs in crush-type injuries (e.g., avalanche,
landslide), and is relatively uncommon (Graham et al. 2006). This type of injury generally causes
skull fracture, and in more severe cases can cause brain laceration and coma. More often, blunt
force injuries to the head are caused by dynamic forces: direct impact or rapid acceleration, dece-
leration, or rotational movement, which significantly strain the brain tissue (Graham et al. 2000).

Penetrating Versus Closed

Penetrating injuries involve an object entering or lodging within the cranial cavity. In civilian
populations, these most often result from projectile or knife wounds; in the military setting, blast-
related shrapnel or missile injuries are the most common causes (Warden 2006). Penetrating in-
juries have been less studied than closed models. Closed head injuries occur due to a nonpene-
trating injury to the brain, usually resulting from a rapid rotation or shaking of the brain within
the skull, or by impact to the skull. The most frequent causes of closed head injury are motor ve-
hicle accidents or falls, resulting in either diffuse or focal injury. When not accompanied by pe-
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netrating wounds, a blast may also cause closed head injury. Common symptoms of nonpenetrat-
ing TBI include TAI, contusion, and subdural hemorrhage.

Military Versus Civilian

TBI has been the signature injury in the conflicts in Afghanistan and Iraq (Operation Endur-
ing Freedom [OEF] and Operation Iraqi Freedom [OIF]), with blast-induced neurotrauma
(BINT) the most common cause due to increased use of improvised explosive devices (IEDs). It
has been estimated that approximately 22 percent of military personnel in these war zones may
sustain a TBI, and that as many as 60 percent of injured soldiers may have a TBI as part of their
clinical spectrum (Terrio et al. 2009). Previous military campaigns have seen much lower rates
of TBI-related injuries and mortality. In the Vietnam War, approximately 40 percent of the
58,000 U.S. combat fatalities were due to head and neck wounds and 14 percent survived a head
injury (Schwab et al. 2003). In 1991, only about 20 percent of the military wounded in Operation
Desert Storm were treated for head injuries (Carey 1996; Leedham and Blood 1992). The mortal-
ity and morbidity patterns during the OIF/OEF years still await full analysis.

BINT is often mild and may occur in combination with physical injuries, which may mask
symptoms of TBI, causing true incidence to be underestimated. While body armor improvements
have increased survival rates, they may also increase TBI prevalence either by preventing death
from organ trauma or by potentially reflecting the blast waves (Phillips et al. 1988; Warden
2006). Blast injuries themselves are highly heterogeneous, and may result in primary, secondary,
tertiary, quaternary, or quinary effects. Injuries that occur as a direct result of blast wave—
induced atmospheric pressure changes, also called barotraumas, are referred to as the primary
blast injury; these injuries may result in organ and tissue damage due to the forces of acceleration
and deceleration. Secondary injuries may occur from the impact of blast-energized debris, pro-
ducing penetrating or nonpenetrating injuries. Tertiary injuries can result from the blast victim
being thrust against an immovable object, such as a wall or heavy machinery. Quaternary inju-
ries can come from exposure to heat or fire generated by the blast. Quinary injuries may result
from exposure to toxic agents released by the blast. In the military population, exposure to mul-
tiple blast injuries is common and may increase subsequent TBI-related symptoms and disability
(Belanger et al. 2009). A recent study of active duty military with primary blast exposure plus
another blast-related mechanism of injury (e.g., a motor vehicle collision or being struck by a
blunt object) demonstrated the unique nature of military blast TBI (Mac Donald et al. 2011). The
study found that patients demonstrated substantial numbers of abnormalities in the brain; civilian
cases consistent with TAI do not commonly share these abnormalities. Although BINT may be
unusually high compared to head injuries sustained by civilians, the risk of exposure to explosive
devices exists in nonmilitary settings due to landmines, explosive weaponry used in terrorist in-
cidents, or industrial or recreational accidents (Bilukha et al. 2008). Blast-related injuries are on-
ly in the beginning stages of study; pending development of further research, the true impact of
these injuries on short- and long-term outcomes for survivors are unknown.

Pathobiology

As detailed above, the consequences of TBI depend in part on which areas of the brain are in-
jured. The “primary injury,” not to be confused with primary blast injury, refers to the immediate
mechanical damage to brain cells and tissue that occurs at the moment of impact. This damage is
nonreversible and therefore untreatable. In contrast, “secondary” or delayed injury occurs after
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the trauma and may progress for days, months, or even years; the damage from this injury is po-
tentially treatable. Secondary injury is a complex, multifactorial process that includes metabolic
and physiological changes related to biochemical alterations at the molecular and cellular level.
In addition, secondary insults, such as hypoxia, hypotension, hypercarbia, and hyponatremia
have long been recognized as influencing the outcome of TBI. It is well known that chronic in-
flammation occurs after TBI, but recent experimental and clinical studies indicate that persistent
activation of the brain’s resident immune cells (microglia) may continue for months to years af-
ter more severe injuries and lead to continuing progressive degeneration (Amor et al. 2010;
Gavett et al. 2010; IOM 2009; Iwata et al. 2005).

Severity Continuum

The severity of brain injuries, described earlier in this chapter, also contributes to the hetero-
geneity of TBI, as the residual impact of TBI can increase as injury severity increases. The initial
effects of TBI may range from mild, with a brief change in mental status or consciousness, to
severe, with an extended period of unconsciousness. Ultimately, clinical severity is the result of
both primary and secondary injury. Research shows a dose-response relationship between acute
brain injury severity and cognitive deficits; when acute injuries are severe as measured by the
GCS or PTA duration, the residual cognitive deficits are severe, may involve more cognitive
domains, and are more persistent (Dikmen et al. 1995; Rohling and Demakis 2010; Schretlen and
Shapiro 2003;). Prospective, longitudinal studies of mild TBI have shown that by 3 months after
injury, performance on cognitive tests generally does not differ from uninjured control subjects
or patients who sustained mild orthopedic injury (Dikmen et al. 1995; Levin et al. 1987). Al-
though some studies have reported more persistent cognitive deficits in a subgroup of patients
with mild TBI (Kraus et al. 2007; Niogi and Mukherjee 2010), the literature is unclear about
what percent of prospective patients may fall into this category.

Polytrauma

TBI can occur as part of a polytraumatic event, meaning that other organs or body parts are
injured in addition to the brain. In recognition of the multifaceted nature of physical and psycho-
logical trauma exposure to members of the military and veterans, the Department of Defense
(DoD) and the U.S. Department of Veterans Affairs (VA) health care systems frequently use the
term polytrauma to refer to the combination of extreme physical injuries affecting two or more
organ systems, which may include emotional trauma. Polytrauma means concurrent injuries to
the brain and other organ systems resulting in physical, cognitive, and psychosocial impairments
(Lew et al. 2007; Sayer et al. 2009), which may complicate treatment. Concomitant injury to
body regions other than the head occurs in both military and civilian trauma patients. In service
members, polytrauma may result in loss of limbs and burns, complications that are less common
in civilians with TBI. However, civilians with mild TBI complicated by multiple trauma have
shown more frequent disability than those recovering from isolated, mild TBI (Stulemeijer et al.
2008).

Multiple TBI

In certain instances, a head injury may be followed by additional impacts to the head. Some-
times these injuries go unnoticed or unreported, as is often the case with mild TBI. Risk for re-
peated TBI is generally more common among military populations due to war zone characteris-
tics, such as frequent exposure to blasts. For civilians, exposure to multiple TBI may occur in
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contact sports or among those in active war zones alongside the military. Apart from developing
posttraumatic dementia, the effects of sustaining more than one mild TBI on rehabilitation are
unclear.

Reports of athletes sustaining repeated mild TBIs occurring over an extended period of time
(i.e., months or years) have suggested that the effects are cumulative, as reflected by neurological
and cognitive deficits (Guskiewicz et al. 2005; Iverson et al. 2004). It is unknown how often ser-
vice members are exposed to these impacts, and blast injuries may be unreported or undetected.
When reported, duration of unconsciousness is often unknown or unrecorded (Ross et al. 1994;
Thatcher et al. 2001). However, studies based on self-report questionnaires and interview data
obtained from service members and veterans of Iraq and Afghanistan have documented a sub-
group with repeated exposure to blasts that caused alteration of consciousness (Terrio et al.
2009). Despite a dearth of prospective data, research has suggested that the effects of these re-
peated blast-related injuries may be cumulative (Guskiewicz et al. 2005; Laurer et al. 2001).

Age

Although age is fixed at time of injury, it is an important factor to consider when describing
the heterogeneity of TBI. Age significantly impacts outcome from TBI and is one of the strong-
est predictors of mortality and functional outcome (Luukinen et al. 1999; Mosenthal et al. 2002;
Murray et al. 2007). Self-reported symptoms in the months after mild, blast-related TBI have
been worse in younger than older service members (Hoge et al. 2008; Terrio et al. 2009). How-
ever, older TBI patients are more likely to experience a delayed neurologic decline several
months after injury, which can complicate prognosis and treatment management. After age 65,
and in some studies as early as age 40, morbidity and mortality after TBI increased markedly
(Mosenthal et al. 2004). This finding applies especially to severe TBI in adults, where mortality
rises sharply in people 40 years or older. Furthermore, as people with TBI age, they are more
likely to experience cognitive decline earlier or at faster rates than individuals without TBI. Prior
TBI is associated with a significantly greater incidence of dementia or Alzheimer’s disease, as
established from large cohort studies from World War II, the Korean War, and the Vietnam War
(Loane et al. 2009). However, the potential moderating effect of age on response to CRT is not
currently known or documented.

Gender

The way gender contributes to heterogeneity of TBI varies depending upon the severity of
the injury and the outcome of interest. Evidence concerning gender differences in outcome is
mostly limited to sports-related concussion research, which shows that young females report
more symptoms following injury (Cantu and Gean, 2010; Dikmen et al. 2010; Lovell et al.
2003). In the sports-related concussion literature, females are shown as possibly susceptible to
increased risk of concussion in most sports (Colvin et al. 2009; Comstock et al. 2006; Gessel et
al. 2007). In sports played by both men and women, females sustained a higher rate of mild TBI
than males (Comstock et al. 2006; Gessel et al. 2007), and females were associated with worse
physical and cognitive symptoms and delayed recovery following mild TBI (Broshek et al. 2005;
Colvin et al. 2009; Covassin et al. 2007; Dikmen et al. 2010). Furthermore, in a large sample of
junior high, high school, and collegiate soccer athletes, females had longer recovery time than
males (Colvin et al. 2009). These results may be due in part to differences between genders in
biomechanical forces of injury or symptom reporting. However, with increased severity of in-
jury, evidence supports both a positive and negative effect of female gender on reducing risk of
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mortality following TBI (Berry et al. 2009; Davis et al. 2006; Farace and Alves, 2000; Morrison
et al. 2004; Ottochian et al. 2009).

Cognitive Reserve

Cognitive reserve is a construct that has been invoked to explain inter-individual variability
in the response to brain injury. Higher preinjury cognitive reserve has been linked to a higher
level of intellectual functioning on follow-up examinations. Operational definitions of cognitive
reserve have generally used preinjury intellectual level, for which data has been available in the
military. For civilians, an index based on demographic features including education history has
been used; more than 11 years of education was associated with an improved outcome
(Stulemeijer et al. 2008). This concept was initially proposed to explain individual differences in
intellectual outcome of penetrating brain wounds sustained in combat by Korean War veterans
(Weinstein and Teuber 1957). More recently, Grafman et al. (1988) extended the concept of
cognitive reserve to describe long-term intellectual outcome after penetrating brain wounds in
Vietnam War veterans. In both studies, higher preinjury intelligence was predictive of long-term
intellectual outcome. Cognitive reserve may explain different responses to posttraumatic cogni-
tive function, and may contribute significantly to posttraumatic outcomes and response to treat-
ment. Higher cognitive reserve may be considered a form of resilience to neuropathological
damage. A study by Jeon et al. (2008) explored premorbid demographic factors (e.g., age, sex,
marriage status, educational status, occupation, residence, and premorbid intelligence) and con-
cluded that higher levels of education, intelligence or higher 1Q scores, and younger age were all
prognostic indicators of recovery of memory function.

Genetic Variation

Another factor contributing to the heterogeneity of TBI is human genetic variation. At
present, little is known about the role of genetic variation in brain injury or rehabilitation. How-
ever, as with many other disorders, genes are likely to emerge as an important focus in the near
future and link to potential therapeutic interventions. Currently, many genetic components of the
response to neurotrauma are under investigation for impact on functional outcomes. Research
has shown that variation in the gene ApoE (Apolipoprotein E) can modulate the extent of brain
injury (Teasdale et al. 1997). However, the nature of the effect has not been consistent (Crawford
et al. 2002; Friedman et al. 1999; Millar et al. 2003). In addition, genetic polymorphisms in the
p53 gene have been shown to affect TBI recovery course (Dumont et al. 2003).

Other Factors Affecting Recovery

Many chronic conditions—both clinical and premorbid demographic factors—affect outcome
after TBI and therefore contribute to its heterogeneity (Jeon et al. 2008). Chapter 3 includes a
more complete discussion of these other factors affecting TBI outcome, including pre- and com-
orbid conditions such as substance abuse or depression and posttraumatic stress disorder. In addi-
tion, the individual’s social environment context, such as family or caregiver support systems,
significantly influences the effectives of treatment. Social environmental context is also dis-
cussed in Chapter 3.
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MEASURES OF OUTCOME

Choosing outcomes to measure or monitor post-injury change is critically important in mak-
ing decisions about rehabilitation for patients as well as determining the efficacy of the rehabili-
tation program implemented. Furthermore, prediction of outcomes is also complicated by the un-
iqueness of the injury as discussed throughout the chapter. While many psychometric measures
of outcome are used to evaluate and report on therapeutic interventions effects, more recent re-
habilitation research has focused on functional outcome measures as more global indicators of
patients coping or recovering from the disability.

The most frequent cognitive sequelae of TBI are impairment of episodic memory, slowed
cognitive processing speed, and impaired executive functions (i.e., the ability to switch between
tasks, plan, and set and monitor goals). These findings are generally transient and relatively sub-
tle after a single, mild TBI without complications, whereas marked persistent deficits are com-
mon after more severe TBI. Although the pattern of cognitive deficits could differ in blast-
related TBI, the evidence to date indicates that the long-term effects of these injuries are similar
regardless of cause and related to injury severity (Belanger et al. 2009). Rehabilitation programs
must address the complexity of the cognitive deficit affecting functional capacity to be effective.

Historically, the Glasgow Outcome Scale (de Guise et al. 2008) is a common measure, which
uses a five-point scale to classify outcome as death, persistent vegetative state, severe disability,
moderate disability, or good recovery (Jennett et al. 1976). This was one of the first scales devel-
oped to examine outcomes and has been used widely in TBI outcome research; however because
of its broad categories that are insensitive to change and difficulties with reliability, its research
application is limited. From this scale the Extended Glasgow Outcome Scale (GOS-E) was de-
veloped to address the limitations of the original GOS, measuring global functioning as a combi-
nation of neurologic functioning and gross cognitive function (Wilson et al. 1998).

Other outcome scales that are more sensitive and specific measures of functional recovery
than the GOS have been proposed, including the Disability Rating Scale (DRS), Rancho Los
Amigos Levels of Cognitive Function Scale (LCFS), and Functional Independence Measure
(FIM) (Zafonte et al. 1996). The FIM is a widely used 18-item ordinal scale, scored on the basis
of how much assistance is required for the individual to carry out activities of daily living
(ADLs) (i.e. feeding, bathing, grooming, and dressing), therefore attempt to measure the level of
a patient's disability and indicate the burden of caring for them. The FIM is often used with the
Functional Assessment Measure (FAM) a 12-point scale that incorporates cognitive and psy-
chosocial issues (Hall et al. 1993). In general these scales are more aptly suited for acute inpa-
tient settings (Sohlberg and Mateer 2001). Many other psychometric tests, are available to assess
various cognitive functions (i.e. Attention Rating Scale [Ponsford and Kinsella 1991], Wechsler
Memory Scale III [Wechler 1997], Wisconsin Card Sorting [Heaton 1981]). However, often
these measures are only indicators of what an individual can do at a particular time in a particular
context (Sohlberg and Mateer 2001). Although patients may indicate improvement in by these
outcome measures during or immediately post treatment, they may fail to implement strategies
learned in therapy, to home and work environments and therefore, true efficacy of therapy may
not be fully captured.

Many patients, families and their caregivers are likely more interested in outcomes that gene-
ralize to real world patient functioning. These outcome measures may include those that capture
patient centered outcomes indicative how treatment effects in the real world and can be main-
tained or have meaning for patient (functional status and quality of life). These functional as-
sessment measures, such as self-report or caregiver reporting of ADL functioning, can be a more
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useful gauge of the patient recovery trajectory. Other measures that may be more pertinent for
personalized treatments involving cognitive rehabilitation therapy may include Goal Attainment
Scaling (GAS) (Malec 1999, Malec et al. 1991), because it involves patients identifying general
goals and articulating specific unique goals to their situation. Measures such as community par-
ticipation measures including, return to work, access to work, and community integration and
participation measures are also important in assessing real-world functional outcomes. However,
in its review of the evidence the committee focused not only on an immediate treatment benefit,
but also on whether a benefit to everyday life and functional status via patient centered out-
comes, or maintenance of outcomes.

Selection of outcome measures for rehabilitation, specifically CRT, should be guided by the
need to generalize treatment effects across situations and over time, while choosing measures
that do not overlap with the training tasks. Consequently, outcome measures should include cog-
nitive function in everyday activities, and the overall study design should consider maintenance
of posttreatment changes over time. Furthermore, many diagnostic tools are available to deter-
mine location of damage and lesions within the brain and to aid in determining treatment ap-
proach and options and to act as biomarkers in predicting and monitoring outcomes. These imag-
ing techniques noninvasively monitor brain function, helping to provide information on the
disease etiology and can aid in making decisions about patient recovery as well as monitor res-
ponsiveness to interventions. MRI (Magnetic Resonance Imaging) technologies allow for the
monitoring of blood flow in the brain and provide detailed images of brain anatomy to identify
brain pathology. A modification of the original MRI, fMRI (functional MRI) is a relatively non-
invasive monitoring and localizing of functional changes in the brain and changes in functioning
following TBI. Other diagnostics include Electroencephalography (EEG), which measures elec-
trical activity from ion current within the neurons of the brain. It is generally nonspecific indica-
tor of general cerebral function. Positron Emission Tomography (PET) provides computer gener-
ated images of blood flow, brain metabolism, and chemical processes generated from gamma
rays emitted indirectly by a positron-emitting radionuclide tracer, which can be monitored while
a patient is engaged in various activities. Transcranial magnetic stimulation (TMS), uses elec-
tromagnetic stimulation to activate specific or general parts of the brain with minimal discom-
fort, allowing study of the functioning and interconnections of the brain (Wagner et al. 2007).

These imaging technologies assist with the location of the injury and monitoring of brain
function, but injury characteristic association with a performance on a functional task or with
specific cognitive deficits has not been well established. However, recently, Diffusion Tensor
Imaging (DTI), a method of assessing axonal integrity and white matter integrity, has shown
promise as a predictor of some cognitive deficits (Kinnunen et al. 2011). White matter is one of
the two components of the central nervous system and consists mostly of myelinated axons that
connect regions of grey matter (the locations of nerve cell bodies) of the brain to each other, and
carry nerve impulses between neurons, thus white matter acts as the tracts to connect brain func-
tionality. Kinnunen and colleagues (2011) demonstrated the relationship between white matter
abnormalities and cognitive function in two domains commonly affected by TBI, memory and
executive function (Kinnunen et al. 2011). These imaging and biomarkers may have utility in
determining responsiveness to behavioral/rehabilitative interventions and or medications and be
useful in helping to define target populations.
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CONCLUSION

In general, TBI is complex, and a multitude of factors may influence treatment approaches
and course of recovery. The nature of TBI complicates the process of planning, delivering, and
evaluating therapeutic interventions such as CRT. This chapter serves as background for the re-
mainder of the report, including understanding what CRT is and the lack of definitive evidence
regarding effective treatment for TBI.
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Chapter 3

Factors Affecting Recovery

Multiple factors may affect recovery after traumatic brain injury (TBI), including the indi-
vidual’s severity of injury; access and response to treatment; age, pre-existing environmental,
genetic, or medical complications; or conditions co-occurring with the primary condition. It is
important to note that recovery is not one dimensional. Practitioners and researchers measure
outcomes in various ways, ranging from mortality to ability to return to preinjury employment
status. However, TBI survivors themselves and their families are likely more interested in quali-
ty-of-life outcomes, such as reintegration into the community, successful return to work or
school, and functional capacity in everyday life.

Previous chapters have addressed severity of TBI and other injury-related factors affecting
outcome. This chapter describes the premorbid conditions (e.g., learning disabilities or psychia-
tric conditions), comorbidities (e.g., stress-related psychiatric disorders or somatic symptoms),
and contextual factors (i.e., social environmental) affecting cognitive and functional recovery
from TBI. The following sections are not intended to be an exhaustive review of all possible as-
sociated conditions; rather this synthesis of the literature focuses on those factors that the com-
mittee determined were most relevant for this report—those that may interfere with an individu-
al’s response to rehabilitation following TBI, including cognitive rehabilitation therapy (CRT).
These issues are discussed within the context of both civilian and military populations. Figure 3-
1 shows the environmental, personal, or medical factors that may affect recovery.

PREINJURY CONDITIONS

Individuals who sustain TBI may have preexisting conditions, as well as diverse cognitive,
medical, genetic, and environmental backgrounds that potentially moderate the effects of injury.
Each of these elements (independently and collectively) along with the heterogeneity of TBI can
affect an individual’s initial response to trauma and subsequent response to treatment. Gaps in
knowledge exist regarding the effects of preexisting conditions on outcome following TBI, and it
is often difficult to differentiate the effects of preinjury factors from those related to the injury
itself or the postinjury environment. Preinjury conditions, such as attention deficit hyperactivity
disorder (ADHD), learning disabilities, or mild forms of syndromes on the autism spectrum (e.g.,
Asperger’s), may also affect an individual’s cognitive deficits after a TBI, as well an individual’s
ability to acknowledge an injury, seek screening or treatment, understand a diagnosis and subse-
quent treatment plans, and set appropriate goals for treatment success.
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FIGURE 3-1 Factors Affecting Initial Response to TBI and Recovery from TBI

Impairments

Cognitive:

= Attention

= Executive function

= Language and social
communication

= Memory

= Visuospatial perception

Physical:

= Fatigue

= Pain

= Seizure disorder
= Sleep disturbance
= Vision

Psychological:

= Anger and irritability

= Anxiety

= Depression

= Posttraumatic stress
disorder

Activities

Improvement in the ability
to carry out important
activities in the physical
and social environment.

Participation in Society:
Quality of Life

Improvements in:

= Community
participation

= Educational
attainment

= Employment status

= Family/caregiver
health

= Quality of life and
well-being

= Role in the home

Medical Care
Factors

1Q, education)

= Gender

= Genetics

= Premorbid
neurodevelopmental or
mental health disorders

= Access to acute care
= Quality of care

Factors Affecting
Initial Response to TBI

impairment)

—

= Stress
— A~

Environmental = Mechanism of injury = Deployment and postdeployment stressors
Factors = Multiple TBIs = Disability supports/service status

= Polytrauma = Family functioning

= Severity of injury = Social support

= Transportation access

Personal = Age = Behavioral problems (e.g., anger, aggression)
Factors = Cognitive reserve (e.g., = Comorbid conditions concurrent with TBI (visual

= Comorbid conditions due to TBI (e.g., epilepsy)
= Lack of awareness of deficits
= Neurodevelopmental disorders

= Pain

= Psychological comorbid conditions (e.g., anxiety,

depression, PTSD)
= Sleep disturbances

= Access to general medical, mental or behavioral,

and rehabilitation care
= Quality of care

Factors Affecting
Recovery from TBI

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.




Cognitive Rehabilitation Therapy for Traumatic Brain Injury: Evaluating the Evidence

FACTORS AFFECTING RECOVERY 3-3

Preinjury depression may affect the manifestation of various TBI-related effects. In a study
of TBI by Bombardier et al. (2010), a prior history of depression among patients correlated with
higher postTBI rates of major depressive disorder. Although screening attempts to prevent indi-
viduals with most major affective disorders from military service, instances of bipolar disorder,
schizophrenia, or substance use disorder (SUD), among others, may go undiagnosed. Corrigan et
al. (2003) demonstrate that about half of the civilian subjects in TBI Model Systems, a national
data repository of information about the acute and post-acute care of individuals with TBI, had
preinjury SUD. Emotional disturbance and ongoing substance abuse can also affect a survivor’s
capacity to cognitively engage in and potentially benefit from even a well-designed cognitive
rehabilitation program.

Other preexisting factors may contribute to poor outcomes following TBI, including a lack of
social support systems and environmental factors. Socioeconomic status (SES) is an environmen-
tal factor that can affect cognitive, behavioral, and functional outcomes. Socioeconomic status is
associated with low education status or low 1Q. But the relationship between low SES and a
worse outcome may be due to the limited resources available to the individual and the family,
including access to high-quality rehabilitation and availability of family members to act as care-
givers. If an individual from low SES suffers a TBI in the military, that person may be afforded
the opportunity for continued treatment and care due to his service, which may otherwise be un-
available. However, due to work restrictions or other responsibilities, that person’s family or oth-
er caregivers may not be able to provide the support system and care the person needs after hos-
pitalization and during a structured rehabilitation program.

COMORBIDITIES

Comorbidities are conditions that occur in addition to the primary insult, injury, or disease.
Comorbidities can occur by chance (i.e., two or more conditions occurring simultaneously, with
one condition not the direct origin of the other), or by causal association (Valderas et al. 2009).
Causal conditions may be linked in one of two ways: by direct causation, where one disease or
injury results in another disorder, e.g., when TBI leads to memory impairment or epilepsy; or by
associated risk factors, where the environment or agents leading to one condition also may ma-
nifest in another, e.g., sustaining a TBI and broken femur in the same explosion (Valderas et al.
2009). Co-occurring conditions have also been explained by selection bias, meaning those who
seek treatment may be more likely to have more than one disease or adverse health condition
(Valderas et al. 2009).

Comorbidities of TBI may include behavioral, psychiatric, physical, or cognitive disorders.
These are generally causal associations—either due to direct causation or associated risk factors.
Just as cognitive and psychiatric disorders can occur as preexisting conditions, they are also the
most common comorbidities following injury, particularly in the long term. For example, TBI
has been shown to be associated with the premature onset of neurodegenerative diseases, includ-
ing dementia (Kiraly and Kiraly, 2007). Common comorbidities include depression, anxiety dis-
orders (e.g., PTSD), and SUD, all discussed further in this chapter.

These comorbidities may also be differentially reflected in civilian and military populations
due to the nature of deployment, prolonged battle, or other challenging war zone conditions ex-
perienced by members of the military. In severe TBI in civilian populations, behavioral distur-
bances including irritability, disinhibition, aggression, and lack of insight or awareness pose a
burden to caregivers and a challenge for rehabilitation clinicians. Meanwhile, the most common-
ly reported comorbidities among military populations include depression and anxiety disorders.

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



Cognitive Rehabilitation Therapy for Traumatic Brain Injury: Evaluating the Evidence

3-4 COGNITIVE REHABILITATION THERAPY FOR TRAUMATIC BRAIN INJURY

Of these, posttraumatic stress disorder (PTSD) has been reported in 43 percent of service mem-
bers who sustained blast-related mild TBI associated with alteration of consciousness (Hoge et
al. 2008). Mental health disorders can affect soldiers’ and veterans’ quality of life, ability to en-
gage in social activities or employment, and capacity to resume satisfying lives within their fami-
lies and communities (Sandberg et al. 2009). Additionally, mental health disorders may have di-
rect effect on neuropsycological functioning. They also have the potential to interfere with
recognition of the need for treatment or the ability to actively engage in therapies like CRT.

Depression

Depression is defined by symptoms including sadness, apathy, negative thoughts, low ener-
gy, cognitive distortions, inability to enjoy everyday activities, and suicidal ideation (American
Psychiatric Association, 2000). Depression is a common and disabling mood disorder that can
significantly diminish an individual’s quality of life. Studies have found that the rate of depres-
sion postTBI is nearly eight times higher than the general population’s rate (53.1 versus 6.7 per-
cent) (Bombardier et al. 2010). Furthermore, depression may also develop indirectly years after
an injury as a result of the effects of TBI and maladaptive readjustment (Moldover et al. 2004).

Anxiety Disorders

According to a growing body of literature, anxiety disorders (e.g., Generalized Anxiety Dis-
order, PTSD, and others) can develop after mild, moderate, or severe TBI (Bryant et al. 2010;
Zatzick and Grossman, 2011). Furthermore, as anxiety disorders are a common preinjury condi-
tion, occurring in 29 percent of the general population (Kessler et al. 2005), it has been suggested
that they continue to exacerbate issues postinjury (Moore et al. 2006). Anxiety disorders have
been documented as co-occurring with TBI to varying degrees in many studies. Virtually all
types of anxiety disorders have been documented individuals who have experienced mild TBI,
including Generalized Anxiety Disorder at 3 to 28 percent, panic disorder at 4 to 17 percent, and
obsessive-compulsive disorder at 2 to 15 percent (Moore et al. 2006).

Posttraumatic Stress Disorder

Individuals diagnosed with PTSD reexperience unwanted and disturbing memories asso-
ciated with a trauma. To cope, these individuals avoid thinking about the event or experience
psychic numbness, often vacillating between emotional numbing and distress in response to
reexperiencing symptoms. PTSD is also characterized by increased arousal, which may manifest
as hypervigilance, irritability, impaired concentration, exaggerated startle response, and sleep
disturbance (Sayer et al. 2009). Sleep issues, cognitive problems, or emotional issues associated
with PTSD may negatively impact one’s ability to cope with effects of TBI (Lew et al. 2009).
The prevalence of PTSD as a comorbid condition is higher in military TBI than in civilian TBI.
Furthermore, a lack of research exists concerning how comorbid PTSD affects veterans and ser-
vice members who have sustained mild, blast-related TBI.

A Rand report released in 2008 included survey results on previously deployed service mem-
bers with TBI from Operation Enduring Freedom (OEF) in Afghanistan, and Operation Iraqi
Freedom (OIF) in Iraq (Adamson et al. 2008). The report found that one-third of study partici-
pants “met criteria for probable PTSD” (Adamson et al. 2008). This strong association between
TBI with PTSD was also reflected in a study of recently returned infantry soldiers, which shows
that 43.9 percent of the infantry soldiers experienced PTSD symptoms after a loss of conscious-
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ness due to TBI, compared to 27.3 percent after an altered mental state, 16.2 percent with other
injuries, and 9.1 percent with no reported injuries (Hoge et al. 2008). Civilians may also expe-
rience PTSD associated with TBI, due to terrifying circumstances that may lead to an injury,
such as a motor vehicle accident or assault. Studies have reported varying frequencies of connec-
tion between TBI and comorbid PTSD, ranging from 20 percent of individuals (Bryant & Harvey
1999) to 84 percent (Feinstein et al. 2000). While the relationship between PTSD and TBI se-
verity has not yet been well studied, TBI severity appears to have a role in PTSD diagnosis. In
civilians and military members, the prevalence of PTSD is higher in patients with milder injuries
(Adamson et al. 2008; Hoge et al. 2008). Patients with more severe TBI show less risk of devel-
oping symptoms consistent with a PTSD diagnosis (Zatzick et al. 2010), possibly due to more
prolonged periods of unconsciousness following the trauma.

Substance Use Disorders

Substance use disorders commonly occur among adults who have experienced a TBI. Sub-
stance abuse and dependence after TBI can complicate individuals’ efforts to successfully recov-
er from their injury, particularly in the areas of employment and social reintegration. A cross-
sectional study of substance abuse program participants reported that 10 to 20 percent of individ-
uals with TBI, with no preinjury substance abuse issues, were substance abusers after their inju-
ries (Corrigan et al. 1995et al.). Other studies reveal a different story; possibly due to differences
in study design or patient populations. For example, several longitudinal studies of individuals
with no preinjury history of substance abuse rarely develop alcohol or drug use problems after
TBI (Bombardier et al. 2003; Kreutzer et al. 1996; Ponsford et al. 2007). These studies report
that less than 10 percent of participants became substance abusers after TBI.

SUDs can be both a cause and effect of TBI. Alcohol and illicit drug use in civilian popula-
tions represents a risk factor for TBI, primarily through accidents or acts of violence. However,
service members deployed in OEF and OIF have limited access to alcohol and illicit drugs; thus,
use of these substances the time of injury is uncommon (Warden, 2006). However, substance use
as a comorbid condition with TBI has been associated with military discharge. Compared with
all those discharged from the military, people with mild TBI were more than two times as likely
to be discharged for alcohol, drugs, or criminal convictions, and people with moderate TBI were
about five times more likely to be discharged for alcohol or drug problems (Ommaya et al.
1996). Patients with more severe brain injuries who were substance abusers preinjury may have a
period of abstinence in the immediate postinjury period, but many survivors return to preinjury
use levels at 2 years from injury (Corrigan et al. 1995).

Other Comorbid Conditions

Other conditions associated with TBI that may adversely affect treatment success, especially
when the injury is more severe, include lack of awareness, agitation, aggression, disinhibition,
and apathy (Flashman and McAllister, 2002; Kim, 2002; Ciurli et al. 2011). Other comorbid
conditions particularly relevant to service members are those commonly associated with blast
injuries, which can include physical injuries to the musculoskeletal system (including amputation
and fracture), soft tissue, oral/maxillofacial areas, auditory, and visual systems (Sayer et al.
2009). Fatigue, pain, and sleep disturbance are especially common conditions in service mem-
bers or veterans who experience TBI, and these conditions are likely to affect an individual’s
participation in rehabilitation (DVBIC, 2010).
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Fatigue

Fatigue is a common complicating condition following TBI and is prevalent even months fol-
lowing injury (Ziino and Ponsford, 2005; Belmont et al. 2006; Lundin et al. 2006a, 2006b). Fati-
gue is generally defined as a feeling of physical or mental exhaustion, tiredness, or weakness. It
is highly interrelated with other conditions, such as sleep disturbance or depression, but these are
often patient-specific correlations. Furthermore, after TBI, physical fatigue is more prevalent and
severe than fatigue based on depression, pain, or sleep disturbance (Cantor et al. 2008). Fatigue
may deter a person’s active participation in rehabilitation activities, and therefore, may mediate
response to CRT; however, these connections have not been studied extensively.

Pain

The co-occurrence of TBI and pain is common and may arise from cognitive and physical
trauma often experienced with more severe injuries, or changes in brain functioning that affect
sensory and motor functioning and, perhaps, perception of pain stimuli (Sherman et al. 2006).
Following TBI, frequently reported locations of pain include the head, back, legs, and shoulders.
Headaches alone are one of the most common symptoms after TBI, affecting more than 30 per-
cent of the population and often continuing long after injury (Model Systems Knowledge
Translation Center, 2011). Pain, including headaches, may be referred to as chronic if it persists
for an extended period of time (i.e., 3 to 6 months or more). Chronic pain is often associated with
other problems, including functional disability, psychological distress, litigation/compensation
issues, and family discord and vocational issues (Lew et al. 2009). A recent metaanalysis consi-
dering only veteran populations with TBI found a 43.1 percent prevalence of reported pain
(Nampiaparampil, 2008). In addition, pain and PTSD are often intertwined, as a chronic pain
flare-up may generate PTSD-related thoughts and PTSD symptoms such as hyperarousal may
increase pain intensity (Lew et al. 2009).

Sleep Disturbance

Diagnosed sleep disorders following TBI include excessive daytime sleepiness, hypersomnia,
insomnia, and parasomnia and circadian rhythm alterations, such as delayed sleep phase syn-
drome and irregular sleep—wake pattern (Ayalon et al. 2007; Baumann et al. 2007). Previous re-
search has shown that among brain-injured adults, sleep disturbance causes daytime sleepiness,
fatigue, poorer levels of overall functioning (Verma et al. 2007), and a lack of necessary quality
sleep. For patients recovering from TBI, lack of quality sleep can exacerbate symptoms such as
pain, irritability, and cognitive deficits (Ouellet and Morin, 2007).

Insomnia is common following TBI and has been reported in frequencies from 3 to 84 per-
cent of TBI patients (Zeitzer et al. 2009). The cause of insomnia following TBI can be direct
(e.g., secondary to neural damage), indirect (e.g., secondary to depression), or unrelated, though
still present. Population-based studies indicate that insomnia occurs in approximately 40 percent
of individuals with TBI of any severity and is often the most prevalent somatic complaint
(Schwab et al. 2007). Sleep apnea (i.e., sleep-disordered breathing), a prevalent disorder in the
general population, has been reported to be present in about half of the U.S. Department of Vet-
erans Affairs (VA) TBI patient population (Zeitzer et al. 2009).
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Treatment Options for Pre- and Comorbid Conditions

Many treatment options are available for the preinjury conditions and comorbidities de-
scribed in this chapter. Of particular concern is these factors’ potential influence on or interfe-
rence with CRT. In addressing the needs of the whole person for optimal outcome, the presence
of pre- or comorbid conditions requires optimal coordination of treatments to address psychiatric
or physical conditions in addition to cognitive impairments. Treatment coordination may include
sequential versus concurrent treatment, or separate versus integrated approaches. For example,
addressing PTSD symptoms first may enhance later response to CRT interventions for attention
deficits, because the individual will be less distracted by psychological symptoms during rehabil-
itation. Likewise, one study showed improved cognitive function in patients treated for major
depressive disorder Herrera-Guzman et al. 2010). Although the study did not include TBI partic-
ipants, the relationship between treatment for psychological disorders and cognitive function
may warrant future study.

Medications are commonly prescribed to treat a range of physical or psychological symp-
toms. Medications that have a sedating effect or other adverse effect on cognition may affect the
individual’s attention and ability to participate in CRT. However, a lack of extensive data exists
on this issue. In addition to pharmacologic treatment, cognitive behavioral therapy, a form of
psychotherapy, is commonly used to treat psychological conditions such as depression or PTSD
(Foa et al. 2009). A previous Institute of Medicine (IOM) report evaluating PTSD interventions
found sufficient evidence to support the effectiveness of exposure-based interventions, of which
cognitive behavioral therapy is one (IOM, 2008). As described in Chapter 4, cognitive behavioral
therapy is distinct from CRT in both the target of the intervention and the specific intervention
components. Cognitive behavioral therapy for PTSD typically consists of four basic components:
psychoeducation, imaginal or in vivo exposure to the trauma or feared stimuli, reappraisal of dis-
torted beliefs and thoughts, and anxiety management training (Harvey et al. 2003). Cognitive be-
havioral therapy interventions are designated as a first-line strategy for mental health specialty
treatment of PTSD within the VA/Department of Defense (DoD) Clinical Practice Guidelines for
Management of Posttraumatic Stress (VA/DoD, 2010) and by several other professional and
scientific organizations.

CONTEXTUAL FACTORS

In addition to preexisting and comorbid conditions, relevant contextual factors (e.g., social
environment) may influence the path to recovery from TBI. Social and family support can influ-
ence treatment outcome. In addition, compensation and disability status or application (e.g.,
through workman’s compensation, disability insurance, or litigation), have been shown to create
patterns of symptom reporting among TBI populations. Finally, contextual conditions such as
deployment and subsequent return home are important for military populations.

Family and Social Support

Family members and significant others play a key role in the recovery of adults with TBI. A
key social-environmental factor that can affect the recovery process and outcome is family func-
tioning, as families are often partners in the rehabilitation process and can play a role in goal
planning and generalization of skills and knowledge to the home setting (Levack et al. 2009).
Successful rehabilitation requires family cooperation in a variety of areas such as transportation,
finances, leisure, and emotional support (Jacobs, 1988). From a health care systems perspective,
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family members or caregivers provide a large portion of the care needed to help adults with TBI
function on a daily basis. Family functioning has been associated with greater improvement in
people with TBI, including improvement in overall disability, level of functioning, and employa-
bility. On the other hand, family stress and unhealthy family communication and roles can hinder
the rehabilitation process (Sander et al, 2002). Holistic approaches to CRT often include some
family interventions, which could include educational, skill-building, and psychological support
components. The results of the few family-intervention studies, while mixed in their conclusions,
have reported such benefits to families as a greater number of needs being met, a perception of
fewer obstacles to receiving services posttreatment (Kreutzer et al. 2009), improvement in psy-
chological distress (Brown et al. 1999; Sinnakraruppan and Williams, 1991), reduced burden,
improved satisfaction with caregiving, and increased perception of caregiving competency (Al-
bert et al. 2002). However, use of effective problem solving and coping strategies by the family
was related to lower levels of depression for the person with TBI (Leach et al. 1994).

Disability Status or Compensation-Seeking Behavior

Compensation-seeking behavior or litigation has been shown to impact recovery rates and
symptom patterns. The majority of studies on this topic indicate that TBI survivors actively en-
gaged in litigation report more postconcussional symptoms (versus nonlitigants). Compensation
seekers or litigants experience longer-lasting symptoms, which may result in delayed work return
and higher levels of psychological stress (possibly due to the injury, unresolved financial issues,
or both) (Cook, 1972; Blanchard et al. 1998; Feinstein et al. 2001; Miller, 2001; Paniak et al.
2002; Wood and Rutterford, 2006).

Deployment and Postdeployment Factors

In a war zone, individuals are exposed to a number of factors that can influence physical and
emotional health. Among the most salient of these exposures are physical trauma and psycholog-
ical stressors or trauma. Physical trauma can lead not only to TBI, but also to other bodily inju-
ries. Psychological trauma can result in a broad array of adverse outcomes including, but not li-
mited to, PTSD and depression. Moreover, physical trauma can be associated with adverse
psychological consequences, and psychological trauma can have physical symptoms. War-zone
stress exposures may be particularly potent, as they are not typically limited to a single trauma.
The co-occurrence of trauma to multiple body systems is often referred to as polytrauma (see
Chapter 2 for more details on polytrauma). Furthermore, physically traumatic events are often
embedded within a larger context, including exposure to psychological trauma, and service
members are exposed to these types of recurring and relentless life-threatening events for ex-
tended periods of time (Vasterling et al. 2009).

In addition to direct combat exposure, stressors unique to military personnel within a war
zone include episodes of extreme fear, exposure to the terrifying consequences of contemporary
warfare, the lack of contemporary amenities and the comforts of daily life, and periods of bore-
dom (King et al. 2008). Concerns about events at home may increase stress levels for deployed
service members, and difficulties experienced during the transition from the war zone to home
life may also increase the level of psychological distress (Vasterling et al. 2010). Combining TBI
with repeated exposure to extreme stress and prolonged displacement from family, home, and
community can cause interactive psychiatric and neurological disorders. Although most service
members readjust successfully to their predeployment lives, an estimated 26 percent of troops
develop postdeployment mental health conditions such as depression and anxiety disorders
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(Adamson et al. 2008). A 2006 survey assessed the health of more than 200,000 active duty ser-
vice members and veterans from the Army and Marine Corps (Hoge et al. 2006). The study
found that approximately 20 percent of active duty service members screened positive for one
mental health condition, and 31 percent of veterans had at least one outpatient mental health care
visit within the first year after returning home from Iraq or Afghanistan (Hoge et al.2006). Ac-
cording to a recent report screening service members returning from combat, among those that
screened positive for TBI, 33.8 percent screened positive for PTSD and 31.8 percent screened
positive for depression (Adamson et al. 2008). Many of these deployment and postdeployment
factors have the potential to influence the success of rehabilitation.

CONCLUSION

The factors described in this chapter may moderate an individual’s response to CRT. Fur-
thermore, preinjury conditions, comorbidities, or environmental features may differ between ci-
vilian and military populations with TBI. Preinjury depression and anxiety disorders may be
present and contribute to persistent symptoms for anyone with TBI. However, more severe prein-
jury psychiatric disorders or substance abuse may be more common in civilians due to screening
procedures used by the military. Depression is a common comorbid condition in both civilian
and military TBI. In contrast, PTSD is far more prevalent after blast-related TBI, and service
members are more frequently exposed to blasts than civilians. Although social support and other
environmental factors should be considered in both civilian and military situations, the stressors
associated with combat and deployment are typically more adverse than what is experienced in
civilian life.

Unfortunately, published literature evaluating how these factors may affect response to CRT
is sparse. Clinical trials of CRT have not consistently reported the frequency of these conditions
among study participants, nor have these studies consistently controlled for conditions that could
ostensibly interfere with treatment response. Even with limitations in knowledge, rehabilitation
professionals must consider these potential conditions when planning treatment programs for pa-
tients with TBI. Likewise, future research on the benefit of CRT interventions for TBI may plan
for these issues, which may benefit continued development and understanding of CRT and its
ability to treat whole-person functioning. Chapter 14 of this report includes specific directions
regarding these issues.
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Chapter 4

Defining Cognitive Rehabilitation Therapy

In the early part of the 20th century, improvements and advancements in medical care, pro-
tective gear, evacuation procedures, and early stabilization in the field began to contribute to the
increased survival of brain injured soldiers, enabling even severely injured individuals to survive
and attempt to recover from brain injuries. To enhance recovery of brain injury survivors, clini-
cians and researchers saw the need to provide cognitive as well as physical rehabilitation. They
developed a range of therapies for patients with nontraumatic brain injury, such as stroke, that
causes language (aphasia) or visuospatial skill impairments. Likewise, for traumatic brain injury
(TBI), clinicians and researchers developed a range of therapies for attention, memory, and ex-
ecutive function impairments; treatments for social and behavioral problems; and programs for
adjusting to disability.

THE BREADTH OF REHABILITATION

In broad terms, rehabilitation principally focuses on the enhancement of human functioning
and quality of life. In contrast, other branches of health care focus primarily on prevention and
treatment of disease. Rehabilitation accepts the complex correspondence between disease and the
ability to function: a disease may be eradicated while disability remains; disability can be re-
duced in the face of permanent injury or chronic disease. Rehabilitation is often considered in
regard to improving physical disabilities. For a person with paralysis, rehabilitation might ex-
amine whether the individual’s strength could be improved through exercise, whether the ten-
dons of nonparalyzed muscles could be surgically transferred to a mechanically useful site,
whether braces or a wheelchair might allow the person to navigate the community despite the
paralysis, and even whether architectural modifications, urban planning, or transportation servic-
es could help overcome barriers to mobility. The treatment interventions used in physical reha-
bilitation include traditional drug and surgical treatments, as well as physical exercise, technolo-
gy (e.g., braces, wheelchairs), skill training (e.g., learning how to use a wheelchair), and social
policies and services (e.g., accessible transportation).

However, rehabilitation is not limited to improving physical disability. Cognitive rehabilita-
tion attempts to enhance functioning and independence in patients with cognitive impairments as
a result of brain damage or disease, most commonly following TBI or stroke. As with physical
rehabilitation, cognitive rehabilitation may include interventions that aim to lessen impairments,
or interventions that aim to /essen the disabling impact of those impairments. Interventions are
applied through technology and other compensatory strategies that may allow the individual with
cognitive impairment to accomplish important life activities and more fully participate in society.

4-1
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Cognitive rehabilitation therapy (CRT) may sometimes be confused with cognitive beha-
vioral therapy. It is important to distinguish between the two. While not mutually exclusive and
sometimes delivered conjointly, these two therapies are certainly separate and distinct, differing
in both treatment goals and techniques. CRT is used to rehabilitate thinking skills (e.g., attention,
memory), impaired by a brain injury. Cognitive behavioral therapy is commonly used for a varie-
ty of emotional and psychiatric disorders, including mood, anxiety, and psychotic disorders, as
well as sleep disturbance and chronic pain. Cognitive behavioral therapy typically centers on
modifying maladaptive thoughts and emotional behaviors and using psychoeducation regarding
symptoms and expectations for recovery. The latter technique also may be a component of CRT.
Cognitive behavioral therapy includes training in anxiety management and how to recognize and
reappraise distorted negative thoughts, and, for some disorders, exposure to anxiety-provoking or
distressing stimuli with the intent of forming new adaptive emotional associations with the
feared stimuli. The 2008 Institute of Medicine (IOM) report, Treatment of Posttraumatic Stress
Disorder: An Assessment of the Evidence, provides a more comprehensive description of cogni-
tive behavioral therapy.

The breadth of treatments included in CRT mirrors that of the World Health Organization’s
International Classification of Functioning, Disability, and Health (WHO-ICF). As described in
Chapter 1, the WHO-ICF framework recognizes impairments in body structures and functions
(e.g., impaired memory) as a result of disease or injury, and limitations in activities and partici-
pation, 1.e., the ability to carry out important daily activities (e.g., remembering weekly appoint-
ments) and the ability to participate in society (e.g., employment, home, school, or community).
Activity and participation limitations result when the person with the impairment(s) interacts
with the physical and social environment. For example, an individual with TBI may have diffi-
culty learning and remembering new information. With repeated training, the individual may be
able learn some basic routines, such as writing appointments and other important information
down in a daily planner and consulting it frequently. These routines enable the person keep track
of a schedule and other important tasks despite memory impairment. Several professional organ-
izations endorse the use of the WHO-ICF for characterizing CRT, including the American Occu-
pational Therapy Association, the American Physical Therapy Association, and the American
Speech-Language-Hearing Association (American Physical Therapy Association, 2003;
American Speech-Language-Hearing Association, 2003b; American Occupational Therapy
Association, 2011).

AN EVOLVING DEFINITION OF CRT

Specific cognitive and communication needs of patients with brain injury propelled the paral-
lel development of CRT within multiple professional disciplines, including clinical psychology,
neuropsychology, speech-language pathology, occupational therapy, physical therapy, and phy-
siatry (i.e., rehabilitation medicine) (Prigatano, 2005). Collaboration with academic colleagues in
other disciplines such as cognitive psychology also occurred. The various disciplines share a
common goal: each intends to help patients with cognitive impairments function more fully, ei-
ther by focusing on the impairment itself or the activities affected by the impairment (as de-
scribed by the WHO-ICF framework). Chapter 5 provides full descriptions of the disciplines and
providers of CRT, and their approaches to treatment.

The heterogeneity of the possible interventions makes it challenging to narrowly define the
concept of CRT, or how to effectively apply it, challenging. Current definitions of CRT focus on
the intention to improve or accommodate one or more impaired cognitive functions, rather than
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TABLE 4-1 Definitions of Cognitive Rehabilitation Therapy by Organization

Organization Definition
Brain Injury Association of “Cognitive rehabilitation is a systematically applied set of medical and the-
America rapeutic services designed to improve cognitive functioning and participa-

tion in activities that may be affected by difficulties in one or more cognitive
domains...Cognitive rehabilitation is often part of comprehensive interdis-
ciplinary programs” (Katz et al. 2006)

Brain Injury Interdisciplinary “Cognitive rehabilitation is a systematic, functionally oriented service of
Special Interest Group (BI-ISIG) | therapeutic cognitive activities, based on an assessment and understanding
of the person’s brain-behavior deficits. Services are directed to achieve func-
tional changes by 1) reinforcing, strengthening, or reestablishing previously
learned patterns of behavior, or 2) establishing new patterns of cognitive
activity or compensatory mechanisms for impaired neurological systems”
(Harley et al. 1992)

U.S. Veterans Administration “Cognitive rehabilitation is one component of a comprehensive brain injury
(VA) rehabilitation program. It focuses not only on the specific cognitive deficits
of the individual with brain injury, but also on their impact on social, com-
munication, behavior, and academic/vocational performance. Some of the
interventions used in cognitive rehabilitation include modeling, guided prac-
tice, distributed practice, errorless learning, direct instruction with feedback,
paper-and-pencil tasks, communication skills, computer-assisted retraining
programs, and use of memory aids. The interventions can be provided on a
one-on-one basis or in a small group setting” (Benedict et al. 2010)

on the contents or active ingredients of treatment. Intentional definitions can limit the interpreta-
tion of CRT evidence since treatment efficacy and effectiveness depend more on the contents
and processes of treatment than the intention of the clinician providing it. Table 4-1 includes as-
sembled definitions of CRT based on intent.

The most commonly referenced definition of CRT is interdisciplinary, endorsed by the Brain
Injury Interdisciplinary Special Interest Group (BI-ISIG) of the American Congress of Rehabili-
tation Medicine (ACRM). This description allows for comprehensive, interdisciplinary rehabili-
tation programs with interventions to restore or reorganize function, compensate for impaired
function through new cognitive patterns or external devices, and enable individuals to adapt to
their new level of functioning. CRT may target specific cognitive domains (e.g., attention, rea-
soning, planning), and may be delivered in various contexts.

Differences across definitions of CRT are based on theoretical differences regarding the un-
derlying cognitive mechanisms that result in behavioral changes. The Brain Injury Association of
America, the largest U.S. advocacy organization for individuals with brain injury, summarizes
this issue: “Theoretical models of cognitive rehabilitation vary along several different dimen-
sions. Treatments may be process specific, focused on improving a particular cognitive domain
such as attention, memory, language, or executive functions. Alternatively, treatments may be
skill-based, aimed at improving performance of particular activities. The overall goal may be res-
toring function in a cognitive domain or set of domains or teaching compensatory strategies to
overcome domain specific problems, improving performance of a specific activity, or generaliz-
ing to multiple activities” (Katz et al. 2006).
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CRT Attributes

This section includes descriptions of the key distinctions within CRT, which may be useful in
clarifying the contents of treatment and analyzing efficacy for different types of patients. These
dichotomies include modular versus comprehensive, restorative versus compensatory, and con-
textualized versus decontextualized treatments. These dichotomies are not mutually exclusive
categories by which to classify CRT treatments; they serve as important distinctions at under-
standing underlying cognitive processes and ways providers have attempted to treat cognitive
deficits. These approaches to CRT evolved somewhat differently, from different philosophical
perspectives and for different purposes, such as treating focal versus diffuse injuries, although
considerable overlap exists. Focal brain injuries, such as stroke or brain tumors, may result in
one or a small number of cognitive impairments and largely spare other cognitive processes. In
contrast, diffuse (i.e., multifocal) brain injuries resulting from trauma often result in multiple
cognitive and behavioral impairments. Hence, an emphasis on interdisciplinary CRT for individ-
uals with TBI is warranted.

Modular versus Comprehensive Treatments

In modular models of CRT, treatments are generally aimed at a single cognitive impairment,
such as memory (“memory remediation”) or language (“aphasia therapy”). Such treatments,
when delivered alone, might be expected to enhance activities and participation most effectively
in patients with a single or predominant impairment (i.e., patients with a more focal impairment).
In contrast, patients with multiple impairments (i.e., deficits in attention and memory, along with
impulsivity and depression) may receive a comprehensive program also referred to as “holistic,”
“multi-modal,” or “neuropsychological rehabilitation.” Comprehensive programs typically con-
tain a mix of modular treatments that target specific cognitive impairments, treatments that ad-
dress self-awareness of the impact of cognitive deficits, and individual or group therapies that
facilitate coping with residual deficits and their social consequences. For example, a comprehen-
sive program for patients with moderate or severe TBI might begin with a comprehensive neu-
ropsychological assessment, along with a patient and family interview of current difficulties in
activities, social behavior, and mood. From this assessment, certain patient-specific modules
might be selected. Consider a female patient who frequently becomes stalled in complex tasks
and often forgets appointments and commitments. She might receive specific individualized
treatment focusing on task-related problem solving, along with training in the effective use of a
daily planner. In addition, she might participate in daily group discussions with other patients
about the ways in which their lives have changed; group members receive feedback and support
for their attempts to cope with and adapt to those life changes. She might also receive individual
psychotherapy to address depression, along with periodic joint sessions with her husband to help
him understand the sources of her unreliability as well as address his own sense of the loss of his
familiar partner. Specific adaptations of CRT for patients with TBI reflect the domains most
commonly impaired, notably attention, memory, social communication, and executive function.
Figures 4-1 and 4-2 illustrate the differences and overlap in these dichotomies.
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FIGURE 4-1 Model for Modular CRT
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Restorative versus Compensatory Treatments

Restorative treatments are aimed directly at improving, strengthening, or normalizing specif-
ic impaired cognitive functions. Such treatments frequently have an “exercise-like” aspect in that
they may involve intensive and repetitive use of a particular cognitive process while gradually
increasing the level of difficulty or the processing demands. Patients with attention deficits may,
for example, be provided with a series of computer tasks that require detection of targets on the
screen at an increasing pace. Such tasks may increase in difficulty along a number of dimensions
(e.g., pacing, to focus on speeded processing, or task duration, to focus on sustained attention),
and the difficulty along each dimension increases as performance improves.

Compensatory treatments, in contrast, seek to provide alternative strategies for carrying out
important activities of daily living despite residual cognitive impairment. The compensations
may be internal, as when a person with memory impairment learns mental strategies for organiz-
ing material for better recall (e.g., learning to group items to be remembered in categories as an
aide to retrieval), or external, as when such a person adopts the use of electronic reminder tech-
nology. Compensatory treatments are typically more tailored to specific needs of the individual,
to the person’s willingness to use the strategy, and to the demands of specific activities. For ex-
ample, strategies for remembering a list of groceries are likely to differ from strategies for retain-
ing class material at school. In both cases, writing may be used (a grocery list versus taking
notes), but the form may differ. Paper and pencil may be sufficient for a grocery list, but taking
notes may need to be supplemented by audio recordings of the lecture.

There is debate over whether true restoration ever occurs or whether the behavioral im-
provements simply become more like the norm and thus, less visible. Because there is no “win-
dow into the brain,” it is difficult to determine if restoration of a cognitive process is possible.
The ability to translate a treatment task to real-world applications is largely dependent on the cir-
cumstances of the individual with cognitive deficits. The lure of restorative approaches is that, if
effective, they could impact a broad range of activities affected by the same impairment. For ex-
ample, if attention capacity can truly be restored, then all of the activities suffering from inatten-
tion would likely improve. Compensatory strategies tend to be designed around important activi-
ties rather than around the impairment itself and, therefore, tend to be more local solutions.
However, the impact of compensatory strategies may be more visible, since task accomplishment
serves as direct evidence of the success of the strategy.

Contextualized versus Decontextualized Treatments

CRT interventions also differ in the degree to which they take place in the real world or use
materials and tasks from the patient’s everyday life. Decontextualized assessment and treatment
targets specific cognitive processes often using artificial treatment tasks, such as pressing a key
when a computer presents a number but not a letter. This artificial task attempts to enhance atten-
tion. Another artificial task is repeating words in lists of increasing length in attempt to improve
working memory span. Decontextualized approaches provide more opportunity for pure manipu-
lation of a single dimension, on the assumption that specific cognitive processes can be isolated
and treated somewhat independently from each other. However, attempting to train attention dur-
ing a cooking task may reveal obstacles related to manual coordination in slicing and chopping,
planning and sequencing of the cooking steps, and reading the instructions (Adamovich, 1998;
Sohlberg and Mateer, 2001).
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Contextualized therapy addresses cognitive impairments as they disrupt activities and skills
in various milieus (Hartley, 1995; Ylvisaker and Feeney, 1998; American Speech-Language-
Hearing Association, 2003a). For example, a contextualized treatment may include a focus on
driving to observe the occasions in which the patient appears to be distracted from the driving
task, allowing for an opportunity to provide specific feedback about how to manage these diffi-
culties (e.g., “When you approach an intersection, you should stop talking to your passenger.”).
It has been argued that contextualized treatments that occur within a familiar environment, or
deal with personally important tasks, are likely to enhance motivation for treatment, improve
self-awareness of strengths and weaknesses, and ensure that the strategies learned are applicable
to the patient’s personal situation. However, such treatments are more cumbersome to deliver
than those based on standardized materials that can be delivered in a clinic or office.

Contextualized treatments also are more difficult to evaluate, standardize, and disseminate
because doing so requires the therapist to have the skills necessary to design and execute them,
and generally requires more availability/effort from the patient. A decontextualized attention
training program can be a specific computer program with internal rules for task progression,
which is disseminated in standard form. In contrast, contextualized attention training would be
an approach to finding out what activities are most disrupted by inattention from the individual
patient, how to simplify those activities during training, and how to assess progress.

Application of CRT Attributes

Attributes of CRT are not mutually exclusive options, and various attributes can be combined
in a multitude of ways. Modular treatments, for example, can be aimed at either restoration or
compensation. One treatment might consist of a hierarchical set of “attention exercises” designed
to strengthen attentional capacities. Alternatively, one might provide compensations such as un-
predictable auditory tones to alert an inattentive patient, training the patient to ask a speaker to
repeat a point, or having the patient work in a quiet environment. Comprehensive programs may
contain a mix of both restorative and compensatory treatment types. Modular treatments can also
be either contextualized or decontextualized. As noted, modular treatments aimed at restoration,
in particular, are likely to be decontextualized, in that they may seek to abstract the essence of a
cognitive process from its natural context to more tightly focus the treatment. Compensatory
modular treatments, however, such as training in memory strategies, are often applied to the real-
world activities the patient faces.

Implications of CRT Attributes on Treatment and Research

Practitioners and researchers acknowledge that the ultimate goal of treatment should be func-
tionally meaningful improvements in the patient (i.e., activities, participation, or quality of life),
and there may be many approaches to reaching this goal (Sohlberg and Mateer, 2001). A one-
size-fits-all method of treatment may not be effective because of the heterogeneity of injuries,
differences in premorbid personal, social, and environmental circumstances, and differences in
the activities of importance to individual patients. Heterogeneity of TBI further complicates stu-
dies of CRT impact and may mask benefit in subgroups that the study cannot detect due to small
sample size or other limitations in study design.

In general, CRT attributes may shape expectations about the types of possible treatment out-
comes and the types of patients most likely to benefit, and therefore may be useful for clinical
reasoning; however, rehabilitation professionals often use a variety of therapy approaches, pro-
viding interventions that target activities and participation while systematically addressing the
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underlying cognitive impairment(s). For example, individuals may benefit from intensive prac-
tice of memory encoding strategies (modular, decontextualized, compensatory) to bolster re-
membering new information, while also practicing applying these strategies to various types of
material and in various contexts (modular, contextualized, compensatory). Alternatively, a mod-
ular treatment may not have substantial impact on activities and participation in a patient with
multiple impairments unless other coexisting cognitive and emotional factors are concurrently
addressed, as in a comprehensive program. Likewise, a contextualized, compensatory treatment
may not restore an underlying cognitive impairment or even impact behavior change in an envi-
ronment beyond where the strategy was taught.

These treatment attributes also affect the feasibility and design of research that might ad-
vance the evidence regarding CRT. For patients with multifocal or diffuse injuries, evaluation of
the effectiveness of CRT in terms of real clinical impact faces a particular challenge. Even highly
efficacious modular treatments may have impact on specific measures of the targeted impair-
ment, but may fail to show improvement in real-world activities, participation, or quality of life.
For example, if attention can be substantially improved in a patient who still has memory defi-
cits, difficulty solving problems, and inappropriate social behavior, this may have little impact on
employment or the development of social relationships. Comprehensive treatment programs, by
targeting multiple impairments as well as skills for coping with residual impairments, may have
more substantial life impact, but they provide no insight into the necessary or sufficient ingre-
dients for a successful treatment outcome.

These attributes also affect the experimental designs that are most applicable and feasible for
advancing the science of CRT. Specifically, modular restorative treatments are relatively amena-
ble to randomized controlled trials (RCTs). In an RCT, therapists can design similar appearing
treatments that differ in the active ingredients and deliver one treatment or the other at random to
research subjects. For example, to assess whether “continued attention deficits” is a critical atten-
tion challenge, a study may compare a program with static attention exercises with a progressive
program that advances with patient improvement.

RCTs involving comprehensive treatments are more difficult to design and execute, because
of the need to distill a multifaceted treatment, often individually tailored, into standard form. A
study evaluating comprehensive treatment programs ideally will include a manual specifying the
rules that link assessment to selection of specific treatment elements, and how those elements
will be advanced or tailored to individual performance. It is difficult to deliver a control treat-
ment in this case, since plausible but inert treatments of a compensatory nature are modified to
the person or environment and are more likely to be tailored to each patient’s specific task priori-
ties. Furthermore, such treatment programs are expensive to provide without clinical revenue,
which would preclude intentionally designing an ineffective comparison treatment.

CONCLUSION

CRT is an umbrella term for a group of interventions that are used to support or ameliorate
cognitive impairments, as well as the changes that occur in everyday functioning as a result of
these impairments. Patients with TBI often have multiple identifiable cognitive impairments,
coupled with mood or other behavioral disturbances, a reduced awareness of their own cognitive
and behavioral limitations, and reductions in social competence. Although some patients with
isolated impairments may achieve substantial treatment benefits in terms of activities and partic-
ipation from treatment of a single deficit, others may require a combination of treatments aimed
at multiple problems to achieve comparable outcomes. The heterogeneous array of treatments
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available, as well as the lack of a unified theoretical framework for defining and quantifying
them, makes definitive evaluation of their effectiveness particularly challenging.
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Chapter 5

State of Practice and Providers
of Cognitive Rehabilitation Therapy

The multi-faceted nature of cognitive rehabilitation therapy (CRT) means there is no standar-
dized nomenclature for clinical practice. Providers in various disciplines aim to improve their
patients’ cognitive functions to strengthen performance in daily activities, communication, or
more complex activities at work or school. CRT is often described according to the intended out-
come of treatment (e.g., improved memory or attention to tasks) or by the method or provider
delivering the therapy. For practical purposes, CRT does not differ from occupational therapy,
speech-language-pathology, and physical therapy when these treatments intend to reduce or
compensate for an underlying cognitive disorder. Therefore, the committee concluded that these
types of therapy sessions, when conducted to ameliorate deficits for patients with cognitive im-
pairment, meet the definition of CRT.

STATE OF PRACTICE

Rehabilitation practice in the United States is affected by health care and related policies.
Rehabilitation professionals regard therapy as a means to improve the lives of individuals with
disabilities, and thus, aid their return to active participation within family and social lives, com-
munities, and work. Increased awareness of traumatic brain injury (TBI) and related cognitive
deficits has promoted the rehabilitation needs of cognitively impaired individuals. At the same
time, rising health care costs mean long-term rehabilitation programs are reduced, leading to
shorter in-patient stays and condensed outpatient programs (Sohlberg and Mateer, 1989). Provid-
ers adjust and modify programs to target outcomes as effectively and efficiently as possible,
while constrained by reduced health care funds and time with the patient.

The Role of Families

Family members, dedicated caretakers, or paraprofessionals provide an important support
system to individuals with cognitive or behavioral deficits due to TBI, as discussed in Chapter 3.
This support system also plays an important role in the rehabilitation process (Sohlberg & Ma-
teer 2001). The changed cognitive or behavioral functioning caused by brain injury not only af-
fects the injured individual, but also places enormous demands on families. Emotional stress,
perceived burdens of caretaking, and disrupted family functioning as well as unmet needs of oth-
er members of the family, may contribute to unhealthy family communication or functioning.

Because rising health care costs and the costly nature of neurorehabilitation have led to
shorter inpatient stays, outpatient rehabilitation is an important component of therapy, one that
relies on a support person for the injured individual (Galvin 1998; Sander et al. 2002). Successful
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rehabilitation requires cooperation, participation, and encouragement from the patient’s support
network for success; ongoing activities may include providing transportation, monitoring or
maintaining finances, implementing leisure activities, providing emotional support, and reinforc-
ing newly learned behaviors to compensate for brain injury-related deficits (Jacobs, 1988). Long-
term treatment efforts require collaboration among the providers, their clients, and the clients’
families (Levack et al. 2009). Garnering family support throughout the treatment process cap-
tures a unique resource to maintain treatment effects, provide generalization from clinical appli-
cations to real-life situations, and facilitate ongoing recovery (Kreutzer et al. 2003; Malec et al.
1993). These partnerships can help ensure realistic treatment goals considering the expertise,
needs, and concerns of client and family (Sohlberg & Mateer 2001).

Family stress and unhealthy family communication and roles can hinder the rehabilitation
process; potential barriers arise to successful rehabilitation outcome when a family member does
not align with treatment goals or objectives of the entire team (i.e., patient, clinician, and family)
(Sander et al, 2002; Levack et al. 2009). Constructive family functioning has been associated
with greater improvement in persons with TBI, lessening overall disability and increasing em-
ployability. Ideally, family members or caretakers act as facilitators to the brain-injured individ-
ual’s care and recovery. Evaluations of CRT interventions sometimes include or require a family
member or caregiver to participate in the study, because of the unique capability of caregivers to
help translate clinical practices to real-world applications. For example, a provider may demon-
strate use of a journal or notebook to help an individual with a memory deficit stay on schedule;
the provider also instructs the family member to provide prompts for use of the reminder note-
book at home. Clinicians provide educational, skill-building, and psychological support compo-
nents to the family as well as the patient. Results of a few studies have reported benefits to fami-
lies such as:

e A greater number of met needs and perception of fewer obstacles to receiving servic-
es post-treatment (Kreutzer et al. 2009),

e Improvement in psychological distress (Brown et al. 1999; Sinnakaruppan, Downey,
& Morrison, 2005), and

e Reduced burden, improved satisfaction with care-giving and increased perception of
care-giving competency (Albert, Brenner, Smith, & Waxman, 2002).

Delivery of CRT

When, where, and how long CRT is provided are interrelated factors that vary depending on
the patient’s needs and means for participating in rehabilitation (e.g., willingness, affordability,
family support). Currently, depending on the severity of injury and the patient’s acute recovery,
CRT typically includes a wide range of therapeutic ingredients and is practiced by professionals
with specific expertise in different settings or environments. The current state of health care pro-
vision in the United States, with myriad payers for care, affects how patients receive care. Pa-
tients who would benefit from treatment, according to their physicians or ongoing research, may
not receive prescribed treatments due to limitations in payer plans. Furthermore, when treatment
is available, policies unique to individual payer plans may impact treatment type, timing and du-
ration of delivery, the setting in which the treatment is provided, and the professional who pro-
vides it. As such, payment policy may affect how treatment is labeled. When delivered by a
member of one of the disciplines described in this chapter, a treatment may be identified as
“speech therapy,” even though activities meet the definition of CRT. This may occur when
health benefits provide coverage for speech therapy but not CRT.
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Treatment approaches may include comprehensive inpatient or outpatient CRT programs,
outpatient CRT delivered by a sole practitioner or comprehensive CRT programs with multiple
providers working together on a team. The individual treatment ingredients of comprehensive,
interdisciplinary rehabilitation programs are not typically recorded. Therefore, ingredients deli-
vered through these programs are harder to quantify for comparison purposes than modular CRT,
which is more singularly focused, as described in the prior chapter. There is debate about when
and where to deliver CRT. Some advocate for early intervention, while others call for interven-
tion at more chronic recovery stages (Ben-Yishay and Diller, 1993). Most patients who receive
CRT do so as inpatients when their medical status has stabilized. Few patients receive CRT more
than 1 year after injury, even though spontaneous neurological recovery will have slowed by this
time, and patients are more likely to have better awareness of their limitations and abilities. The
timing of CRT is generally dictated by health payer policies, not by when the patient would ben-
efit most from such rehabilitation. Unfortunately, unlike the injury itself, which may be a single
discrete event, the effects of TBI may occur across time. Deficits associated with brain injury
may require treatment throughout the patient’s lifespan, which is in keeping with the World
Health Organization’s International Classification of Functioning and Disability (WHO-ICF) la-
bel of “chronic condition.” As patients’ conditions change (improve or decline) due to life transi-
tions (e.g., new job, new home, new city), new cognitive rehabilitation treatments may be re-
quired. This type of care is similar to the ongoing care provided to patients with other chronic
conditions, such as paralysis.

Inpatient Care

During acute, inpatient rehabilitation, professionals evaluate and treat patients’ cognitive and
communication abilities, functional daily activities, physical and mobility skills, and early psy-
chosocial well being. It is common for this early phase of CRT to aim to increase attention,
learning, and basic communication skills, while at the same time reduce disorientation, confu-
sion, and even agitation. Also during this phase, physiatry and rehabilitation nursing provide im-
portant medical care to patients, while social workers and psychologists provide support as fami-
lies and friends plan for discharge to the patient’s home or another facility.

Comprehensive, interdisciplinary inpatient CRT is provided to patients who have recovered
from moderate or severe injuries sufficiently to participate (e.g., 3 hours of therapy a day). Based
on their needs, patients receive a combination of restorative and compensatory CRT approaches
from various professionals on the rehabilitation team. For example, patients who are highly con-
fused and remain in posttraumatic amnesia (PTA) may receive reinforcement for using a simple
calendar that logs their daily routine (compensating for poor memory) and work on decontextua-
lized paper and pencil tasks aimed at improving their attention skills (restoring sustained atten-
tion).

Some comprehensive inpatient programs are specifically designed for patients who have se-
vere cognitive impairments that cause serious psychological or behavioral problems, including
aggressive and inappropriate behaviors, which are chronically disabling. These behaviors may
cause family crises and render caregivers unable to supervise the patient without the risk of in-
jury. While some patients may be transferred to these programs directly from an inpatient multi-
disciplinary CRT program, others are admitted after attempts by caregivers have failed at home.
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Outpatient Care

Most individuals with TBI continue to need CRT long after inpatient rehabilitation ends be-
cause they have not yet learned the full impact of cognitive deficits on their ability to function at
home, in the community, at work, or at school. While severity of injury predicts early and gener-
al recovery from TBI, the CRT services that patients receive later depend more on the amount of
cognitive recovery, the projected goals and capacity of the patients to eventually reach those
goals, and the nature of patients’ cognitive strengths and weaknesses.

After acute inpatient rehabilitation, CRT approaches vary and become even more individua-
lized as patient confusion subsides and attention and memory improve. Individuals who have a
combination of cognitive, psychological, or behavioral issues after TBI may participate in a
comprehensive, interdisciplinary outpatient program that “includes individual and group cogni-
tive rehabilitation, psychotherapy, psycho-education, and family therapy” (Tsaousides and Gor-
don, 2009). These patients typically are unable to reintegrate back into the community, find or
keep a job, or succeed in college or other training programs. They also may engage in illegal ac-
tivities and get in trouble with the law or cause family conflicts. Comprehensive outpatient or
day programs are typically for patients who are able to live in less restrictive environments or
who have family to care for daily needs. In these programs, providers not only help patients un-
derstand and accept limitations and deficits, but also provide strategies to compensate for cogni-
tive or physical deficits (Rath et al. 2003; Wilson et al. 2008).

For example, patients may receive CRT through an occupational therapist (OT), speech-
language pathologist (SLP), and vocational counselor, any one of whom may teach a patient how
to manage a weekly schedule or develop organizational strategies needed to return to work. Oth-
er patients with severe cognitive impairments may have more limited goals that would allow
them to be safe at home alone and perform daily activities without assistance. In this case, the
OT and SLP may teach the patient to improve self-care activities, to use a cell phone, and to fol-
low explicit instructions in an emergency.

Some patients may benefit from modular intervention aimed at strengthening specific skills.
For example, patients who have trouble paying attention in noisy settings or have trouble switch-
ing their attention from one task to another may benefit from a combination of direct attention
training, education about attention problems, and practical tools to manage attention problems at
home, school or work. And as patients return home or move to an alternative living environment,
CRT can occur within the context in which the skills will be used. For example, individuals who
are returning to school may learn to use study strategies specifically tailored to their postinjury
learning style. Providing CRT in context allows both the patient and clinician to focus explicitly
on techniques and strategies immediately tested and tried (American Speech-Language-Hearing
Association, 2003; Ylvisaker et al. 2008). Contextualized therapy may also occur in comprehen-
sive treatment. When contextualized therapy becomes possible, individuals typically become
more aware of how their cognitive impairments may impact return to work, school, and commu-
nity.

Delivery of CRT for Mild TBI

The delivery of CRT to patients with mild TBI may differ from the CRT provided to those
with moderate or severe TBI, based on when the diagnosis is made and the specificity of symp-
toms expressed. In civilians with mild TBI, diagnosis can occur immediately after an athletic ac-
tivity or other incident such as a motor vehicle accident. Not all mild TBIs are diagnosed imme-
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diately, however, due to the ubiquitous nature of the symptoms, which are not always recognized
as being related to the incident. Likewise, mild TBI in military populations is frequently missed,
and diagnosis occurs much later—sometimes not until the patient attempts to reintegrate into the
home, community, work, and school. This fact is particularly true for those who have been in-
jured by blasts, as discussed in Chapter 3 (Adamson et al. 2008). When this type of injury oc-
curs, ideally the CRT provided would be individualized to the patient’s needs, as would other
treatments to address coexisting symptoms such as fatigue, headaches, vertigo, and visual defi-
cits. For example, a male patient with mild TBI may have difficulty paying attention, and thus
difficulty keeping track of a daily schedule. An OT or SLP would first educate him about the in-
jury and symptoms; instruct him to use the calendar on an electronic device; have him log his
activities and symptoms (e.g., fatigue or headaches) throughout the week so that an activity man-
agement plan could be put in place; and assist him in organizing the materials he needs to learn
for work. Clinical Practice Guidelines for Mild TBI, from the U.S. Department of Veterans Af-
fairs (VA)/Department of Defense (DoD), outlines management of concussion or mild TBI, in-
cluding CRT for those who need it (U.S. Department of Veterans Affairs, 2009). Unfortunately,
it is unclear how many service members and veterans with TBI receive this care.

PROVIDERS

Describing the roles of the professionals from the various disciplines that deliver CRT may
help provide context for its definition and attributes (as described in Chapter 4). The following
sections provide descriptions of rehabilitation professionals and their role on the rehabilitation
team. In general, an interdisciplinary team of rehabilitation professionals delivers CRT interven-
tions to patients and provides education, training, and support to families or caregivers. These
professions include medicine (physiatry, neurology), nursing, clinical- or neuro-psychology,
speech-language pathology, occupational therapy, and physical therapy (Prigatano, 2005). Other
members of the rehabilitation team may include an audiologist, kinesiotherapist, neuro-
ophthalmologist, or rehabilitation counselor. The shared intention among disciplines is to im-
prove patients’ cognitive impairments that interfere with the ability to function, or help patients
learn to function more fully with persistent cognitive impairments, irrespective of strategy. In
other words, rehabilitation aims either to restore functioning of an impaired cognitive system or
compensate for the adverse effects of an impaired cognitive system by providing strategies and
supportive aids or techniques.

Professional associations, such as American Occupational Therapy Association, the Ameri-
can Physical Therapy Association, and the American Speech-Language-Hearing Association,
determine the required education and training for providers to become credentialed. U.S. states
regulate the licensing requirements for each profession, including education necessary to obtain a
license. Requirements for licensing and credentialing of rehabilitation providers vary across
states. Furthermore, general certification does not indicate all certified professionals are qualified
to provide cognitive rehabilitation. Table 5-1 provides information for rehabilitation profession-
als services, education and training, licensing and credentialing, and the setting in which they
work. Due to the diversity of requirements and certifications, the committee did not assess or
compare U.S. state requirements for licensing and credentialing. However, the committee recog-
nizes the authority of these licensing entities and the consideration of rigorous standards in estab-
lishing quality of care within respective disciplines.

Overall, rehabilitation professional organizations do not provide or promote continuing edu-
cation credits in brain injury rehabilitation. However, a voluntary certification is available from
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TABLE 5-1 CRT Providers: Services, Practice Requirements, and Professional Setting

Provider

Services

Education and Training

Licensing and Certification

Professional Settings

Clinical
Psychologist,
Neuro-
psychologist

170,200 psy-
chologists

- Assesses, diagnoses,
treats, and prevents
mental disorders

- Uses a variety of
approaches aimed at
helping individuals
through individual,
family, or group ther-
apy

- Designs and imple-
ments behavior mod-
ification programs.

Neuropsychology is a
specialization within
clinical psychology.

- Doctor of Philosophy
(Ph.D.) or Doctor of Psy-
chology (Psy.D.)

- Courses in quantitative
experimental methods and
research design, which in-
clude the use of computer-
based analysis, are an
integral part of graduate
study and are necessary to
complete the dissertation.

- An approved internship

- 1 to 2 years of post-
doctoral, supervised pro-
fessional experience

The American Psychological
Association (APA) accredits
doctoral training programs in
clinical psychology.

U.S. states’ licensing boards
determine requirements for
clinical  psychologists. Re-
quirements vary by state, and
generally include passing a
standardized test and may
include continuing education
for license renewal.

- Community mental
health centers

- Crisis counseling or
drug rehabilitation
centers

- Physical rehabilita-
tion settings

- Private offices

- Hospitals

- Universities and
medical schools

Neurologist

- Examines patients
with neurologic dis-
orders (e.g., brain in-
jury) or impaired func-
tion of the brain,
spinal cord, peripheral
nerves, muscles, au-
tonomic nervous sys-
tem, and related blood
vessels.

- Generally sees pa-
tients referred by oth-
er physicians, but can
serve as the primary
physician for ongoing
neurological disorders

- Investigates, diagnos-
es, and treats neuro-
logical disorders. Di-
agnostic tests include:
e Computed axial

tomography (CAT)
e Magnetic reson-
ance imaging (MRI)
e Ultrasound
e Electroencephalo-
graphy (EEG)
e Electromyography
(EMG)

- Doctor of medicine (M.D.)

- 4 years of residency, spe-
cializing in neurology

- Internship

The American Board of Psy-
chiatry and Neurology over-
sees the competency exami-
nation to certify neurologists.
Board certification ensures
specialized skills and know-
ledge to diagnose and treat
specific problems and to pro-
vide medical management for
a range of problems.

U.S. states regulate the li-
censing of physiatrists, and
requirements vary by state.
Licensing requires physicians
pass the United States Medi-
cal Licensing Examination
(USMLE).

- Hospitals
- Outpatient clinics

Registered
Nurse

> 10,000 re-
habilitation
nurses

~ 3,000 neu-
roscience
nurses

- Assesses, plans,
implements, and eva-
luates the care of a
hospitalized patient

- Promotes optimal
functioning

- Works with physicians
(e.g., physiatrist or
neurologist) to obtain
detailed patient history
and a comprehensive
evaluation

- Provides patient and
family education, be-
havior management,
and management of
the patient environ-
ment

- Education levels vary

among Registered Nurses
(RNs)

- Education includes courses

in anatomy, physiology,
microbiology, chemistry,
nutrition, psychology, other
behavioral sciences, and
nursing.

- Supervised clinical expe-

rience required

Rehabilitation  nurses are
credentialed as a Certified
Rehabilitation Registered
Nurse (CRRN). The Associa-
tion for Rehabilitation Nurses
oversees the certification of
CRRNs. Requirements for
CRRN certification include
two years of recent practice in
rehabilitation nursing, or a
combination of one year of
current practice as an RN and
one year of graduate study.

Neuroscience  nurses are
credentialed as a Certified
Neuroscience Registered
Nurse (CNRN). The American
Association of Neuroscience
Nurses oversees the certifica-

- Acute care
- Assisted living facili-
ties
- Community re-
integration programs
Hospitals
Outpatient clinics
Rehabilitation units
or programs
Residential com-
munities
Universities and
medical schools
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Provider

Services

Education and Training

Licensing and Certification

Professional Settings

tion of CNRNs. Requirements
include 4,160 hours of recent
experience in neuroscience
nursing practice and passing
a certification examination.

U.S. states regulate the Ii-
censing for registered nurses
(RNs), generally requiring
graduation from an approved
nursing program and passing
the National Council Licen-
sure Examination (NCLEX-
RN).

Physiatrist

~ 8,300 board
certified phy-
siatrists

Trained in the physical
medicine and rehabili-
tation (PM&R) special-

ty

Aims to restore maxi-
mum function lost
through injury, iliness,
or disabling condi-
tions, affecting any

organ system

Provides assessment,
diagnosis, and non-
surgical interventions
Develops treatment
plans and leads a
team of medical pro-

fessionals

Facilitates education
to patients and fami-
lies about impairments

- Doctor of medicine (M.D.)

- 4 years of residency, spe-
cializing in physical medi-
cine and rehabilitation

- Internship

The American Board of Physi-
cal Medicine and Rehabilita-
tion (ABPMR) oversees the
competency examination to
certify  physiatrists.  Board
certification ensures skills and
knowledge to diagnose and
treat specific problems and to
provide medical management
for a range of conditions.

U.S. states regulate the li-
censing of physiatrists, and
requirements vary by state.
Licensing requires physicians
pass the United States Medi-
cal Licensing Examination
(USMLE).

Hospitals
Outpatient clinics
Private offices
Rehabilitation cen-
ters

Physical
Therapist

185,500 phys-
ical therapists

Evaluates and diag-
nose movement dys-
function and use in-
terventions to treat

patient/clients

May provide therapeu-
tic exercise, functional
training, manual ther-
apy techniques, assis-
tive and adaptive de-
vices and equipment,
and physical agents
and electrotherapeutic

modalities

Often consults and
practices with a varie-
ty of other profession-
als, such as physi-
cians, nurses, social
workers, occupational

therapists, and

speech-language pa-

thologists

- Education levels vary
among PTs.

- Education includes:

- Science courses ( biology,
anatomy, physiology, cellu-
lar histology, exercise phy-
siology, neuroscience,
biomechanics, pharmacol-
ogy, pathology, and radiol-
ogy/imaging)

- Behavioral science courses
(evidence-based practice
and clinical reasoning)

- Clinically based courses
(medical screening, exami-
nation tests and measures,
diagnostic process, thera-
peutic interventions, out-
comes assessment, and
practice management)

- Supervised clinical expe-
rience

The American Physical Ther-
apy Association’s accrediting
body, Commission on Accre-
ditation of Physical Therapy
Education (CAPTE), accredits
academic programs in physi-
cal therapy.

U.S. states regulate the Ii-
censing and practice of physi-
cal therapy. Requirements
vary by state, but typically
include graduation from an
accredited physical therapy
education program; passing
the National Physical Therapy
Examination; and fulfilling
other state requirements such
as jurisprudence exams.

Hospitals
QOutpatient clinics
Private offices with
specially equipped
facilities

Speech-
Language
Pathologist

119,300
speech-
language
pathologists

Assesses, diagnoses,
and treats communi-
cation disorders asso-
ciated with cognitive,
language and speech

impairments

Understands commu-
nication behavior and
the underlying neurol-

- Master’'s degree

- Supervised clinical expe-
rience

- 300 to 375 hours of super-
vised clinical experience

- 9 months of postgraduate
professional clinical expe-
rience

The Council on Academic
Accreditation is an entity of
the American Speech-
Language-Hearing  Associa-
tion (ASHA) that accredits
postsecondary academic
programs in speech-language
pathology.

Assisted living facili-
ties

Community re-
integration programs
Hospitals, acute care
Rehabilitation units
or programs
Residential com-
munities
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Provider

Services

Education and Training

Licensing and Certification

Professional Settings

ogy, cognitive, sen-
sory and motor
processes that are re-
quired to communi-
cate

Addresses the impact
of cognitive and com-
munication disorders
in activities and partic-
ipation in society

U.S. states regulate the Ii-
censing. Requirements vary
by state, but generally include
graduation from an ASHA-
accredited program and pass-
ing a national exam, the Prax-
is Examination in Speech-
Language Pathology.

- Schools and voca-
tional programs

Occupational
Therapist

104,500 occu-
pational the-
rapists

Helps patients regain
functioning within
home, work or school,
or community settings
Determines impact of
impairments on eve-
ryday activities, incor-
porating knowledge of
neurology and neuro-
anatomy

Measures functional
loss and design an in-
tervention plan, from
acute care to commu-
nity reintegration

- Education criteria includes:

- Master’s degree or higher,
and

- Courses in biology, chemi-
stry, physics, health, and
the social sciences.

- Supervised fieldwork

The Accreditation Council for
Occupational Therapy Educa-
tion (ACOTE) accredits edu-
cational programs.

U.S. states regulate licensing
criteria for OTs, and require-
ments vary by state. Licens-
ing usually requires passing
an exam approved by the
National Board for Certifica-
tion in Occupational Therapy
(NBCOT).

Ambulatory health-
care services
Community care
facilities

Home healthcare
services

Hospitals

- Nursing care facili-
ties

Outpatient care cen-
ters

- Physicians’ offices

the Academy of Certified Brain Injury Specialists (ACBIS). To become a Certified Brain Injury
Specialist (CBIS), a professional must demonstrate 500 hours of supervised clinical practice as
well as pass the national certification exam provided by ACBIS. No education level is required
beyond a high school diploma or the equivalent. The certification exam includes topics such as
brain anatomy, brain-behavior relationships, functional impact of brain injury, effective treat-
ment approaches and medical management, as well as the role of families, and legal or ethical
issues (ACBIS, 2010). In 2010, ACBIS reported 4,207 individuals in the United States were
CBISs. As previously mentioned, providers are not required to obtain certification, and many
more professionals may be qualified via completed supervisory hours to provide cognitive reha-
bilitation services.

Physiatrist

Physiatrists are physical medicine and rehabilitation physicians with expertise in treating the
impairments and disabilities resulting from a variety of conditions. Board certified physiatrists in
the United States are trained to diagnose, treat, and direct a rehabilitation plan to achieve optimal
patient outcomes. The physiatrist provides leadership for an interdisciplinary rehabilitation team
that may include occupational therapists, physical therapists, recreational therapists, rehabilita-
tion nurses, psychologists, social workers, and speech-language pathologists. Based on a medical
evaluation, the physiatrist designs and coordinates a treatment plan to address the whole person,
considering physical, cognitive, emotional, and social needs. Treatment plans aim to maximize
functional capacity and restore quality of life as much as possible. Physiatrists include the family
or primary caregiver in an overall rehabilitation program and arranging family conferences as
necessary (AAP, 1999). Physiatrists earn a medical degree and complete a residency in physical
medicine and rehabilitation; they receive certification from the American Board of Physical
Medicine and Rehabilitation.
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Physiatrists can prescribe pharmacological and behavioral interventions for the treatment of
related disturbances occurring as a result of brain injury. The range of psychiatric disturbances
that may follow brain injury is extensive (see Chapter 3). Preinjury conditions such as personali-
ty disorders, psychiatric disturbance, and genetic predisposition may also complicate recovery
from brain injury. Physiatrists are trained to address these conditions or provide the most appro-
priate referral to another specialist on the team.

Neurologist and Neurosurgeon

A neurologist is a medical doctor specializing in diagnosing, treating, and managing disord-
ers of the brain and nervous system. A neurologist assesses and treats neurological deficits re-
sulting from TBI, with emphasis on physical impairments, such as movement disorders, seizures,
and pain. Neurologists may also address neurobehavioral conditions, such as mood problems, or
cognitive conditions, such as memory deficits. A neurologist can help distinguish between varied
disorders (for example, mild TBI shares symptoms of other neurogenic disorders), and then de-
sign the most appropriate treatment plan for the patient, as treatment plans may not be identical
for these different conditions. Neurologists earn a medical degree and complete a residency in
neurology, which includes training in rehabilitation aspects of neurology as well as behavioral
and cognitive neurology; they receive certification from the American Board on Psychiatry and
Neurology. Neurologists can recommend surgical treatment, but they do not perform surgery.
When treatment includes surgery, neurologists may monitor the patients and supervise their con-
tinuing treatment. Neurosurgeons are medical doctors who specialize in performing surgical
treatments of the brain or nervous system; neurosurgeons are typically involved primarily in the
acute phase. Neurosurgical evaluations diagnose or rule out the presence of conditions requiring
neurosurgical attention (e.g., hematomas, skull fractures, elevated intracranial pressure), or de-
liver differential diagnoses that may require other, focused treatments.

Registered Nurse

The registered nurse (RN) is responsible for the assessment, planning, implementation, and
evaluation of the care of a hospitalized patient with a brain injury. The RN’s activities serve to
promote optimal functioning. For example, the RN role’s in cognitive rehabilitation includes
working with physicians (e.g., physiatrist or neurologist) to obtain detailed patient history and a
comprehensive neurological evaluation. In addition, nursing care includes patient and family
education, behavior management, and management of the patient environment.

Registered nurses must graduate from an accredited school of nursing and pass a state RN li-
censing examination called the National Council Licensure Examination for Registered Nurses
(NCLEX-RN). A nurse providing rehabilitative care to patients with TBI may be either a Certi-
fied Rehabilitation Registered Nurse (CRRN) or a Certified Neuroscience Registered Nurse
(CNRN). The Association for Rehabilitation Nurses comprises autonomous programs to oversee
the certification of CRRNs. The American Association of Neuroscience Nurses oversees the cer-
tification of CNRNs. The American Board of Nursing Specialties accredits these practitioners. In
2011, the Association of Rehabilitation Nurses (ARN) and the American Association of Neuros-
cience Nurses (AANN) jointly published a clinical practice guideline for care of patients with
mild TBI (U.S. Department of Labor, 2009).
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Occupational Therapist

An OT is the function expert who works with patients across the lifespan of the treatment to
improve everyday function in daily routines. Common OT interventions include helping people
who are recovering from brain injury to regain skills as they experience physical and cognitive
changes (e.g., visual deficits, cognitive and perceptual abilities to perform tasks in complex and
multi-stimuli environments). The OT completes an individualized and comprehensive assess-
ment of patients’ skills and treatment goals, often with support from patients and their family or
caregiver. The OT designs customized interventions to improve patients’ ability to perform daily
activities and reach their goals. Treatment goals are designed to enable patients to best manage
their daily tasks, including self-care (feeding and dressing) and tasks in the community (shop-
ping, driving, school, and work activities). Throughout treatment, OTs evaluate patient outcomes
to ensure goals are being met and change the intervention plan as appropriate (American
Occupational Therapy Association, 2002, 2011).

To accomplish overall treatment goals, patients may need to use special techniques, modify
their physical environment, or use equipment ranging from simple memory aids to more ad-
vanced computers and environmental controls. To help them with these tasks, OTs provide ser-
vices such as a comprehensive evaluation of the patient’s home and other environments (e.g.,
workplace, school), recommendations for adaptive equipment and training in its use, and guid-
ance and education for family members and caregivers (American Occupational Therapy
Association, 2002, 2011).

Together with SLPs, OTs are among typical providers of CRT (Ashley and Persel, 2003).
The minimum requirement for entry into occupational therapy is a master’s degree from an aca-
demic program accredited by the Accreditation Council for Occupational Therapy Education
(ACOTE). For national accreditation and licensure, OTs must pass an exam provided by
ACOTE. Those who pass the exam are become an Occupational Therapist Registered (OTR).
The American Occupational Therapy Association oversees the certification program by which
OTs confirm their competencies. An OT may receive certification by board (e.g., physical reha-
bilitation or mental health) or specialty (e.g., driving and community mobility, feeding or swal-
lowing). These certifications are renewed every 5 years, and qualified OTs must have completed
a specific number of practice hours in order to eligible (Golisz, 2009).

Physical Therapist

Physical therapists provide assessment and treatment for balance disorders, dizziness, func-
tional mobility, physical problems, and pain, all of which may result from or be related to TBI.
Physical therapists can evaluate and address peripheral nerve and musculoskeletal injuries as
well as weakness and balance issues related to brain trauma. Treatment goals include improving
mobility, increasing strength, decreasing joint stiffness, improving static and dynamic balance,
decreasing vertigo and dizziness, and managing pain and discomfort. Physical therapists also
evaluate a patient’s need for equipment, such as canes or braces, to