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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

35000
30000 W Not Classifiable
O Penetrating
25000 O 5evere
B Moderate
20000 mMild

15000

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

SOURCE: DVBIC 2011.

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.

REFERENCES

Amor, S., F. Puentes, D. Baker, and P. van der Valk. 2010. Inflammation in neurodegenerative diseases. Immunolo-
gy 129(2):154-169.

Belanger, H. G., T. Kretzmer, R. Yoash-Gantz, T. Pickett, and L. A. Tupler. 2009. Cognitive sequelae of blast-
related versus other mechanisms of brain trauma. Journal of the International Neuropsychological Society
15(1):1-8.

Belanger, H. G., and R. D. Vanderploeg. 2005. The neuropsychological impact of sports-related concussion: A me-
ta-analysis. Journal of the International Neuropsychological Society 11:345-357.

Berry, C., E. J. Ley, A. Tillou, G. Cryer, D. R. Margulies, and A. Salim. 2009. The effect of gender on patients with
moderate to severe head injuries. Journal of Trauma-Injury Infection & Critical Care 67(5):950-953.

Bilukha, O. O., M. Brennan, and M. Anderson. 2008. Injuries and deaths from landmines and unexploded ordnance
in Afghanistan, 2002-2006. Prehospital & Disaster Medicine:493-499.

Broshek, D. K., T. Kaushik, J. R. Freeman, D. Erlanger, F. Webbe, and J. T. Barth. 2005. Sex differences in out-
come following sports-related concussion. Journal of Neurosurgery 102(5):856-863.

Cantu, R. C. 2001. Posttraumatic retrograde and anterograde amnesia: Pathophysiology and implications in grading
and safe return to play. Journal of Athletic Training 36(3):244-248.

Cantu, R. C., and A. D. Gean. 2010. Second-impact syndrome and a small subdural hematoma: An uncommon cata-
strophic result of repetitive head injury with a characteristic imaging appearance. Journal of Neurotrauma
27(9):1557-1564.

Carey, M. E. 1996. Analysis of wounds incurred by U.S. Army seventh corps personnel treated in corps hospitals
during Operation Desert Storm, February 20 to March 10, 1991. Journal of Trauma-Injury Infection & Critical
Care 40(3S):165S-169S.

Carroll, L. J., J. D. Cassidy, P. M. Peloso, J. Borg, H. von Holst, L. Holm, C. Paniak, and M. Pepin. 2004. Prognosis
for mild traumatic brain injury: Results of the WHO collaborating centre task force on mild traumatic brain in-
jury. Journal of Rehabilitation Medicine - Supplement (43):84-105.

Cartlidge, N. E. F., and D. A. Shaw. 1981. Head injury. In Major Problems in Neurology. Vol. 10. London, Eng-
land: Saunders. 203.

Colantonio, A., M. D. Escobar, M. Chipman, B. McLellan, P. C. Austin, G. Mirabella, and G. Ratcliff. 2008. Predic-
tors of postacute mortality following traumatic brain injury in a seriously injured population. Journal of Trau-
ma-Injury Infection & Critical Care 64(4):876-882.

Colvin, A. C., J. Mullen, M. R. Lovell, R. V. West, M. W. Collins, and M. Groh. 2009. The role of concussion histo-
ry and gender in recovery from soccer-related concussion. American Journal of Sports Medicine 37(9):1699-
1704.

Comstock, R. D., C. Knox, E. Yard, and J. Gilchrist. 2006. Sports-related injuries among high school athletes: Unit-
ed States, 2005-06 school year. MMWR: Morbidity & Mortality Weekly Report 55(38):1037-1040.

Corrigan, J. D., K. Smith-Knapp, and C. V. Granger. 1998. Outcomes in the first 5 years after traumatic brain injury.
Archives of Physical Medicine and Rehabilitation 79(3):298-305.

Covassin, T., P. Schatz, and C. B. Swanik. 2007. Sex differences in neuropsychological function and post-
concussion symptoms of concussed collegiate athletes. Neurosurgery 61(2):345-350; discussion 350-341.

Cramer, S. C., M. Sur, B. H. Dobkin, C. O’Brien, T. D. Sanger, J. Q. Trojanowski, J. M. Rumsey, R. Hicks, J. Ca-
meron, D. Chen, W. G. Chen, L. G. Cohen, C. Decharms, C. J. Duffy, G. F. Eden, E. E. Fetz, R. Filart, M.
Freund, S. J. Grant, S. Haber, P. W. Kalivas, B. Kolb, A. F. Kramer, M. Lynch, H. S. Mayberg, P. S. McQuil-
len, R. Nitkin, A. Pascual-Leone, P. Reuter-Lorenz, N. Schiff, A. Sharma, L. Shekim, M. Stryker, E. V. Sulli-
van, and S. Vinogradov. 2011. Harnessing neuroplasticity for clinical applications. Brain 134(Pt 6):1591-1609.

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



Cognitive Rehabilitation Therapy for Traumatic Brain Injury: Evaluating the Evidence

TRAUMATIC BRAIN INJURY 2-13

Crawford, F. C., R. D. Vanderploeg, M. J. Freeman, S. Singh, M. Waisman, L. Michaels, L. Abdullah, D. Warden,
R. Lipsky, A. Salazar, and M. J. Mullan. 2002. APOE genotype influences acquisition and recall following
traumatic brain injury. Neurology 58(7):1115-1118.

Davis, D. P., D. J. Douglas, W. Smith, M. J. Sise, G. M. Vilke, T. L. Holbrook, F. Kennedy, A. B. Eastman, T.
Velky, and D. B. Hoyt. 2006. Traumatic brain injury outcomes in pre- and post-menopausal females versus age-
matched males. Journal of Neurotrauma 23(2):140-148.

de Guise, E., J. LeBlanc, M. Feyz, K. Meyer, J. Duplantie, H. Thomas, M. Abouassaly, M. C. Champoux, C. Cou-
turier, H. Lin, L. Lu, C. Robinson, and E. Roger. 2008. Long-term outcome after severe traumatic brain injury:
The McGill interdisciplinary prospective study. Journal of Head Trauma Rehabilitation 23(5):294-303.

Dikmen, S., J. Machamer, J. R. Fann, and N. R. Temkin. 2010. Rates of symptom reporting following traumatic
brain injury. Journal of the International Neuropsychological Society 16(3):401-411.

Dikmen, S. S., B. L. Ross, J. E. Machamer, and N. R. Temkin. 1995. One year psychosocial outcome in head injury.
Journal of the International Neuropsychological Society 1(1):67-77.

Dumont, P., J. I. Leu, A. C. Della Pietra, 3rd, D. L. George, and M. Murphy. 2003. The codon 72 polymorphic va-
riants of p53 have markedly different apoptotic potential. Nature Genetics 33(3):357-365.

Farace, E., and W. M. Alves. 2000. Do women fare worse: A metaanalysis of gender differences in outcome after
traumatic brain injury. Journal of Neurosurgery 8(1):e6.

Friedman, G., P. Froom, L. Sazbon, I. Grinblatt, M. Shochina, J. Tsenter, S. Babaey, B. Yehuda, and Z. Groswasser.
1999. Apolipoprotein E-epsilond genotype predicts a poor outcome in survivors of traumatic brain injury. Neu-
rology 52(2):244-248.

Gavett, B. E., R. A. Stern, R. C. Cantu, C. J. Nowinski, and A. C. McKee. 2010. Mild traumatic brain injury: A risk
factor for neurodegeneration. Alzheimer’s Research & Therapy 2(3):18.

Gennarelli, T. A. 1983. Head injury in man and experimental animals: Clinical aspects. Acta Neurochirurgica Sup-
plement (Wien) 32:1-13.

Gessel, L. M., S. K. Fields, C. L. Collins, R. W. Dick, and R. D. Comstock. 2007. Concussions among United States
high school and collegiate athletes. Journal of Athletic Training 42(4):495-503.

Grafman, J., B. S. Jonas, A. Martin, A. M. Salazar, H. Weingartner, C. Ludlow, M. A. Smutok, and S. C. Vance.
1988. Intellectual function following penetrating head injury in Vietnam veterans. Brain 111 (Pt 1):169-184.

Graham, D. L., T. A. Gennarelli, and T. K. McIntosh. 2002. Trauma. In Greenfield’s Neuropathology. 7th ed., Edited
by D. I. Graham and P. L. Lantos. London: Arnold. 823-888.

Graham, D. L., K. E. Saatman, N. Marklund, V. Conte, D. Morales, N. Royo, and T. K. McIntosh. 2006. Neuropa-
thology of trauma. In Neurology and Trauma. Vol. 2. Edited by R. W. Evans. New York: Oxford University
Press. 45-94.

Greer, J. E., M. J. McGinn, and J. T. Povlishock. 2011. Diffuse traumatic axonal injury in the mouse induces atro-
phy, c-Jun activation, and axonal outgrowth in the axotomized neuronal population. Journal of Neuroscience
31(13):5089-5105.

Greve, M. W, and B. J. Zink. 2009. Pathophysiology of traumatic brain injury. Mount Sinai Journal of Medicine
76(2):97-104.

Guskiewicz, K. M., S. W. Marshall, J. Bailes, M. McCrea, R. C. Cantu, C. Randolph, and B. D. Jordan. 2005. Asso-
ciation between recurrent concussion and late-life cognitive impairment in retired professional football players.
Neurosurgery 57(4):719-726; discussion 719-726.

Hammond, F. M., K. D. Grattan, H. Sasser, J. D. Corrigan, M. Rosenthal, T. Bushnik, and W. Shull. 2004. Five
years after traumatic brain injury: A study of individual outcomes and predictors of change in function. Neuro-
Rehabilitation 19(1):25-35.

Healey, C., T. M. Osler, F. B. Rogers, M. A. Healey, L. G. Glance, P. D. Kilgo, S. R. Shackford, and J. W. Mere-
dith. 2003. Improving the Glasgow Coma Scale score: Motor score alone is a better predictor. Journal of Trau-
ma 54(4):671-678; discussion 678-680.

Helmick, K., G. Parkinson, L. Chandler, and D. Warden. 2007. Mild traumatic brain injury in wartime. Federal
Practicioner 24(10):58-65.

Hoge, C. W., D. McGurk, J. L. Thomas, A. L. Cox, C. C. Engel, and C. A. Castro. 2008. Mild traumatic brain injury
in U.S. Soldiers returning from Iraq. New England Journal of Medicine 358(5):453-463.

Hurley, R. A., J. C. McGowan, K. Arfanakis, and K. H. Taber. 2004. Traumatic axonal injury: Novel insights into
evolution and identification. Journal of Neuropsychiatry and Clinical Neurosciences 16(1):1-7.

Hynes, L. M., and J. P. Dickey. 2006. Is there a relationship between whiplash-associated disorders and concussion
in hockey? A preliminary study. Brain Injury 20(2):179-188.

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



Cognitive Rehabilitation Therapy for Traumatic Brain Injury: Evaluating the Evidence

2-14 COGNITIVE REHABILITATION THERAPY FOR TRAUMATIC BRAIN INJURY

IOM (Institute of Medicine). 2009. Gulf War and Health, Volume 7: Long-Term Consequences of Traumatic Brain
Injury. Washington, DC: The National Academies Press.

Iverson, G. L. 2005. Outcome from mild traumatic brain injury. Current Opinion in Psychiatry 18(3):301-317.

Iverson, G. L., M. Gaetz, M. R. Lovell, and M. W. Collins. 2004. Cumulative effects of concussion in amateur ath-
letes. Brain Injury 18(5):433-443.

Iwata, A., K. D. Browne, X. H. Chen, T. Yuguchi, and D. H. Smith. 2005. Traumatic brain injury induces biphasic
upregulation of ApoE and Apol protein in rats. Journal of Neuroscience Research 82(1):103-114.

Jeon, I. C., O. L. Kim, M. S. Kim, S. H. Kim, C. H. Chang, and D. S. Bai. 2008. The effect of premorbid demo-
graphic factors on the recovery of neurocognitive function in traumatic brain injury patients. Journal of Korean
Neurosurgical Society 44(5):295-302.

Jeremitsky, E., L. Omert, C. M. Dunham, J. Protetch, and A. Rodriguez. 2003. Harbingers of poor outcome the day
after severe brain injury: Hypothermia, hypoxia, and hypoperfusion. Journal of Trauma 54(2):312-319.

Katz, D. 1., and M. P. Alexander. 1994. Traumatic brain injury: Predicting course of recovery and outcome for pa-
tients admitted to rehabilitation. Archives of Neurology 51(7):661-670.

Kay, T., D. E. Harrington, R. Adams, T. Anderson, S. Berrol, K. Cicerone, C. Dahlberg, D. Gerber, R. Goka, P. Har-
ley, J. Hilt, L. Horn, D. Lehmkuhl, and J. Malec. 1993. Definition of mild traumatic brain injury. Journal of
Head Trauma Rehabilitation 8(3):86-87.

Kraus, M. F., T. Susmaras, B. P. Caughlin, C. J. Walker, J. A. Sweeney, and D. M. Little. 2007. White matter integr-
ity and cognition in chronic traumatic brain injury: A diffusion tensor imaging study. Brain 130(Pt 10):2508-
2519.

Kringelbach, M. L., and E. T. Rolls. 2004. The functional neuroanatomy of the human orbitofrontal cortex: Evi-
dence from neuroimaging and neuropsychology. Progress in Neurobiology 72(5):341-372.

Laurer, H. L., F. M. Bareyre, V. M. Lee, J. Q. Trojanowski, L. Longhi, R. Hoover, K. E. Saatman, R. Raghupathi, S.
Hoshino, M. S. Grady, and T. K. McIntosh. 2001. Mild head injury increasing the brain’s vulnerability to a
second concussive impact. Journal of Neurosurgery 95(5):859-870.

Leedham, C. S., and C. G. Blood. 1992. A descriptive analysis of wounds among U.S. Marines treated at second
echelon facilities in the Kuwaiti theater of operations. Military Medicine 158(8):508-512.

Levin, H. S., S. Mattis, R. M. Ruff, H. M. Eisenberg, L. F. Marshall, K. Tabaddor, W. M. High, Jr., and R. F. Fran-
kowski. 1987. Neurobehavioral outcome following minor head injury: A three-center study. Journal of Neuro-
surgery 66(2):234-243.

Lew, H. L., J. H. Poole, R. D. Vanderploeg, G. L. Goodrich, S. Dekelboum, S. B. Guillory, B. Sigford, and D. X.
Cifu. 2007. Program development and defining characteristics of returning military in a VA polytrauma net-
work site. Journal of Rehabilitation Research & Development 44(7):1027-1034.

Loane, D. J., and A. I. Faden. 2010. Neuroprotection for traumatic brain injury: Translational challenges and emerg-
ing therapeutic strategies. Trends in Pharmacological Sciences 31(12):596-604.

Loane, D. J., A. Pocivavsek, C. E. Moussa, R. Thompson, Y. Matsuoka, A. I. Faden, G. W. Rebeck, and M. P.
Burns. 2009. Amyloid precursor protein secretases as therapeutic targets for traumatic brain injury. Nature
Medicine 15(4):377-379.

Lovell, M. R., M. W. Collins, G. L. Iverson, M. Field, J. C. Maroon, R. Cantu, K. Podell, J. W. Powell, M. Belza,
and F. H. Fu. 2003. Recovery from mild concussion in high school athletes. Journal of Neurosurgery
98(2):296-301.

Luukinen, H., P. Viramo, K. Koski, P. Laippala, and S. L. Kivela. 1999. Head injuries and cognitive decline among
older adults: A population-based study. Neurology 52(3):557-562.

Maas, A. L., N. Stocchetti, and R. Bullock. 2008. Moderate and severe traumatic brain injury in adults. Lancet Neu-
rology 7(8):728-741.

Mac Donald, C. L., A. M. Johnson, D. Cooper, E. C. Nelson, N. J. Werner, J. S. Shimony, A. Z. Snyder, M. E.
Raichle, J. R. Witherow, R. Fang, S. F. Flaherty, and D. L. Brody. 2011. Detection of blast-related traumatic
brain injury in U.S. military personnel. New England Journal of Medicine 364(22):2091-2100.

McCrea, M., K. M. Guskiewicz, S. W. Marshall, W. Barr, C. Randolph, R. C. Cantu, J. A. Onate, J. Yang, and J. P.
Kelly. 2003. Acute effects and recovery time following concussion in collegiate football players: The NCAA
concussion study. Journal of the American Medical Association 290(19):2556-2563.

McCrea, M., G. L. Iverson, T. W. McAllister, T. A. Hammeke, M. R. Powell, W. B. Barr, and J. P. Kelly. 2009. An
integrated review of recovery after mild traumatic brain injury (MTBI): Implications for clinical management.
Clinical Neuropsychology 23(8):1368-1390.

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



Cognitive Rehabilitation Therapy for Traumatic Brain Injury: Evaluating the Evidence

TRAUMATIC BRAIN INJURY 2-15

Millar, K., J. A. Nicoll, S. Thornhill, G. D. Murray, and G. M. Teasdale. 2003. Long term neuropsychological out-
come after head injury: Relation to APOE genotype. Journal of Neurology, Neurosurgery & Psychiatry
74(8):1047-1052.

Millis, S. R., M. Rosenthal, T. A. Novack, M. Sherer, T. G. Nick, J. S. Kreutzer, W. M. High, and J. H. Ricker.
2001. Long-term neuropsychological outcome after traumatic brain injury. Journal of Head Trauma Rehabilita-
tion 16(4):343-355.

Morales, D. M., N. Marklund, D. Lebold, H. J. Thompson, A. Pitkanen, W. L. Maxwell, L. Longhi, H. Laurer, M.
Maegele, E. Neugebauer, D. I. Graham, N. Stocchetti, and T. K. McIntosh. 2005. Experimental models of trau-
matic brain injury: Do we really need to build a better mousetrap? Neuroscience 136(4):971-989.

Morrison, W. E., J. J. Arbelaez, J. C. Fackler, A. De Maio, and C. N. Paidas. 2004. Gender and age effects on out-
come after pediatric traumatic brain injury. Pediatric Critical Care Medicine 5(2):145-151.

Mosenthal, A. C., R. F. Lavery, M. Addis, S. Kaul, S. Ross, R. Marburger, E. A. Deitch, and D. H. Livingston.
2002. Isolated traumatic brain injury: Age is an independent predictor of mortality and early outcome. Journal
of Trauma-Injury Infection & Critical Care 52(5):907-911.

Mosenthal, A. C., D. H. Livingston, R. F. Lavery, M. M. Knudson, S. Lee, D. Morabito, G. T. Manley, A. Nathens,
G. Jurkovich, D. B. Hoyt, and R. Coimbra. 2004. The effect of age on functional outcome in mild traumatic
brain injury: 6-month report of a prospective multicenter trial. Journal of Trauma-Injury Infection & Critical
Care 56(5):1042-1048.

Murray, G. D., I. Butcher, G. S. McHugh, J. Lu, N. A. Mushkudiani, A. I. Maas, A. Marmarou, and E. W. Steyer-
berg. 2007. Multivariable prognostic analysis in traumatic brain injury: Results from the impact study. Journal
of Neurotrauma 24(2):329-337.

Niogi, S. N., and P. Mukherjee. 2010. Diffusion tensor imaging of mild traumatic brain injury. Journal of Head
Trauma Rehabilitation 25(4):241-255.

Novack, T. A., A. L. Alderson, B. A. Bush, J. M. Meythaler, and K. Canupp. 2000. Cognitive and functional recov-
ery at 6 and 12 months post-TBI. Brain Injury 14(11):987-996.

Olson-Madden, J. H., L. Brenner, J. E. Harwood, C. D. Emrick, J. D. Corrigan, and C. Thompson. 2010. Traumatic
brain injury and psychiatric diagnoses in veterans seeking outpatient substance abuse treatment. Journal of
Head Trauma Rehabilitation 25(6):470-479.

Ottochian, M., A. Salim, C. Berry, L. S. Chan, M. T. Wilson, and D. R. Margulies. 2009. Severe traumatic brain
injury: Is there a gender difference in mortality? American Journal of Surgery 197(2):155-158.

Perel, P., M. Arango, T. Clayton, P. Edwards, E. Komolafe, S. Poccock, I. Roberts, H. Shakur, E. Steyerberg, and S.
Yutthakasemsunt. 2008. Predicting outcome after traumatic brain injury: Practical prognostic models based on
large cohort of international patients. British Medical Journal 336(7641):425-429.

Phillips, Y. Y., T. G. Mundie, J. T. Yelverton, and D. R. Richmond. 1988. Cloth ballistic vest alters response to
blast. Journal of Trauma-Injury Infection & Critical Care 28(1 Suppl):S149-152.

Povlishock, J. T., and D. I. Katz. 2005. Update of neuropathology and neurological recovery after traumatic brain
injury. Journal of Head Trauma Rehabilitation 20(1):76-94.

Ptak, R., K. Gutbrod, and A. Schnider. 1998. Association learning in the acute confusional state. Journal of Neurol-
ogy, Neurosurgery & Psychiatry 65(3):390-392.

Rohling, M. L., and G. J. Demakis. 2010. Bowden, Shores, & Mathias (2006): Failure to replicate or just failure to
notice. Does effort still account for more variance in neuropsychological test scores than TBI severity? Clinical
Neuropsychology 24(1):119-136.

Ross, B. L., N. R. Temkin, D. Newell, and S. S. Dikmen. 1994. Neuropsychological outcome in relation to head
injury severity. Contributions of coma length and focal abnormalities. American Journal of Physical Medicine
& Rehabilitation 73(5):341-347.

Saatman, K. E., A. Duhaime, R. Bullock, A. I. Maas, A. Valadka, and G. T. Manley. 2008. Classification of trau-
matic brain injury for targeted therapies. Journal of Neurotrauma 25(7):719-738.

Sayer, N. A., D. X. Cifu, S. McNamee, C. E. Chiros, B. J. Sigford, S. Scott, and H. L. Lew. 2009. Rehabilitation
needs of combat-injured service members admitted to the VA polytrauma rehabilitation centers: The role of
PM&R in the care of wounded warriors. PM&R 1(1):23-28.

Schretlen, D. J., and A. M. Shapiro. 2003. A quantitative review of the effects of traumatic brain injury on cognitive
functioning. International Review of Psychiatry 15(4):341-349.

Stulemeijer, M., S. van der Werf, G. F. Borm, and P. E. Vos. 2008. Early prediction of favourable recovery 6
months after mild traumatic brain injury. Journal of Neurology, Neurosurgery & Psychiatry 79(8):936-942.

Teasdale, G., and B. Jennett. 1976. Assessment and prognosis of coma after head injury. Acta Neurochirurgica
34(1):45-55.

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



Cognitive Rehabilitation Therapy for Traumatic Brain Injury: Evaluating the Evidence

2-16 COGNITIVE REHABILITATION THERAPY FOR TRAUMATIC BRAIN INJURY

Teasdale, T., H. Skovdahl Hansen, A. Gade, and A. Christensen. 1997. Neuropsychological test scores before and
after brain-injury rehabilitation in relation to return to employment. Neuropsychological Rehabilitation 7(1):23-
42,

Terrio, H., L. A. Brenner, B. J. Ivins, J. M. Cho, K. Helmick, K. Schwab, K. Scally, R. Bretthauer, and D. Warden.
2009. Traumatic brain injury screening: Preliminary findings in a US Army brigade combat team. Journal of
Head Trauma Rehabilitation 24(1):14-23.

Thatcher, R. W., D. M. North, R. T. Curtin, R. A. Walker, C. J. Biver, J. F. Gomez, and A. M. Salazar. 2001. An
EEG severity index of traumatic brain injury. Journal of Neuropsychiatry & Clinical Neuroscience 13(1):77-87.

Vannorsdall, T. D., N. G. Cascella, V. Rao, G. D. Pearlson, B. Gordon, and D. J. Schretlen. 2010. A morphometric
analysis of neuroanatomic abnormalities in traumatic brain injury. Journal of Neuropsychiatry and Clinical
Neurosciences 22(2):173-181.Warden, D. 2006. Military TBI during the Iraq and Afghanistan wars. Journal of
Head Trauma Rehabilitation 21(5):398-402.

Weinstein, S., and H. L. Teuber. 1957. The role of pre-injury education and intelligence level in intellectual loss
after brain injury. Journal of Comparative & Physiological Psychology 50(5):535-539.

Werner, C., and K. Engelhard. 2007. Pathophysiology of traumatic brain injury. British Journal of Anaesthesia
99(1):4-9.

Zafonte, R. D., F. M. Hammond, N. R. Mann, D. L. Wood, K. L. Black, and S. R. Millis. 1996. Relationship be-
tween Glasgow Coma Scale and functional outcome. American Journal of Physical Medicine & Rehabilitation
75(5):364-369.

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



Cognitive Rehabilitation Therapy for Traumatic Brain Injury: Evaluating the Evidence

PREPUBLICATION COPY: UNCORRECTED PROOFS
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
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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.
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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).

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



Cognitive Rehabilitation Therapy for Traumatic Brain Injury: Evaluating the Evidence

4-4 COGNITIVE REHABILITATION THERAPY FOR TRAUMATIC BRAIN INJURY

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

5-1
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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.

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



Cognitive Rehabilitation Therapy for Traumatic Brain Injury: Evaluating the Evidence

STATE OF PRACTICE AND PROVIDERS OF CRT 5-3

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 improve safety and endur-
ance. Physical therapists practice in hospitals, outpatient clinics, and private offices that have
specially equipped facilities (American Physical Therapy Association, 2003).

Typical requirements for physical therapists include a graduate degree from an accredited
physical therapy education program; passing the National Physical Therapy Examination; and
fulfilling state requirements such as jurisprudence exams. A number of states require continuing
education as a condition of maintaining licensure. The American Physical Therapy Association’s
accrediting body, the Commission on Accreditation of Physical Therapy Education (CAPTE),
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accredits graduate degree academic programs in physical therapy. These programs include foun-
dational science courses such as biology, anatomy, physiology, cellular histology, exercise phy-
siology, neuroscience, biomechanics, pharmacology, pathology, and radiology/imaging, as well
as behavioral science courses such as evidence-based practice and clinical reasoning. Some of
the clinically based courses include medical screening, examination tests and measures, diagnos-
tic process, therapeutic interventions, outcomes assessment, and practice management. In addi-
tion to classroom and laboratory instruction, students receive supervised clinical experience
(U.S. Department of Labor, 2009).

Speech-Language Pathologist

SLPs assist patients who have speech, language, and cognitive problems in gaining optimal
communication skills. For patients with cognitive impairments from TBI, SLPs evaluate and
provide intervention for the underlying cognitive deficits responsible for communication beha-
vior in everyday life. Communication problems may include difficulty understanding complex
and abstract written or verbal information, finding words and expressing coherent ideas, and us-
ing language in interpersonal relations. SLPs also address transitions to school and work. Under-
lying cognitive problems that may be caused by TBI, such as difficulty paying attention, learning
and remembering information, organizing ideas, reasoning, and solving problems, all interfere
with communication skills and the ability to broadly interact in the environment (school, work,
home, or community). The American Speech-Language-Hearing Association (ASHA) endorses
the use of the WHO-ICF to describe management of cognitive and communication disorders af-
ter TBL.

Together with OTs, SLPs are among the most typical providers of CRT (Ylvisaker et al.
2003; American Speech-Language-Hearing Association, 2005). Typical licensing requirements
are a master’s degree from an accredited college or university; a passing score on the Praxis Ex-
aminations in Audiology and Speech-Language Pathology, the national examination for certifi-
cation in speech-language pathology, offered through the Praxis Series of the Educational Test-
ing Service; 300 to 375 hours of supervised clinical experience; and 9 months of postgraduate
professional clinical experience. Most states have continuing education requirements for licen-
sure renewal. Medicaid, Medicare, and private health insurers generally require a practitioner to
be licensed to qualify for reimbursement. The Council on Academic Accreditation, an entity of
ASHA, accredits postsecondary academic programs in speech-language pathology. Furthermore,
a graduate degree is required for ASHA credentialing. Speech-language pathology courses cover
anatomy, physiology, and the development of the areas of the body involved in speech, language,
and swallowing; the nature of disorders; principles of acoustics; and psychological aspects of
communication. SLP graduate students may also learn to evaluate and treat speech, language,
and swallowing disorders as part of a curriculum in supervised clinical practice (U.S.
Department of Labor, 2009).

Neuropsychologist

A neuropsychologist (psychologist) is the key player in diagnosing cognitive impairments
and emotional and behavioral sequelae of TBI. A neuropsychological assessment evaluates the
areas of intellectual functioning: attention and concentration, problem solving and judgment,
memory and learning, and flexibility of thought and speed of information processing. Evalua-
tions in these areas help patients and families understand the nature and severity of deficits and
assist other team members when planning patient treatment programs. Treatment services pro-
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vided by neuropsychologists are designed to help patients achieve maximum benefit from the
rehabilitation program and to help them manage adjustment problems. Counseling may be of-
fered to patients and family members who wish to know more about brain injury and who may
be having difficulty coping with family and/or work-related stress.

Clinical neuropsychologists are a subset of psychologists “dedicated to the understanding of
brain—behavior relationships and applying this knowledge to human problems, in particular to
persons with brain disorders” (CRSPPP, 1996). The recommended education and training for
licensure and accreditation includes a graduate degree in professional psychology, and relevant
brain—behavior knowledge and clinical neuropsychology practice skills. Knowledge and skills
are generally developed through a doctoral program and related internships (Boake, 2008).

Recreational Therapist

Recreational therapists assist people with brain injury in resuming community life by helping
them participate in play and leisure activities. Through leisure counseling, leisure education, lei-
sure skills development, aquatic education, adaptive sports, resocialization programs, and com-
munity readjustment outings, people with brain injury learn how to participate in community life.
Recreational therapists assess individuals through observations; medical records; standardized
assessments; and consultations with medical members of the rehabilitation team, with patients
themselves, and with their families. Recreational therapists use this information for developing
and implementing therapeutic interventions consistent with clients’ goals. For example, a recrea-
tional therapist may encourage a client who is isolated from others or who has limited social
skills to play games with others. Therapists may teach right-handed people with right-side para-
lysis how to use their unaffected left side to throw a ball or swing a racket. Recreational therap-
ists may teach patients relaxation techniques to reduce stress and tension, stretching and limber-
ing exercises, proper body mechanics for participation in recreational activities, pacing and
energy conservation techniques, and team activities (U.S. Department of Labor, 2011).

In acute settings such as hospitals and rehabilitation centers, recreational therapists treat indi-
viduals with specific health conditions, usually in conjunction or collaboration with physicians,
nurses, psychologists, social workers, and physical and occupational therapists. In long-term and
residential care facilities, recreational therapists use leisure activities—specially structured group
programs—to improve and maintain patients’ general health and quality of life. Community-
based recreational therapists may work in park and recreation departments; special education
programs within school districts; or assisted living, adult day care, and substance abuse rehabili-
tation centers. In these facilities, they work on specific skills with patients and provide oppor-
tunities for exercise, mental stimulation, creativity, and fun (U.S. Department of Labor, 2011).

Most entry-level recreational therapists need a bachelor’s degree in therapeutic recreation. A
few may qualify with some combination of education, training, and work experience that would
be equivalent to competency in the field. Therapeutic recreation education programs include
courses in assessment, treatment and program planning, intervention design, and evaluation.
Education also includes the study of human anatomy, physiology, abnormal psychology, medical
and psychiatric terminology, characteristics of illnesses and disabilities, professional ethics, and
the use of assistive devices and technology. Work in clinical settings often requires certification
by the National Council for Therapeutic Recreation Certification. The Council offers the Certi-
fied Therapeutic Recreation Specialist credential to candidates who pass a written certification
examination and complete a supervised internship of at least 480 hours. Therapists must meet
additional requirements to maintain certification (U.S. Department of Labor, 2009).
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Social Worker

Social workers help patients and their families respond to social, emotional, or financial
problems resulting from physical disability or chronic illness. Treatment modalities include indi-
vidual and group psychotherapy, crisis intervention, family counseling, and family support
groups. Social workers explore community resources and entitlement programs available to the
patient and family. They may arrange for at-home services, such as meals-on-wheels or home
care. Some social workers help people who face a disability, life-threatening disease, substance
abuse, or social problem, such as inadequate housing or unemployment. Social workers also as-
sist families who have serious domestic conflicts, sometimes involving child or spousal abuse.
Some work on interdisciplinary teams that evaluate and treat certain kinds of patients, such as
geriatric or organ transplant patients. Many social workers specialize in serving a particular pop-
ulation or working in a specific setting, such as a hospital, nursing and personal care facility, in-
dividual and family services agency, or local government (U.S. Department of Labor, 2009). In
all settings, these professionals may be called licensed clinical social workers (LCSWs) if they
hold the appropriate license. Additionally, social workers may conduct research, advocate for
improved services, or become involved in planning or policy development.

A bachelor’s degree in social work is the most common minimum requirement to become a
social worker; however, majors in psychology, sociology, and related fields may qualify for
some entry-level jobs, especially in small community agencies. Although a bachelor’s degree is
sufficient for entry into the field, an advanced degree is required for some positions. A Master of
Social Work (MSW) is required for clinical work and typically required for positions in other
health or school settings. U.S. states maintain the licensing, certification, or registration require-
ments regarding social work practice. Most states require 2 years or 3,000 hours of supervised
clinical experience for licensure of clinical social workers (U.S. Department of Labor, 2009).

Other Members of the Rehabilitation Team

Audioligst

Audiologists evaluate hearing deficits and determine the type of hearing loss. Hearing
changes after TBI may include tinnitus or loss of acuity, especially in noisy environments. Hear-
ing aids may or may not be prescribed, depending upon the nature and severity of the problem.
Audiologists may also be involved in diagnosing vestibular deficits (i.e., vertigo) that may lead
to balance problems. A doctoral degree from an accredited institution is required to practice as an
audiologist. The Council on Academic Accreditation (CAA)—an entity of the ASHA—accredits
education programs in audiology. U.S. states regulate licensing.

Kinesiotherapist

A kinesiotherapist can recommend a cardiovascular conditioning program that promotes
wellness and reduces the risk of injury or further disability, generally to improve extended pe-
riods of physical exertion. The American Kinesiotherapy Association defines kinesiotherapy as
“the application of scientifically based exercise principles adapted to enhance the strength, en-
durance, and mobility of individuals with functional limitations or those requiring extended
physical conditioning” (American Kinesiotherapy Association, 2011). Because fitness can en-
hance a person’s mental and physical stamina, reduce pain, and elevate feelings of well being,
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the goals of kinesiotherapy align well with CRT. The physical conditioning program should be
initiated in the health care facility and gradually transferred to a community gym as the person

becomes more independent. Kinesiotherapists work with physicians or nurses on the rehabilita-
tion team who prescribe and direct services for patients, which then is delivered by kinesiothe-

rapists. Kinesiotherapy is commonly provided to soldiers due to the extended physical exertion
often required by military profession.

Neuro-Ophthalmologist

Neuro-ophthalmology is a subspecialty of both neurology and ophthalmology. Nero-
opthalmologists may address double vision, blurry vision, or other visual deficits following brain
injury. Deficits in the visual system are often overlooked in mild TBI. A common visual deficit
after mild TBI is convergence insufficiency, which is often described by the person as “blurry”
vision. The neuro-ophthalmology evaluation should rule out potential eye damage involving the
cornea, retina, vitreous fluids, occipital lobe (visual cortex), optic nerve functioning. Therapeutic
intervention may involve prism glasses and/or eye exercises. Training and education follows the
guidelines for physicians pursuing a subspecialty, with the accompanying residencies and certifi-
cations.

Rehabilitation Counselor

Rehabilitation counselors deal with the key issues regarding work reentry. They consult, and
may provide a vocational evaluation covering vocational interest, work values, academic testing,
etc., to complement the neuropsychological evaluation in setting work-relevant goals. Rehabilita-
tion counselors may act as a treatment coordinator for patients who have difficulty returning to
work after brain injury. Some rehabilitation counselors set up community-based functional voca-
tional evaluations or may do active job placement and retention. In addition, rehabilitation coun-
selors may help develop collaborative relationships between clients and their employer or co-
workers. Licensed rehabilitation counselors often must have a master’s degree. U.S. states
regulate licensing for counselors. Voluntary certification is available through the Commission on
Rehabilitation Counselor Certification.

CONCLUSION

The overall goal of rehabilitation is to improve functioning and quality of life of the patient
with chronic disease or disability. Factors such as who provides CRT and for how long is it pro-
vided are interrelated factors that vary depending on the patient’s needs and ability for participat-
ing in rehabilitation Providers work in multi-disciplinary teams to design and implement treat-
ments plans that meet the goals of patients and their families. Because U.S. states regulate the
licensure requirements for each profession, and a variety of professional organizations determine
accrediting standards, a unified brain injury rehabilitation specialty or related requirements do
not exist for most professions.
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Chapter 6

Methods

This chapter describes the methods by which the committee evaluated the evidence regarding
the efficacy and effectiveness of cognitive rehabilitation therapy (CRT) for traumatic brain injury
(TBI), including the means by which the committee searched for and organized the literature.
The chapter also includes an assessment of the quality of study design and its related impact on
how the studies were evaluated. The committee searched for and reviewed evidence of CRT in-
terventions by either specific cognitive domain (i.e., memory, attention, executive function, vi-
suospatial perception, and communication and language) or multi-modal/comprehensive CRT.

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

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

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

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

LITERATURE REVIEW

The committee reviewed published systematic reviews (Cicerone et al. 2000; Cicerone et al.
2005; Cicerone et al. 2011; ECRI, 2009; Kennedy et al. 2008) and worked with a research libra-
rian to develop search strategies to identify pertinent evidence. The strategy included searches in
the following electronic bibliographic databases: Medline, EMBase, PsycInfo, Education Re-
sources Information Center (ERIC), and Cochrane (e.g., Cochrane DB of Systematic Reviews,
Database of Reviews of Effects (DARE) and Cochrane Central Register of Controlled Trials).
Key terms and Medical Subject Headings (keywords for Medline) focused on subject areas re-
lated to brain injury and CRT. Strategy parameters limited searches to human subjects, the Eng-
lish 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, acknowledging
that more recent studies build on the evidence base created by older literature. Furthermore, be-
cause TBI has occurred more frequently among service members in recent conflicts, beginning
with Operation Desert Storm, research in the field of TBI and CRT has greatly expanded since
that time. To ensure it captured all relevant studies, the committee conducted a secondary search
to identify articles not found during the electronic search. This practice is common when con-
ducting a literature review. To complete the secondary search, the committee extensively ex-
amined the bibliographies of previously published systematic reviews on cognitive rehabilitation
therapy for TBI, reading all full text articles contained in those reference lists that had not been
identified in the primary search. The committee determined it would include studies from these

6-1
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reference lists that met inclusion criteria (as described in Box 6-1), regardless of publishing date.
The committee reviewed many excellent studies during this process, however, not all studies met
inclusion criteria. The secondary search identified 12 additional articles, 2 of which were pub-
lished prior to 1991. No other study published prior to 1991, that the committee reviewed, met
inclusion criteria.

The committee focused on studies that used one or several forms of CRT to ameliorate the
effects of traumatic brain injury. Per its charge, the committee considered CRT for TBI across all
severities of injury (mild and moderate-severe) and across all stages of recovery (acute, subacute,
and chronic). For the purposes of this review, the committee defined the time periods for acute,
subacute, and chronic phases of recovery following TBI (see Table 6-1). The searches limited the
scope of terms to traumatic brain injury, and did not consider other forms of acquired brain in-
jury, 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 conditions, such as schi-
zophrenia, dementia, or learning disabilities.

The initial electronic search identified 856 studies. Upon review of titles and abstracts, 121
studies were selected for more detailed review. At least two committee members reviewed each
full text article to determine relevancy, based on the committee’s inclusion and exclusion crite-
ria, shown in Box 6-1. Upon full text review, 43 studies were excluded. An additional 12 studies
were added through the secondary search (i.e., culling reference lists), for a total of 90 studies
upon which the committee based its conclusions.

The committee designed forms for extracting and summarizing data from each study, includ-
ing information about study design and methods, patient characteristics, treatment interventions
and outcomes (i.e., World Health Organization International Classification of Functioning, Disa-
bility and Health [ WHO-ICF] framework), and funding source. The Institute of Medicine (IOM)
contracted two individuals with knowledge and expertise in CRT to extract data from selected
studies; these individuals (i.e., coders) were neither IOM staff nor members of the committee. At
least two committee members read each of the original articles and compared information from
the studies to the evidence tables completed by the independent coders. The committee assessed
methodologic limitations of studies, described each study, and synthesized the evidence in a
narrative form.

The committee conceptually categorized CRT interventions as either 1) modular strategies
aimed at attention, memory, executive function, language or social communication, or visuospa-
tial deficits or 2) multi-modal, comprehensive strategies. The intent of the therapy was catego-
rized as restorative or compensatory and the goals and setting of therapy as decontextualized or
contextualized. Compensatory strategies for cognitive impairment (e.g., memory aids) that in-
volved changes to the environment were categorized as external; strategies that did not involve
environmental changes were categorized as internal. The committee recognizes that conceptual
categorizations may not translate to real-world application; these categories were useful for or-
ganizing and evaluating of the evidence. The separation between modular and multi-
modal/comprehensive strategies was specific to the committee’s charge.

TABLE 6-1 Definitions of Acute, Subacute, and Chronic Phases of Recovery Post-TBI

Mild TBI Moderate/Severe TBI
Acute < 3 months Acute hospital care
Subacute > 3 months < 6 months Inpatient rehabilitation
Chronic > 6 months < 12 months Outpatient rehabilitation
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BOX 6-1
Inclusion and Exclusion Criteria

1.0 Participants
1.1 Sample is composed of individuals with TBI (open or closed, with or without second-
ary hypoxic/ischemic injury), as evidenced by
a. Initial loss/alteration of consciousness on clinical assessment (abnormal GCS or
posttraumatic amnesia); OR
b. Findings on neuro-imaging consistent with TBI; OR
c. Focal impairment on neurologic exam consistent with TBI; OR
d. Documentation of injury for patients with mild TBI (plausible history is sufficient
for patients with moderate-severe TBI);
OR
1.2 Sample is mixed between TBI and non-TBI but results are reported separately for
TBI subjects (who meet the above definition); OR
1.3 Sample is mixed but contains a majority of TBI participants; AND
1.4 Sample is composed of individuals age 18 or older.

2.0 Treatment
2.1 The intervention is sufficiently described for classification/categorization as CRT;
AND
2.2 Studies that primarily evaluated drug efficacy are excluded.

3.0 Outcome Measures
3.1 Outcome measure(s) could be either objective or subjective measures; AND
3.2 Studies where the only outcome measures are performance of tasks that were di-
rectly practiced in the treatment protocol are excluded.

4.0 Study Design

4.1 Uncontrolled case reports or case series are excluded.

4.2 Single subject experimental designs (i.e., designs focusing on outcome within a sub-
ject, while incorporating experimental controls) are included.

4.3 For pre-post studies conducted during a postinjury period and over a duration in
which substantial change might be expected in the primary outcome(s), studies with
no comparison group (since measured improvement may be “spontaneous”) (e.g., if
mild TBI occurred over 6 months or fewer, and moderate-severe TBI occurred over
12 months or fewer) are excluded.

4.4 For studies conducted in a post-acute period, pre-post studies with no comparison
group and only subjective self-report outcomes (which may be strongly affected by
expectation) are excluded.

5.0 Other
5.1 Only studies available in the English language are included.
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EVALUATION OF THE EVIDENCE

The committee found 90 studies that met selection criteria. Of these, 37 were randomized
controlled trials (RCTs) (2 of the 37 addressed both memory and attention deficits); 15were non-
randomized, parallel group controlled trials; 19 were pre-post single group studies; and 15 were
reports of one or more single subject, multiple baseline experiments. Of the studies, 21 addressed
multi-modal or comprehensive cognitive rehabilitation, including RCTs, crossover group, non-
randomized controlled parallel group, and pre-post single group designs. Table 6-2 provides in-
formation about the number of studies, by design, were identified in each cognitive domain or
multi-modal/comprehensive CRT.

The committee did not identify any CRT studies in the acute phase of recovery following
TBI. Several studies of multimodal/comprehensive treatment programs were conducted in the
subacute phase, but most of the modular treatment studies were conducted in the chronic phase.
Few studies included in this review specifically enrolled individuals with mild TBI, or reported
results separately for those with mild injuries who were enrolled in mixed studies. Where evi-
dence exists with respect to treatment of participants in the subacute phase, or those with mild
injuries, the committee highlighted these studies and relevant findings.

As charged, the committee reviewed evidence across intervention types to determine if there
was evidence regarding efficacy or effectiveness in individual cognitive domains and multi-
modal/comprehensive CRT. Studies were assessed for improvements in objective measures of
benefit, or short- and long-term treatment effects. Studies were also assessed for subjective, self-
reports by patients or family members of treatment benefit, or patient-centered outcomes. These
distinctions are useful because achievements on objective measures of benefit may not translate
into improvement in real-world functioning. It is important to note that standards for other as-
pects of medical practice and research, such as pharmacologic agents, do not require patient-
centered outcomes, such as return to work or improved quality of life, to show any treatment
benefit or to receive regulatory approval or coverage by insurers. Therefore, the absence of

TABLE 6-2 Study Design by Treatment Domain or Strategy

Study Design by . Language Multimodal/
. . Executive ; .
Treatment Domain ~ Attention . and Social Memory Comprehensive
Function C
or Strategy Communication CRT
RCTs 6 10 4 13 6
Nonrandomized,
Parallel Group 0 4 ! 2 8
Pre-Post Single 2 4 0 6 7
Group
Single Subject
Multiple Baseline ! 8 0 6 0
TOTAL 9 26 5 27 21
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patient-centered outcomes did not necessarily detract from a study’s evidence base. However, the
committee acknowledges that these are important outcomes to report, especially in goal-oriented
and interactive rehabilitation. The committee also reviewed studies where use of telehealth tech-
nology was employed, to determine the safety and efficacy of CRT applied through these tech-
nologies, compared to interventions applied in clinical settings. The potential for adverse effects
or harm was also evaluated among the included studies.

Also per its charge, the committee separately evaluated studies by the type of comparator
arm, including inert or no treatment, a non-CRT treatment, or another form of CRT. Varying
comparators were not considered more or less useful, only that they answer different questions
about the value of CRT for TBI. To determine efficacy, the committee relied on studies that
compared the primary CRT treatment to either no treatment or a non-CRT treatment. To deter-
mine effectiveness, the committee evaluated studies comparing CRT treatment to another form
of CRT. Comparative effectiveness studies may be premature without preceding efficacy trials of
the interventions applied in each arm. Furthermore, cognitive processes are complex and intert-
wined. Likewise, treatment activities generally employ multifaceted tasks. Therefore, attempts to
predict a highly specific effect of one CRT intervention (e.g., attention process training) on an
isolated cognitive process (e.g., attention) is difficult without considering the effect another CRT
treatment (e.g., notebook training for a memory deficit) may have on the original cognitive func-
tion of interest (e.g., attention). For these reasons, interventions comparing one form of CRT to
another were less helpful in determining the impact of a specific intervention to improve a spe-
cific cognitive function.

The committee discussed at length the need to establish relevant criteria for interpreting the
studies under review to address the study questions asked by the Department of Defense. The
committee reached consensus on the following grading system (also shown in Box 6-2):

e None or Not Informative Evidence: No evidence because the intervention has not
been studied or uninformative evidence because of null results from flawed or other-
wise limited studies

e Limited Evidence: Interpretable results from a single study. or mixed results from two
or more studies

e Modest Evidence: Two or more studies reporting interpretable, informative, and
largely similar results

e Strong Evidence: Reproducible, consistent, and decisive findings from two or more
independent studies characterized by the following: 1) Replication, reflected by the
number of studies (multiple, at least two) in the same direction; 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

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 in moderate-severe TBI patients in the chronic phase of recovery]). 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 de-
sign, size of the sample, reported characteristics of the sample (e.g., injury severity) and treat-
ment (e.g., dosage, frequency, and timing), control for potentially confounding factors, magni-
tude of the treatment effect, statistical significance of the findings, and the length of follow-up.
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BOX 6-2
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 studies

e 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
results

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 (multiple, at least two) in the same direction; 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

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.

QUALITY OF STUDY DESIGNS

In making its conclusions, the committee found most informative those studies that failed the
fewest criteria. Evidence ruled “limited” does not mean an intervention was inadequate; it may
simply mean there were methodological flaws in the study design. As is commonly seen among
studies evaluating rehabilitation strategies, the overall limitations of the evidence were due to a
number of identified issues in study designs. Some of these issues involved the heterogeneity and
lack of operational definitions of different forms of CRT; small sample sizes; the variety of pre-
morbid, comorbid, and environmental factors that may moderate the value of a given form of
CRT across patients; and the range of outcomes that may be targeted.

None of the included studies were absent of limitations in study design. About one-third of
the RCTs were small studies involving fewer than 20 participants, and about 20 percent were
larger studies involving more than 50 participants. The severity of TBI was described as mod-
erate or severe in 22 trials and as mild to moderate or mild to moderate-severe in 5 trials, and
was unclearly specified in 10 trials. Most trials included participants who were many months
postinjury (i.e., chronic TBI). Settings for 7 of the larger trials included a suburban rehabilitation
hospital in the northeastern United States (Cicerone et al. 2008), a rehabilitation center in Colo-
rado (Dahlberg et al. 2007), three brain injury units in Sydney, Australia (McDonald et al. 2008),
a neuropsychological rehabilitation program at a metropolitan medical center in New York (Rath
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et al. 2003), a U.S. military medical referral center (Salazar et al. 2000),' four U.S. Department
of Veterans Affairs’ acute inpatient rehabilitation programs (Vanderploeg et al. 2008), and an
academic neurosurgical unit in Hong Kong (Zhu et al. 2007). About 20 percent of the trials de-
scribed adequate methods to generate random allocation sequences and assure allocation con-
cealment. A few trials used quasi-experimental designs that matched patient characteristics such
as age and severity of injury before or after randomization. Few reports detailed a priori sample
size calculations. Some trial reports provided consort figures or detailed descriptions of follow-up in-
cluding number of participants randomized to groups, completeness of follow-up, and amount of
missing data by group; most trials did not report all of this information. Few trial reports detailed
analytic methods that were used to handle missing data or specified numbers of people included
in analyses of each outcome measure that was reported. Trials generally evaluated a heterogene-
ous group of interventions including focused interventions targeted at specific and sometimes
narrow deficits and more complex interventions targeted toward multiple deficits. Trials also had
heterogeneous comparison groups. Whether participants received co-interventions or ancillary
treatments such as antidepressants or pain medications that might augment or interfere with cog-
nitive rehabilitation effects was rarely described. In only a few trials were attempts made to blind
personnel administering objective outcome measures to group assignments of trial participants.
The limitations of the evidence do not rule out meaningful benefit. The committee did not identi-
fy methodological issues in this report to hold CRT research to a higher standard than rehabilita-
tion research at large; it serves merely as an overt discussion of the issues that cloud determina-
tion of efficacy and effectiveness.

ORGANIZATION OF THE EVIDENCE CHAPTERS

In the chapters that follow, the committee applies the methods and background knowledge
described in the present and previous chapters to assess the available evidence on CRT treat-
ments for TBI-related deficits in attention, executive function, language and social communica-
tion, memory, and multi-modal/comprehensive CRT (Chapters 7 through 11, respectively). The
committee did not identify any relevant literature for treatment of visuospatial perception defi-
cits, which are more common after stroke than TBI. These five chapters include evidence tables
with key information about included studies. Chapter 12 summarizes studies that applied tele-
health technology, and Chapter 13 describes possible adverse events or harm from CRT. Conclu-
sions are made within each chapter. Conclusions about the evidence were not compared to the
findings of other systematic reviews, which the committee deemed beyond its charge.

Each chapter begins with an overview describing the presentation of studies. As various do-
mains required differential distinctions for proper analysis, the chapters do not follow a consis-
tent format. The evidence is organized by the conceptual categories that provided the most use in
drawing overall conclusions, dictated by the available body of evidence. The committee did not
interpret the evidence differently within these categories. For example, memory strategies were
divided by internal, external, or restorative within mild or moderate-severe TBI. Whereas atten-
tion strategies were divided by those found in the subacute or chronic phase of recovery in pa-
tients with moderate-severe TBI (as no studies were identified of patients with mild TBI with
attentional deficits). When the committee found evidence showing treatment benefit, the conclu-
sions explicitly identify the specific intervention and cite the study in which it was described.

! The committee reviewed Salazar et al. 2000, with Braverman et al. 1999, and Warden et al. 2000.
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Chapter 7

Attention

OVERVIEW

Deficits in attention are more commonly found among individuals with more severe traumat-
ic brain injuries (TBI), and may encompass delayed reaction time, reduced speed of information
processing, or challenges with concentration, forgetfulness, or doing more than one thing at a
time (e.g., walking and talking). This chapter presents cognitive rehabilitation therapy (CRT) in-
terventions aimed to restore attentional capacity, divided by phase of recovery following mod-
erate-severe TBI (i.e., subacute and chronic). Controlled studies are described in detail within
these sections, divided by treatment comparator arm, followed by descriptions of the noncon-
trolled studies. The committee’s conclusions are presented at the end of the chapter.

The committee reviewed six randomized controlled trials (RCTs), including two crossover
studies, of treatments intended to improve attention. All six involved modular treatment directed
at one or more attentional processes. All used decontextualized treatment materials, and all were
categorized as restorative. The trials involved a total of 264 study participants; treatment group
sizes in individual trials ranged from 7 to 43 patients. Nearly all of the patients suffered mod-
erate-severe injuries 6 weeks to many months prior to study enrollment. Study participants were
generally in their late 20s to early 30s.

The committee did not identify any nonrandomized, controlled parallel group designs of
treatments for attention deficits, however it did review two pre-post single group studies and one
single-subject, multiple baseline experiment. These studies also employed primarily modular res-
torative treatments, and all were delivered to patients in the chronic phase with moderate-severe
injuries. The committee did not identify any studies assessing CRT interventions for attention in
patients with mild TBI.

MODERATE-SEVERE TBI

Subacute Phase of Recovery

Comparator Group: Non-CRT Content

Gray et al. (1992) compared approximately 17 hours of computer administered modules
stressing various dimensions of attention to about 12 hours of recreational computing that ex-
cluded externally paced tasks or tasks that required rapid processing and responding. This study
found a positive effect of training on psycho-metric measures of attention, particularly the type
that require numerical manipulation in working memory. These effects grew in significance in
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follow-up compared to the immediate posttreatment measures. This pattern is of some concern,
since the median time postinjury was 20 weeks, a point at which natural recovery may be ongo-
ing; therefore, imbalance in the acuity of injury between groups might produce such a result.
However, time postinjury was statistically controlled for, and measures of functions unrelated to
attention did not show greater improvement in the treatment group, lending some specificity to
the findings. In this study nearly half of the subjects had nontraumatic injuries, but the authors
report no interaction between diagnosis and treatment benefit. The credibility of this study is
compromised due to its nonreporting of sample sizes for analysis posttreatment, especially at the
6 month follow-up. Furthermore, standard deviations of the outcomes were not provided.

Comparator Group. Other CRT Content

Novack et al. (1996) studied participants who were 3 to 6 months postinjury. This study was
conducted in an acute inpatient rehabilitation population approximately 3 to 6 weeks postinjury,
a time when many of the patients were confused and highly impaired. One group received a
structured program of attention training. The other group received a variety of other rehabilita-
tion interventions that involved cognitive rehabilitation components that did not specifically fo-
cus on attention. Outcomes were assessed with respect to several psycho-metric measures of at-
tention as well as the Functional Independence Measure (FIM). Both groups improved
significantly from pre- to posttreatment, but to a comparable degree.

Chronic Phase of Recovery

Studies of chronic, moderate-severe TBI included four RCTs (McMillan et al. 2002; Nie-
mann et al. 1990; Ruff et al. 1994; Sohlberg et al. 2000) comparing five treatment arms with pa-
tients in the chronic phase. Interventions in three (Niemann et al. 1990; Ruff et al. 1994; Sohl-
berg et al. 2000) of these RCTs consisted of some form of attention training exercises, similar to
those employed by Gray et al. (1992) (see above), and most were delivered via computer. Train-
ing ranged from 10 to 24 hours and typically involved several different attention-demanding
tasks that progressed in difficulty with patient improvement. Some treatments included therapist-
delivered goal setting, feedback, and review of performance, including one study of Attention
Process Training (APT), a manualized treatment approach that specifies therapist feedback more
systematically. The fourth RCT (McMillan et al. 2002), also the largest trial, used mindfulness
training. Unlike the other attention treatments, mindfulness training did not involve practice with
attention-demanding tasks but rather separate sessions focused on breathing. Therapist-led train-
ing in this study was fewer than 4 hours for both mindfulness training and the active comparison
condition, but with home practice assigned.

Comparator Group.: No or Non-CRT Content

McMillan et al. (2002) compared the effects of instruction in mindfulness training to compa-
rable instruction in physical exercise (non-CRT content) and a no-treatment control where partic-
ipants received no therapist contact but were assessed at the same intervals. Thus, this was the
only study that had a comparator arm of no treatment. Outcomes were assessed in terms of neu-
ro-psychological measures of attention as well as several self-report measures of mental health
status and lapses of attention in everyday life. The mindfulness intervention outcomes on atten-
tion were no different than those of physical exercise or no intervention.
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Sohlberg et al. (2000) compared 24 hours of manualized APT delivered over 10 weeks to 10
hours of brain injury education—a non-CRT intervention—delivered over the same time period,
in an RCT with outcomes assessed at the point of crossover and again at trial completion. Out-
come measures included standardized neuro-psychological measures of attention, laboratory
measures of information processing intended to assess the functioning of specific neural net-
works subserving separable attentional domains, and coded qualitative interviews regarding real-
world changes resulting from treatment. This trial found positive effects of attention training on
the Paced Auditory Serial Addition Test (PASAT), a measure of working memory and speeded
mental addition, and on the Memory for Location task, a measure of location working memory.
On the Stroop task and the Trail Making Test, members of the APT group were characterized by
“low vigilance” at baseline. The trial did not find such effects on verbal working memory, verbal
fluency, or on the laboratory tasks designed to isolate the functions of specific neural networks.
Although the patients were not blinded to the content of their treatment, there were significantly
more reports of attention improvements in daily life after the APT treatment than after brain in-
jury education. Lending some support to the validity of these reports, reports of everyday atten-
tion benefits correlated with improvement in PASAT scores. This was a small study, with 14
participants, all with moderate-severe injuries. Two subjects were not included in the structured
interview to assess improvement because they did not recall their participation in the treatment.
This situation is problematic, as it reduces the sample size to 12 and raises concerns about gene-
ralization to patients with substantial memory impairment. In addition, there were several statis-
tical tests, with no adjustment for multiple testing.

Comparator Group. Other CRT Content

Two trials (Neimann et al. 1990; Ruff et al. 1994) studied the impact of an attention training
program, compared to a memory training program, on measures of attention; thus memory train-
ing served as the control treatment.

Neimann et al. (1990) provided approximately 36 hours of training on 3 different aspects of
attention, or a comparable amount of training on internal and external memory strategies. Neuro-
psychological measures of attention and memory were assessed. Based on a significant result
from a MANOVA test for the four attention measures, the authors reported “partial support” for
the treatment prediction that attention training would provide more robust impact on attention
measures than the comparison memory training. However, in post hoc testing, only one of the
attention measures differed significantly between groups. Inspection of the pattern of improve-
ment suggests that three attention measures improved more in the group that received attention
training, and one improved more in the group that received memory training.

Ruff et al. (1994) conducted a similar study in which the two treatment groups received both
attention training and memory training, but in counterbalanced order. However, the authors did
not conduct statistical testing at the midpoint of treatment (when a parallel group comparison
would have been possible) because of the small sample size. They report benefit in both domains
at the end of combined treatment, but inspection of the pattern of scores at the midpoint suggests
that some attention measures improved more in one group and some in the other.

Pre-Post Designs

Park et al. (1999) studied the effects of 40 hours of APT training in 23 individuals with
chronic, moderate-severe TBI using the PASAT and Consonant Trigrams tests as outcome
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measures, along with the Beck Depression inventory. Stathopoulou and Lubar (2004) studied
five people with severe brain injury between 1.5 and 23 years postinjury. The patients received
18 hours of attention training using “Captain’s Log,” a commercial computerized product that
administers tasks involving various challenges to verbal and visual attention and memory. Partic-
ipants were tested only once pre and once post, using digit span and digit symbol subtests of the
Wechsler Adult Intelligence Scale (WAIS), the PASAT, a continuous performance test, a self-
report measure of severity of a number of attention and memory symptoms rated on a 5-point
scale from “no problem” to “severe problem,” and Electroencephalogram (EEG) spectral meas-
ures. These studies—all of which were conducted at a time when rapid natural recovery would
be unexpected—showed improvement in some of the outcome measures relevant to treatment.
However, none of these studies had an adequate control for practice on the outcome assessments
themselves, which were assessed twice, so none provides strong support for a treatment effect.

Single-Subject, Multiple Baseline Experiment

Gansler and McCaffrey (1991) conducted four single-subject experiments in which individu-
als with severe TBI—4 to 27 years postinjury—received repeated testing on a set of information
processing measures modeled on Posner’s attention components. The measures were adminis-
tered weekly, beginning 4 weeks prior to training, during the 8 weeks of training, and at one
month after training. Training consisted of 8 weeks of hierarchically organized modules of atten-
tion totaling about 64 hours. Other psychological measures were also administered weekly and
neuro-psychological measures at baseline, after training, and at follow-up; participants also com-
pleted a self-assessment of ADL performance and their satisfaction with it. Improvement on at-
tention measures and psychological measures was negligible for all participants, though there
were larger effects on self-appraisal of ADL performance. This result could suggest that the
treatment imparted compensatory skills for managing attention deficits that were evident in real-
world ADL tasks but not on controlled attention processing tasks. However, the result is also
consistent with biasing of self-reported benefit because of expectation.

CONCLUSIONS: ATTENTION

The committee found limited evidence from one RCT (Sohlberg et al. 2000) to sup-
port conclusions about the impact on patient-centered outcomes (quality of life, func-
tional status) in moderate-severe TBI.

The committee found limited evidence from one RCT (Gray et al. 1992) on long-term
impact of treatment (6 months) in the subacute phase as assessed with psycho-metric
measures, particularly the type requiring numerical manipulation in working memo-

ry.

Considering subacute and chronic studies together, the committee found limited evi-
dence from two studies (Sohlberg et al. 2000; Grey et al. 1992), that intensive practice
of hierarchical attention-demanding tasks had a positive impact on psycho-metric
measures of attention in the immediate posttreatment period and/or at follow-up.
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The review did not include any RCTs or other study designs on CRT for attention in mild
TBI. Two studies (Gray et al. 1992; Novack et al. 1996) provided limited evidence to conclude
that CRT improves attention in subacute, moderate-severe TBI patients. In studies of moderate-
severe TBI patients in the chronic phase of recovery, a few, relatively small RCTs with several
methodologic limitations provided mixed support for treatment benefit. These trials tested inten-
sive practice of hierarchical attention-demanding tasks on some psycho-metric measures of at-
tention, with positive immediate outcomes. However, none studied the durability of benefits, and
only one study assessed treatment impact with respect to patient-centered outcomes (i.e., Sohl-
berg et al. [2000] found a preliminary association of improved psycho-metric measures of atten-
tion with real-world benefits). Data from pre-post designs, although consistent with some treat-
ment benefit, provide weak support because of the possible confounding effect of practice on the
outcome measures.

Several of the RCTs with equivocal results (Niemann et al. 1990; Ruff et al. 1994) used in-
tensive memory training as a control condition. Since all tasks requiring effort place demands on
attention, it is possible that the overlap in treatment outcomes between treatment groups in such
studies reflects the overlap in mental demands of treatment content, potentially attenuating or
accounting for the lack of finding of differences in attention outcomes. Of note, the two studies
that provided the strongest support for the efficacy of hierarchical attention training employed
non-CRT comparator conditions.
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Chapter 8

Executive Function

OVERVIEW

Executive function is generally described as a set of integrated cognitive processes necessary
to perform or accomplish everyday life activities. These cognitive processes allow individuals to
plan or develop goals, initiate behavior, solve problems, anticipate consequences of actions,
monitor progress toward goals, reason, strategize, direct attention to goal-relevant information,
and manage time and space (Cicerone et al. 2000; Kennedy et al. 2008). Deficits in executive
functions may include an inability to perform these cognitive processes or a lack of awareness
that these or other cognitive and physical deficits exist and impede everyday life (Kennedy et al.
2008; Stuss 1991). Therefore, this chapter reviews the evidence for treatment of executive func-
tion in two main sections: awareness (i.e., deficits in self-awareness) and non-awareness (e.g.,
deficits in problem solving, planning, initiating behavior). Because executive function incorpo-
rates a number of subprocesses, and there is no consensus on precisely how to subdivide this
complex domain, treatment development has typically focused on addressing individual sub-
components rather than the entire domain of executive function. Multiple approaches to the larg-
er executive domain are sometimes included in comprehensive treatment programs. The commit-
tee’s conclusions are provided at the end of each section, in awareness and non-awareness.

AWARENESS

The committee could not find any randomized controlled trials (RCTs) of mild traumatic
brain injury (TBI) and awareness, perhaps reflecting the fact that awareness deficits are more
typically associated with more severe injuries. The committee reviewed four studies of partici-
pants with moderate-severe injuries who were in the chronic stage of recovery—two RCTs (Go-
verover et al. 2007; Cheng and Man 2006) and two single-subject, multiple baseline experiments
of treatments intended to improve awareness of deficits (Sohlberg et al. 1998; Toglia et al. 2010).
The committee did not find any nonrandomized, parallel group studies or pre-post designs on
awareness.

Chronic Phase of Recovery, Moderate-Severe TBI

Randomized Controlled Trials

Goverover et al. (2007) examined the effects of an awareness training protocol embedded
within the practice of instrumental activities of daily living (IADL) as compared to IADL train-
ing without any self-awareness training. The 20 participants had moderate-severe injuries that
occurred an average of about 10 months prior to trial entry; participants’ phase of recovery
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ranged between the subacute and chronic stages. Participants were randomly assigned to either
group, and treatments were provided in six, 45-minute sessions, two or three times per week,
across 3 weeks. Tasks were identical in the treatment and control groups; however the treatment
group participants were asked to predict their own performance on the IADL tasks and to self-
evaluate performance immediately after tasks. They received immediate feedback from therap-
ists, as well as instruction to write about their experiences in a journal. Improvement in task-
specific self-awareness (AAD scores) was not significantly different between the groups. Im-
provement in a self-regulation skill inventory was significantly greater in the treatment group,
after adjusting for baseline scores. Functional performance as reflected by Assessment of Motor
and Process Skills (AMPS)scores also improved significantly more for the treated group than for
the control group. Distal outcomes (e.g., secondary measures) were not significantly different
between the groups, including an Awareness Questionnaire.

Cheng and Man (2006) investigated a newly developed Awareness Intervention Program
(AIP) compared to a conventional rehabilitation program. The AIP focused on improving aware-
ness of the patient’s disease and related deficits such as physical or cognitive function. The AIP
included educational sessions based on the types of deficits manifested by the patients and func-
tional training sessions, in which patients practiced setting performance goals and then evaluat-
ing their own performance against those goals. The conventional rehabilitation program included
physical, functional, and cognitive aspects of occupational therapy. The 21 subjects participating
in the study were in the subacute phase of recovery from what was likely moderate-severe TBI.
The AIP treatment program consisted of two individual sessions a day, 5 days per week, for 4
weeks. The AIP group demonstrated significantly improved awareness as compared to the con-
ventional rehabilitation group. Functional outcomes did not differ between the groups.

Single-Subject, Multiple Baseline Experiments

Sohlberg et al. (1998) conducted a pilot study to assess three categories of awareness meas-
ures administered to three individuals with moderate-severe brain injury and their caregivers.
Individuals were 7 to 21 years postinjury. This pilot study intended to determine which set of
outcome measures would be more useful for further research in awareness interventions. Two
groups of outcome measures were used to determine improved awareness in participants: beha-
vioral indicators (e.g., increased independence, decreased interruptive behavior) and perceptions
(self- and others’ [e.g., caregivers]) regarding awareness abilities (e.g., caregiver ratings and self-
ratings of competency, self-judgments about likely cognitive breakdowns depicted photographi-
cally, or global ratings by a significant other). The treatment consisted of showing patients pic-
tures of activities they were likely or unlikely to experience as cognitive failures (e.g., forgetting
peoples’ names, forgetting to move the wet laundry from the washing machine to the dryer). To
judge self-awareness, the examiner asked each subject whether the photographs represent prob-
lems they were likely or unlikely to experience. Qualitative analysis suggested dissociation be-
tween behavioral and perceptual indicators of awareness. Behavioral measures showed improved
awareness after treatment; others/self-perception measures showed no change in awareness.

Toglia et al. (2010) conducted a single-subject design trial with four subjects, using a multi-
context approach to promote strategy use across situations and increase self-regulation, aware-
ness, and functional performance. Treatment included nine, 75-minute treatment sessions, pro-
vided twice a week for approximately 5 weeks. Sessions were divided into three phases: error-
discovery, strategy training and mediation, and reinforcement of strategy. Each session included
different multi-step (i.e., 10—15 steps) tasks, approached in various settings such as a kitchen or
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office. In qualitative analysis, participants demonstrated improvement in self-regulatory skills
and strategy use. General awareness of deficits remained unchanged in these subjects.

CONCLUSIONS: AWARENESS

e The committee found no evidence from two RCTs (Cheng and Man 2006; Goverover et
al., 2007) that self-awareness training produced an overall increase in self-awareness
beyond the types of tasks and activities that were the subject of self-appraisal (i.e., pa-
tient-centered outcomes).

e The committee found no evidence from two RCTs (Cheng and Man 2006; Goverover et
al. 2007) that measured post-treatment follow-up to show whether awareness treatment
effects were maintained.

e The committee found limited evidence from two RCTs (Cheng and Man 2006; Gove-
rover et al. 2007) that showed an immediate increase in accuracy of self-assessment and
self-regulation from treatments that involved practice in prediction and evaluation of
task performance, for individuals with chronic stage, moderate-severe TBI.

The committee found no studies of cognitive rehabilitation therapy (CRT) for awareness def-
icits in mild TBI or subacute, moderate-severe TBI. The committee reviewed two RCTs and two
single-subject, multiple baseline studies to address awareness deficits in patients with moderate-
severe TBI in the chronic phase of recovery. The evidence provides no support for long-term
treatment effect. Treatment effects show benefit for immediate/short-term outcomes, such as im-
provement in self-regulatory skills.

NON-AWARENESS

The committee reviewed eight RCTs of treatments intended to improve cognitive aspects of
executive function (i.e., aspects other than self-awareness). These studies speak primarily to
treatments for individuals in the chronic phase with at least moderate injuries. Seven of them
were conducted in the chronic phase, with one (Couillet et al. 2010) enrolling patients in both
subacute and chronic phases. Seven of the studies enrolled only participants with traumatic inju-
ries, while one (Evans et al. 2009) included a mixture of individuals with TBI and stroke, al-
though a majority had TBI. Most studies included only patients with moderate or severe injuries,
while two RCTs (Levine et al. 2000; Rath et al. 2003) included individuals with mild injuries;
however the results in these two studies were not separated by subgroup for analysis. One study
(Evans et al. 2009) defined severity with respect to the executive impairment of interest, rather
than injury severity. The ages of those treated ranged from the late 20s to early 40s. The studies
enrolled a total of 218 participants, with sample sizes in each treatment arm ranging from 5 to
30. Two of these studies compared the experimental intervention to no treatment (Hewitt et al.
2006, used an unfilled waiting interval; Evans et al. 2009, used “usual care”), one to a physical
skill training intervention (Levine et al. 2000), and five to other forms of cognitive treatment.
Five of the treatments studied were compensatory in nature, two (Evans et al. 2009; Couillet et
al. 2010) were restorative, and one (Constantinidou et al. 2008) was less clearly classifiable be-
tween restorative and compensatory. The committee also identified 4 nonrandomized, parallel
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group designs, 4 pre-post single group designs, and 6 single-subject, multiple baseline experi-
ments.

Chronic Phase of Recovery, Moderate-Severe TBI

Comparator Group.: No or Minimal Content

Evans et al. (2009) evaluated the effectiveness of a 5-week cognitive—motor dual-tasking
training program developed to improve the performance of a group of people with divided atten-
tion difficulties arising from brain injury and thought to place demands on executive function. A
treatment group of 10 people was compared with a control group of 9; the control group received
no training. The intervention involved twice-daily exercises involving walking in combination
with tasks of increasing cognitive demand over the course of the intervention. The primary out-
come measure was a task requiring participants to walk and carry out a spoken sentence verifica-
tion task simultaneously. Secondary outcome measures were measures of dual-tasking involving
either two motor tasks or two cognitive tasks. A questionnaire measure relating to daily activities
requiring divided attention was also completed. Compliance with the training program was good.
Results showed evidence of improvement in performance on the primary outcome measure, but
little evidence of generalization to other measures. Some evidence showed that participants be-
lieved their dual-tasking performance in everyday life improved after the intervention. The study
was limited in terms of sample size, was not blinded, and did not control fully for therapist con-
tact time, but it has produced valuable data relating to effect sizes associated with this form of
intervention.

Hewitt et al. (2006) assessed participants’ ability to develop a plan to accomplish a minimal-
ly familiar task such as planning a trip. Participants were asked to list the steps required to ac-
complish a simulated task prior to treatment. They were randomized to then have a 30-minute
break or 30 minutes of instruction in an approach to task planning that asked them to recall an
example of a similar activity that they had planned in the past and consider that task in planning
a new one. The outcome measures were number of steps listed and effectiveness of the new plan,
and they were assessed immediately after the break/strategy training by raters blinded to the
group assignment. Both groups improved on these measures, with the strategy training group
improving more from pre- to posttest. This study suggests that such a strategy is useful in im-
proving the planning of complex activities, but doesn’t answer the question of whether the strat-
egy can be trained in such a way that it is retained and used in daily life.

Comparator Group.: Non-CRT Content

Levine et al. (2000) assessed a strategy entitled Goal Management Training (GMT), in which
an overt sequence of steps leading from a goal, to a set of actions to accomplish the goal, to a
checking process that assesses progress toward that goal, is taught as a way to enhance the com-
pletion of goal-directed activities. Participants attempted to perform a set of laboratory-based
simulations of real-world tasks, which were scored for time and errors. The participants were
then randomized to receive either a motor skills training group or a GMT group for a single, 4- to
6-hour training session. In the GMT group, the training session involved didactic teaching of the
GMT concept and practice applying it to a set of simulated activities similar to those used at
baseline. Subsequently, both groups were reassessed on a similar set of simulated activities. The
degree of improvement in errors from pre- to posttesting was significantly larger for the GMT
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group than the motor skills group, and GMT group members performed some activities more
slowly, interpreted as evidence of care and “checking.” Although two of the trained activities
were used in the assessment, another task that was not part of the GMT also showed differential
improvement suggestive of short-term generalization of the strategy. This study suggests that
GMT can be helpful when used, but does not answer the question of how to achieve regular
spontaneous use of the strategy in daily life.

Comparator Group: Other CRT Content

Constantinidou et al. (2008) examined whether intensive training in categorization results in
improvement in two untrained categorization tasks, a battery of neuro-psychological tests, and a
functional assessment scale. The comparison group received “usual care” including a range of
cognitive rehabilitation activities, but without an intense focus on categorization training. Both
groups received approximately 60 hours of training over about 13 weeks. The experimental
group performed significantly better on both categorization tasks after treatment than the com-
parison group, whereas the two groups did not differ significantly prior to treatment. Also, the
ability to categorize appeared better maintained across follow-up probes in the experimental
group. Both groups improved on a number of the neuro-psychological measures, and the experi-
mental group improved significantly on more of them. However, a comparison of change in neu-
ro-psychological measures was not conducted. Functional improvement was comparable be-
tween the two groups. These conclusions are tempered by the small group size, the fact that
direct tests of the group*time comparison were not statistically significant, and the lack of direct
comparison of the neuro-psychological outcomes.

Couillet et al. (2010) conducted a randomized crossover design addressing divided attention
difficulties. The study included 12 patients at a subacute or chronic stage of recovery after severe
TBI. Treatment consisted of training to perform two concurrent tasks using a hierarchical order
of difficulty that progressively increased task difficulty following each patient’s individual im-
provement. A variety of task combinations were used during training. The control group prac-
ticed a range of computerized and paper and pencil tasks that did not require divided attention.
Training lasted 6 weeks, with four, 1-hour sessions per week. Outcome measures included spe-
cific divided attention measures, other executive and working memory tasks, nontarget cognitive
tasks to assess the specificity of treatment, and the Rating Scale of Attentional Behaviour ad-
dressing attentional problems in everyday life. The authors reported a significant treatment effect
for divided attention measures and on the divided attention item of the Rating Scale of Atten-
tional Behaviour. Less consistent effects were seen on other executive and working memory
measures, and no significant effect was seen on nontarget measures.

Fasotti et al. (2000) studied a strategy training intervention entitled Time Pressure Manage-
ment (TPM), which is based on the premise that slowed information processing leads to task
failures and that strategies such as avoiding interruptions, taking the necessary time, taking paus-
es, etc., may lead to improved task performance. The experimental group was taught this strategy
and practiced it for about 7 hours over 2 to 3 weeks. The comparison group was given didactic
instruction in “how to concentrate.” Both were then assessed on two simulated tasks in which
they had to recall directions provided via videotape or perform a computer task when given rec-
orded directions. Performance on these tasks was coded with respect to specific TPM strategies
that were performed in anticipation of task problems and in response to task problems, as well as
quality of actual task performance. Both groups were also assessed on a range of neuro-
psychological and psycho-social measures. After treatment, the two groups did not differ on the
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use of anticipatory strategies; the TPM group using TPM strategies in response to task problems.
Actual task performance did not differ between the groups. Interestingly, performance on the
neuro-psychological test battery, but not the psycho-social measures, improved more in the TPM
group, despite the fact that it is not obvious how the strategies taught can be applied during stan-
dardized testing.

Rath et al. (2003) compared two multi-component group treatment programs for problem
solving deficits. Both groups received 2 to 3 hours of treatment per week over 24 weeks, al-
though the experimental group received treatment in a single, longer weekly block while the
comparison group had shorter sessions across the week. The experimental group followed a
structured lesson plan that started with problem orientation (i.e., identification of problems, atti-
tudes toward problem solving, attribution of problem sources) and then focused on applying spe-
cific problem solving strategies to real-world problems. The comparison group’s treatment fo-
cused on several different cognitive domains as well as psycho-social adjustment, but without the
specific focus on a problem solving framework. Multiple outcome measures focusing on atten-
tion, memory, problem solving, emotional adjustment, and physical symptoms, as well as care-
giver reports, were assessed. Unfortunately, 5 of 32 participants assigned to the experimental
group and 9 of 28 participants assigned to the comparison group dropped out prior to outcome
assessment (nearly 25 percent overall). Moreover, the degree of improvement seen in the two
groups was not directly compared statistically. Relative improvement between the two groups
was impossible to assess because the outcome measures that improved significantly within each
group (10 measures in the experimental group, 8 in the comparison group) were reported with
effect sizes. However, no effect sizes were reported for those measures that did not improve sig-
nificantly, nor were confidence intervals around the effect sizes reported. Both groups appeared
to show significant improvement in a wide range of measures, but some of the measures are sub-
ject to practice effects and/or expectation of improvement.

Webb and Glueckauf (1994) assessed whether participant involvement in setting and review-
ing treatment goals affected progress toward those goals or retention of improvement. Two
groups participated in the identification of a priority behavioral goal, as well as a goal attainment
scaling (GAS) exercise to anchor potential outcomes with respect to that goal into a 5-point
scale. One group was involved in more intensive discussion of the goal and more intensive re-
view and reflection on the goal and progress toward it at weekly follow-up sessions. Both groups
made progress on the GAS scale from pre- to posttreatment. The intensive goal group maintained
this improvement at 2-month follow-up, whereas the other group regressed by the follow-up as-
sessment. Each group lost participants; two dropped from the intensive training, and three
dropped out from the other. Moreover, the degree of GAS improvement or maintenance was not
statistically assessed head to head.

Nonrandomized, Parallel Group Designs

Fong and Howie (2009) studied a program of explicit problem solving training. Experimental
and control groups were formed from pairs of participants matched on demographic and injury
severity measures. All participants received conventional cognitive training composed of func-
tional skills training. The experimental intervention consisted of additional explicit training in
problem solving skills with an emphasis on metacomponential strategies, delivered in 22, 75-
minute sessions over 15 weeks. The treatment was oriented toward the primary metacomponents
of problem solving: defining the problem, representing the problem, planning problem solving
strategies, monitoring selected strategies, and evaluating outcomes. Patients from the treatment
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group improved significantly on tests that assessed metacognitive ability. The significance level
of this result would not have survived corrections for multiple comparison, and it was not clear
which of the 22 outcome measures would have been considered sufficiently relevant to require
correction.

This and the other nonrandomized, parallel group studies (Cicerone 2002; Man et al. 2006;
Manly et al. 2002), single group pre-post studies (Constantinidou et al. 2005; Fish et al. 2007;
Marshall et al. 2004; Serino et al. 2007), and single-subject, experimental designs (Dawson et al.
2009; Delazer et al. 1998; Ehlhardt et al. 2005; Nott et al. 2008; Vallat-Azouvi et al. 2009; Zen-
cius et al. 1998) provided modest support for the conclusions of the RCTs. In general, the me-
thodology of these studies was weaker, not only due to the nonrandomized nature of treatment
assignment or single group design, but also due to very small sample sizes and inappropriate use
of statistics in some cases. Like several of the RCTs, many were pilot studies or proof-of-
principle trials that aimed to test the potential for a new intervention to be utilized in larger stu-
dies with more substantial statistical power.

In addition, the generalizability of some of the studies was limited due to extensive methodo-
logical overlap between the intervention and the primary outcome measures (e.g., Constantinidou
et al. 2005; Ehlhardt et al. 2005, Marshall et al. 2004). However, supportive evidence was pro-
vided for interventions that demonstrated early promise, some of them with implications for the
functional consquences of the interventions. Externally originated alertness enhancement (ran-
dom beeps during a reasoning task) facilitated attention and reasoning performance during a
time-allocation task (Manly et al. 2002). The notion that metacognitive interventions such as
context-free reminders could be successfully applied to facilitate memory for real-world tasks
was also supported (Fish et al. 2007).

CONCLUSIONS: NON-AWARENESS

Not Informative

e The committee found studies of goal management training, intensive goal setting, famil-
iar tasks as a planning template, and TPM (Hewitt et al. 2006; Levine et al. 2000; Con-
stantinidou et al. 2008; Fasotti et al. 2000) not informative for conclusions about the
impact on patient-centered outcomes (quality of life, functional status).

e The committee found studies of goal management training, intensive goal setting, famil-
iar tasks as a planning template, TPM, or training in divided attention (Hewitt et al.
2006; Levine et al. 2000; Constantinidou et al. 2008; Fasotti et al. 2000; Evans et al.
2009; Couillet et al. 2010) not informative regarding measures of posttreatment follow-
up to show whether goal management training treatment effects were maintained.

e The committee found studies of goal management training, intensive goal setting, famil-
iar tasks as a planning template, and TPM (Hewitt et al. 2006; Levine et al. 2000; Con-
stantinidou et al. 2008; Fasotti et al. 2000) not informative to show benefit from goal
management training beyond the training session for individuals with chronic, mod-
erate-severe TBI.
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Limited Evidence

e The committee found limited evidence for conclusions about the impact (efficacy) of
training in divided attention on patient-centered outcomes (Couillet et al. 2010; Evans
et al. 2009).

e The committee found limited evidence that training in divided attention led to imme-
diate enhancement of divided attention performance beyond the combination of tasks
trained (Couillet et al. 2010; Evans et al. 2009).

In summary, the committee evaluated a wide range of strategies, primarily compensatory, in
patients with executive deficits related to moderate-severe TBI. There is evidence that GMT, us-
ing prior planned tasks as guides to planning new tasks, intensive involvement in goal setting,
and delivery of content-free alerting stimuli during performance of complex tasks may enhance
task accomplishment. However, these studies did not establish the spontaneous use of these
strategies after longer-term treatment or the breadth of tasks for which such strategies might be
beneficial. The evidence for TPM is weaker since the use of the trained strategies did not result
in clear improvements in performance, and, again, longer-term treatment with intent to general-
ize to daily life was not studied. The benefits of categorization training are less clear from re-
search to date. Two of the trials (Hewitt et al. 2006; Levine et al. 2000) were essentially proof of
principle studies, which assessed the immediate benefit of a single session of strategy training, as
opposed to the longer-term benefit of a course of treatment.

Studies of divided attention training provided somewhat conflicting results. Both studies
suggest improvement in performance of combinations of tasks that were performed together in
training (Couillet et al. 2010; Evans et al. 2009), but only one (Couillet et al. 2010) suggested
generalization to other task combinations. Because many combinations of tasks were used in
training and their similarity to the outcome tasks is unclear, the degree of generalization implied
by the outcome task performance improvement is unclear.

Other intensive executive treatments, such as those studied by Rath et al. (2003), are difficult
to assess because of the lack of direct comparison to an alternative treatment (i.e., comparator
included other-CRT-like components). Because of the preliminary nature of most of the execu-
tive treatments studied, patient-centered outcomes were rarely included in the outcome measures.
Thus, although several compensatory strategy training approaches show enhanced executive
management of complex tasks on a short-term basis, there is limited evidence from two RCTs to
document longer-term change to demonstrate the impact of such treatments on real-world per-
formance (Couillet et al. 2010; Evans et al. 2009).
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Chapter 9

Language and Social Communication

OVERVIEW

Traumatic brain injury (TBI) may cause deficits in language and social communication,
sometimes experienced by delayed word recall or a diminished ability to detect emotion while
communicating with others. Such impairments may lead to frustrating or embarrassing expe-
riences and affect an individual’s family dynamic, social life, and employment status. Cognitive
rehabilitation therapy (CRT) interventions for language and social communication impairments
may target social or emotion perception, social skills, or communication skills. Aphasia is anoth-
er possible language impairment following acquired brain injury, although more common after
stroke than TBI. The committee did not identify literature describing CRT interventions for
aphasia after TBI. The following chapter describes controlled studies in language and social
communication, followed by the committee’s conclusions.

The committee identified and reviewed four randomized controlled trials (RCTs) of language
and social communication cognitive rehabilitation (Bornhofen and McDonald 2008a, 2008b;
McDonald et al. 2008; Dahlberg et al. 2007). The committee found no studies of CRT for the
domain of language and social communication for mild TBI, or for moderate-severe TBI in the
subacute phase. All four trials were in the outpatient setting and enrolled moderate-severe TBI
patients in the chronic phase of recovery. Two of the four RCTs focused solely on CRT for emo-
tion perception deficits, one RCT focused on social communication skills training, and one RCT
incorporated a combination of both social skills training and social/emotion perception training.
To be included, participants generally had to have sufficient language and cognitive capability to
participate in a group, and have impairment in social communication skills either based on a
questionnaire or a referring clinician’s assessment. One of the four RCTs had some form of CRT
in both trial arms but also included comparison to a waitlist arm. The committee also identified
one nonrandomized, parallel group controlled design (Hashimoto et al. 2006). This study was in
the chronic phase of recovery for patients with moderate-severe TBI. Subjects were instructed on
social skills training; no treatment was provided to the comparator arm (Hashimoto et al. 2006).

CHRONIC, MODERATE-SEVERE TBI

Randomized Controlled Trials

Two trials focusing on treatment of emotion perception deficits were reported by Bornhofen
and McDonald (2008a; 2008b). Emotion perception was defined as “accurate decoding and in-
terpretation of visual and aural stimuli that signal 1 of 6 emotional states.” The CRT program
reported by Bornhofen and McDonald (2008a) included group activities, and a notebook and

9-1
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home practice to teach increasingly complex skills on emotion perception. Sessions were held
twice weekly, for 1.5-hours each over 8 weeks; 25 hours total. One therapist (background not
described) was assigned to every two or three participants. The 12 participants were receiving
outpatient services for TBI and were recruited and allocated at random to treatment or to a wait-
list group; there was one dropout. Study outcomes were measures of facial expression (naming
and matching), The Awareness of Social Inference Test (TASIT), and psycho-social reintegra-
tion. Immediately posttreatment, the intervention yielded significantly better TASIT scores rela-
tive to the waitlist group. While the intervention group scored better posttreatment on one form
of the facial expression measure (matching), the groups scored the same on the alternate form of
the facial expression measure (naming), and psychosocial reintegration. One month follow-up
scores in the treatment arm were significantly higher than scores prior to treatment on all meas-
ures.

The other trial reported by Bornhofen and McDonald (2008b) had the goal of teasing apart
the effective components of the intervention in the trial described above, by separating and com-
paring an errorless learning strategy with self-instruction training (which were combined in the
2008a study intervention), with a waitlist control group; both interventions also aimed to reme-
diate emotion perception deficits. The interventions comprised a total of 25 hours of treatment
across 10 weeks, divided into weekly, 2.5-hour sessions; in each session, a therapist worked with
a group of two or three patients. The 18 participants were randomized to one of the three study
arms; of these, there were five dropouts. Outcome measures included facial expression recogni-
tion, facial expression naming and matching, psycho-social reintegration, and depression and an-
xiety, as well as relative ratings of adjustment, social performance, and psycho-social reintegra-
tion. There were few statistically significant differences across these very small (four or five
patients per arm) arms on study outcome measures.

Dahlberg et al. (2007) used a randomized trial to evaluate an outpatient group treatment pro-
gram aimed at improving social communication skills after TBI. They employed a treatment
workbook (Social Skills and TBI: A Workbook for Group Treatment) and limited each group’s
size to eight participants. Each group met weekly for 1.5 hours for 12 weeks (18 hours) and was
co-led by professionals from social work and speech pathology. Early sessions focused on self-
assessment and goal setting, middle sessions focused on learning strategies for those goals, and
later sessions focused on generalization; homework was assigned between sessions. Family
members were involved outside the group setting. The 60 adults with TBI were randomized to
either immediate participation in the social communication program or delayed treatment 3
months later; 52 people completed the study. The early treatment arm was followed for 36 weeks
following completion of the program, and the delayed treatment arm was followed for 24 weeks.
Primary outcomes were an objective measure of social communication skills (based on blinded
raters’ assessments of videotaped interactions of the participant with research assistants, who
were blinded to group assignment); a subjective assessment of social communication; and a Goal
Attainment Scaling measure. Secondary outcomes were two assessments of community integra-
tion and one measure of life satisfaction. The researchers found that 12 weeks after the treatment
sessions had ended, the intervention versus the control group had better scores on 7 of 10 scales
of the primary outcome measure, which was the objective measure of social communication
skills, as well as on the subjective assessment of social communication. There were no differenc-
es on the secondary outcome measures. Score improvements were maintained in both groups
through 6-month follow-up.
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McDonald et al. (2008) conducted a randomized trial of social behavior and social/emotional
perception training compared to one control group receiving the same amount of time in grouped
social activities; a second control group was waitlisted. The CRT intervention was 12 weeks at 4
hours per week, or 48 hours total, at an outpatient or community facility. It included group ses-
sions each week focusing on social behavior training (2 hours) and social perception training to
help decode expressions of emotion and social inferences (1 hour). The fourth hour each week
was an individual session with a clinical psychologist who employed cognitive behavioral thera-
py (CBT) techniques to address emotional adjustment. Across the three trial arms, 51 subjects
were enrolled and randomized. Due to scheduling conflicts, nine subjects were reassigned to oth-
er arms after randomization and to balance numbers across arms. Outcomes measured included
social behavior (based on blinded raters’ assessments of videotaped encounters of participants
with an actor), measured by the Partner Directed Behavior Scale and the Personal Conversational
Style Scale; both scales are part of the Behaviorally Referenced Rating System of Intermediary
Social Skills (Revised). Other primary outcomes were the TASIT to assess social perception, and
self-reported depression and anxiety. Secondary outcomes included a relative's rating of social
behavior on the Katz Adjustment Scale, a social performance survey, a communication question-
naire, and both self- and relative ratings on a psycho-social reintegration scale. Findings showed
that the social skills treatment arm performed significantly better on the Partner Directed Beha-
vior Scale compared to the social activity or waitlist trial arms (p = 0.004; effect size 0.70).
There were no other differences across arms on any other primary or secondary outcome meas-
ures. Study limitations included insufficient power due to both attrition and to smaller effect siz-
es than anticipated, as well as the reassignment of participants from their initial randomization
arms.

Nonrandomized, Parallel Group Studies

Hashimoto et al. (2006) evaluated an outpatient, day treatment program in Japan targeting
social skills training. The treatment ranged from of a minimum of therapy for 2 hours per day,
twice each week over 3 months (52 hours), to 4 hours per day, twice per week for 6 months (208
hours). The rationale for the variation in volume of day treatment program sessions was not pro-
vided. CRT content included social skills training by a clinical psychologist/speech therapist
based on an approach of teaching improved behaviors by “redesigning the subjects’ environ-
ment.” CRT interventions also included occupational therapy, family conferences, sports, voca-
tional rehab, and cooking. Services were delivered by a rehabilitation team, including the follow-
ing: doctor/nurse, social worker, clinical psychologist/speech therapist, vocational rehabilitation
counselor, physical therapist, rehabilitation gymnastic trainer, occupational therapist, and others.
The sample was 25 adults (22 with TBI) ages 19 to 56. A control group consisted of 12 outpa-
tients with TBI from the same medical center who met eligibility criteria but did not participate
in the program. The study does not explain how participants were selected or why some selected
participants did not participate in the program. Functional Independence Measure (FIM) and
Functional Assessment Measure (FAM) scores and the Community Integration Questionnaire
(CIQ) were collected before and after participants completed the program (although it is not clear
when the data were obtained for controls). CRT recipients were compared with controls on mean
improvement in scores on these measures. While the groups did not differ on total social cogni-
tion, communication, or FIM motor score improvement, the participants improved more than
controls on 5 of 12 FIM/FAM scales including social integration, attention, memory, problem
solving, and speech intelligibility. On the CIQ, program participants improved significantly more
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on the total score and on subscale scores of social integration and productive activity than did
controls; there was no difference in improvement on home integration.

CONCLUSIONS: LANGUAGE AND SOCIAL COMMUNICATION

e The committee found the evidence of language and social communication CRT not in-
formative about impact (efficacy) on patient-centered outcomes (quality of life, func-
tional status). The evidence does not rule out a potentially meaningful effect of social
communication skills or emotional perception skills training on psycho-social outcomes
of community reintegration in adults with chronic, moderate-severe TBI (Hashimoto et
al. 2006).

e The committee found limited evidence for sustained effect of language and social com-
munication CRT among chronic, moderate-severe TBI patients from the two RCTs that
assessed sustained treatment effects. These studies found that beneficial effects on social
communication skills or emotion perception were maintained through 1 month (Dahl-
berg et al. 2007) and 6 months (Bornhofen and McDonald 2008a).

e The committee found modest evidence from a synthesis of findings across four RCTs
and one nonrandomized trial for benefit of CRT on social communication skills among
chronic, moderate-severe TBI patients. Efficacious interventions were small group,
outpatient programs, meeting once to twice weekly for approximately 3 months. These
interventions also employ a standardized protocol for social communication skills train-
ing, with or without emotion/social perception deficit training or CBT. In general, ap-
propriate candidates for these programs were individuals with demonstrated language
and social communication deficits, and who had sufficient language and cognitive ca-
pacity to participate in a group program (Bornhofen and McDonald 2008a, 2008b;
Dahlberg et al. 2007; Hashimoto et al. 2006; McDonald et al. 2008).

In summary, the committee identified and reviewed four RCTs of language and social com-
munication cognitive rehabilitation (Bornhofen and McDonald 2008a; Bornhofen and McDonald
2008b; McDonald et al. 2008; Dahlberg et al. 2007), all with chronic phase, moderate-severe
TBI patients. Two studies focused solely on CRT for emotion perception deficits, one focused on
social communication skills training, and one incorporated a combination of both social skills
training and social/emotion perception training. Participant eligibility included having sufficient
language and cognitive capability to participate in a group, and impairment in social communica-
tion skills either based on a questionnaire or a referring clinician’s assessment. The committee
also identified a nonrandomized, parallel group controlled design study of social skills training
versus a “no treatment” comparator arm (Hashimoto et al. 2006), for a total of five studies re-
viewed. There were no studies on CRT for language and social communication deficits among
patients in the subacute phase of TBI or patients with chronic, mild TBI. One noteworthy aspect
of these five CRT interventions was their relative feasibility in terms of service delivery. These
CRT interventions ranged in time from 18 to 52 hours of services over 3 months; they all in-
cluded delivery with small groups of patients; one employed an available workbook/manual; and
most involved no more than two therapists (either social work, clinical psychology, or speech
pathology, where specified). The types of intervention in these trials were either social commu-
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nication skills training, emotion perception deficit training, or both; one trial also included 12
sessions with a clinical psychologist to deliver CBT.

Despite the fact that none of the five trials had more than 30 subjects in a given treatment
arm, four of the trials yielded positive findings of the CRT intervention relative to controls on
primary study outcomes of either improved social inference ,where emotion perception deficits
was a target, (Bornhofen and McDonald 2008a), or social communication skills (Dahlberg et al.
2007; McDonald et al. 2008; Hashimoto et al. 2006); the exception to these findings was one
very small trial (Bornhofen and McDonald 2008b). Only two studies examined outcomes after
the immediate follow-up after the CRT program ended. One RCT (Dahlberg et al. 2007) found
persistence of improvements in social communication skills through 6 months after the program
ended, and another (Bornhofen and McDonald 2008a) found persistence of improvements in
awareness of social inference through 1 month after the program ended. Only the nonrando-
mized, parallel group study (Hashimoto et al. 2006) showed improvements on more “distal” out-
comes of social integration and productive activity. While not powered to detect smaller but po-
tentially meaningful effects, Dahlberg et al. (2007) and McDonald et al. (2008) found that scores
across treatment and waitlist groups on psycho-social outcome measures did not trend toward a
difference in magnitude.

There is evidence to support benefit of small group outpatient programs, meeting once to
twice weekly for approximately 3 months, and employing a standardized protocol for social
communication skills training. Applied in the community setting, such a program may or may
not include concurrent emotion/social perception deficit training and CBT. Evidence shows these
programs have beneficial impact on social communication skills among adults with moderate-
severe TBI in the chronic phase of recovery. Patients with demonstrated language and social
communication deficits should have sufficient language and cognitive capacity to participate in a
group program. Evidence does not show if any subgroups are more likely to benefit than others.
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Chapter 10
Memory

OVERVIEW

Memory impairments are common cognitive problems associated with TBI. As such, myriad
cognitive rehabilitation therapy (CRT) interventions aim to restore or compensate for memory
deficits. This chapter presents descriptions for studies by method of memory strategy (e.g., inter-
nal, external, or combined). Within these sections, the controlled studies (e.g., RCTs and nonran-
domized, parallel group) are divided by treatment comparator arm (e.g., no treatment, non-CRT
treatment, other CRT treatment); following controlled studies, the noncontrolled studies (e.g.,
pre-post or single-subject, multiple baseline experiments) are described. The chapter closes with
the committee’s conclusions for all memory studies reviewed, drawing out notable findings for
mild or moderate-severe traumatic brain injury (TBI), as possible.

The committee reviewed 13 randomized controlled trials (RCTs) of treatments intended to
improve or compensate for memory deficits. These trials varied in their intent to restore memory,
show improvements in learning, or train individuals to use external or internal aids to compen-
sate for poor memory. These trials enrolled a total of 315 study participants, with the size of the
treatment group ranging from 8 to 39. The average age of participants ranged from early 20s to
late 50s. Of the 13 trials, 12 enrolled participants in the chronic phase of recovery, averaging 4 to
7 years postinjury. One RCT enrolled participants who were in the subacute recovery phase, at 6
to 9 months postinjury (Watanabe et al. 1998).

The committee reviewed two nonrandomized, parallel group controlled studies of treatments
intended to compensate for poor memory by training the use of internal strategies. Goldstein et
al. (1996) enrolled 20 participants and O’Neil-Pirozzi et al. (2010) enrolled 94 participants. In
both studies participants were considered chronic, averaging 1 to more than 11 years postinjury;
the average participant age ranged from the 20s to the 40s. The committee reviewed six pre-post
single group design studies and six single-subject, multiple baseline (SS/MB) designs.

INTERNAL MEMORY STRATEGIES

Internal memory strategies may include the use of visual imagery or other repetitive, drilled
practices. The committee reviewed seven RCTs and two nonrandomized, parallel group studies
that used internal memory strategies; comparator arms included no treatment (n = 3), non-CRT
treatment (n = 1), and other CRT treatment (n = 5). The committee also reviewed one pre-post
single group design and five single-subject multiple, baseline experiments (SS/MB).

10-1
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TABLE 10-1 Internal Memory Strategies

Design Strategy Treatment Comparator
. . No Non- Other
Study Multiple Visual Imagery Treatment | CRT CRT
Bourgeois, et al. 2007 RCT X X
Dirette et al. 1999 RCT X X
Dou et al. 2006 RCT X X
Ruff et al. 1994 RCT X X
Ryan and Ruff 1988 RCT X X
Tam and Man 2004 RCT X X
Thickpenny-Davis and
Barker-Collo 2007 RCT X X
O'Neil-Pirozzi et al.
2010 Parallel X X
Goldstein et al. 1996 Parallel X X
Milders et al. 1998 Pre-Post X
Benedict and Wechsler
1002 SS/MB X
Ehlhardt et al. 2005 SS/MB X
Hux et al. 2000 SS/MB X
Manasse et al. 2005 SS/MB X
Controlled Studies

Comparator Arm: No Treatment

Tam and Man (2004) conducted a small RCT in which 26 participants were randomly as-
signed to four computerized learning conditions: self-paced practice, stimuli/multi-sensory feed-
back, personalized training contents, and visually enhanced presentation. Treatment dosage
ranged between 3 and 5 hours. Performance on drilled content improved significantly for all
treatment groups compared to no treatment, with the feedback group showing the most gain. On
a self-efficacy scale however, the feedback group demonstrated significant change after treat-
ment, whereas others’ self-efficacy did not change. None of the groups improved significantly on
the Rivermead Behavioural Test. The group that received stimuli/multi-sensory feedback ap-
peared to improve memory for drilled content, which also may be related to their changes in self-
efficacy for memory ability. It is unclear if improvement was related to the treatment, spontane-
ous neurological recovery, or other treatment participants were receiving at the time. With six
and seven participants per group, interpretation and generalizability are limited. Also, specific
time since injury was not reported, though individuals fewer than 3 months from injury were ex-
cluded.

Thickpenny-Davis and Barker-Collo (2007) conducted a small RCT that included moderately
and severely injured participants) who were more than 1 year postinjury. The 14 participants
were randomly assigned either to receive a structured memory program or to join a waitlist. The
memory intervention consisted of educating participants about memory (four parts of memory:
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attention, encoding, storage, and retrieval), assisting participants in understanding their own
memory impairment and its effects, introducing and practicing strategies to aid memory and
learning, and assisting participants in identifying the most appropriate and useful strategies for
them. Strategies included didactic teaching, small group activities, discussions, problem solving
and practice implementing memory strategies, errorless learning, and repetition. Postinterven-
tion, the experimental group as compared to the control group improved in many neuro-
psychological measures of memory (California Verbal Learning Test [CVLT]) long delayed free
recall, Wechsler Memory Scale (WMS) logical memory delayed recall, and response time on the
attention test (Continuous Performance Test [CPT]). The experimental group also showed in-
creased knowledge of memory/memory strategies, increased use of memory aids/strategies, and
decreased behaviors indicative of memory impairment. Results were maintained at follow-up
with the exception of response time on the attention test and immediate recall of narratives on the
WMS. In addition to the initially small sample sizes, four of the seven participants in the waitlist
control drop dropped out before providing posttreatment and follow-up measures.

O’Neil-Pirozzi et al. (2010), a large nonrandomized, parallel group study, examined the ef-
fects of memory training on individuals with mild, moderate, and severe injuries. Of the 94
enrolled participants, 54 received memory intervention and 40 received no specific intervention.
Memory intervention, called -lMEMS focused on memory education and teaching individuals to
use internal memory strategies, particularly “semantic association (i.e., categorization and clus-
tering); semantic elaboration/chaining and imagery were emphasized secondarily (O’Neil-Pirozzi
et al. 2010).” The memory intervention included 12 group sessions, 90 minutes each, held twice
each week for 6 weeks, totaling 18 hours. Primary outcome measures were memory performance
on the Hopkins Verbal Learning Test — Revised and the Rivermead Behavioural Memory Test II.
Additional standardized tests of memory and executive functions were included. The treatment
group demonstrated significant improvement on T-tests after treatment. Over time, these im-
provements went beyond changes in the control group. Regressions were used to determine if
performance could be predicted after treatment (or second testing of control group). Consistent
with the hypothesis, treatment predicted performance on both primary outcome measures at the
second testing. Participants who received memory intervention improved more than those who
did not. Furthermore, mild and moderately injured participants improved beyond those severely
injured, even though the severely injured participants still improved beyond severely injured par-
ticipants who received no treatment. At 1 month posttreatment, no significant changes were seen
in memory performance. Aside from the limitation of not being completely randomized, the pre-
post study design provides some evidence that the instruction of internal memory strategies has
positive treatments effects when compared to no treatment, even for individuals who are at least
1 year postinjury.

Comparator Arm: Non-CRT Treatment

Ryan and Ruff (1988), a small RCT, enrolled 20 mildly to moderately injured participants
who averaged 5 to 6 years postinjury. Participants were randomly assigned to the memory strate-
gies arm or to the control arm. The memory strategies arm included training to use internal
memory strategies such as associational tasks, chaining, rehearsal, visual imagery, and ritualized
recall. The control group received psycho-social support and played cognitive games. Each
group received 48 hours of treatment over 6 weeks. On neuro-psychological measures of memo-
ry, both groups improved after treatment, however those who were mildly injured and received
strategy training improved significantly more than moderately injured participants in both
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groups, as well as mildly injured participants in the psycho-social support group. Participants
were not available for follow-up and no patient-centered measures were included. This study’s
limitations include its small number of participants and data analysis by severity post hoc, even
though it makes sense scientifically to examine treatment effects by injury severity. It should be
noted however, that this was one of the earliest studies in memory intervention to find a severity
effect.

Comparator Arm: Other CRT Treatment

Bourgeois et al. (2007), another modest-sized RCT, involved adults (average age 42) with
persisting memory problems several years after a documented closed head injury. Participants
also needed a family member willing to participate. Participant-caregiver pairs were assigned to
either spaced retrieval training or a didactic control therapy that consisted of strategy education.
Assignments were made using stratified pairing based on race and sex (quasi-experimental).
Both interventions were delivered via telephone by clinician trainers. After initial face-to-face
assessments of cognitive difficulties and social participation (Community Integration Question-
naire), the trainer discussed treatment goals with the patient and caregiver, and the group selected
three specific goals. The trainer then provided memory logs and asked patients and caregivers to
record the frequency with which each problem occurred over the next week. The trainer called
the participant the following day to make sure instructions and data collection methods were un-
derstood. The trainer then called participants four to five times weekly for 30-minute sessions.
Participants in the spaced retrieval group received an instructional technique focused on selected
goals. During sessions, the therapist modeled correct responses to questions related to the goals
and instructed the participants not to struggle to retrieve responses, but to respond immediately.
Participants in the control arm received the same total amount of therapy time in sessions that
included discussion about memory strategies such as association, verbal rehearsal, imagery, and
written reminders. Outcomes included goals mastered, generalization, the frequency of reported
memory problems, cognitive difficulties scale, and community integration. Immediately and at 1
month posttraining, the space retrieval group (and their caregivers) reported more treatment goal
mastery and use than the didactic instruction group (and their caregivers). Both groups reported
some generalization to other nontargeted behaviors, but the difference between these improve-
ments among groups was not statistically significant. There were no reported important or statis-
tically significant improvements in quality of life between or within groups on these measures.
One limitation was that data about “objective, observable behaviors” related to selected goals
was obtained from memory logs, and these data were sometimes incomplete or not turned in. Of
the 51 pairs that agreed to participate, only 38 completed the study: 22 spaced retrieval training
pairs and 16 didactic control pairs.

Dirette et al. (1999), a small RCT, included 30 participants, the vast majority of whom had
mild, moderate, or severe TBI. Injury severity was distributed equally across two treatment arms:
one in which internal compensatory strategies (verbalization, chunking, pacing) were taught and
one in which remedial computer work involving visual processing was provided. Both treatments
were delivered via a computer for a total of 3 hours, in four, 45-minute sessions, once per week
for 4 weeks. The compensatory strategies came from a program called “IQ Builder,” which in-
cluded “memory for numbers” and “memory for letters.” Outcomes included weekly measure-
ment of working memory using the PASAT and two pre-post measures of computer-based visual
processing for data entry and reading. Following treatment, both groups improved significantly
on weekly and posttreatment measures, although performance did not differ by group, i.e., there
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was no treatment effect for learning internal compensatory strategies. Demographic variables,
including injury severity and time since injury, did not account for participants’ performance ei-
ther. Post hoc analyses of self-report and observations of strategy use indicated that about 80
percent of all participants, regardless of which treatment they participated in, used compensatory
strategies. Unfortunately, treatment dosage was very low; there was no description of the instruc-
tion of the strategies. Furthermore, only F statistics and p-values were presented, which limits the
applicability of these results to inform future research and interpretation.

Ruff et al. (1994) conducted a small RCT that involved 15 participants with severe TBI. Par-
ticipants were randomized into two groups, in which the order of receiving restorative attention
therapy and compensatory memory therapy was counterbalanced, i.e., both groups received both
kinds of therapy in a crossover design. Participants received 20 hours of therapy via a computer
program called “THINKable.” Outcomes were computer scores, neuro-psychological tests of at-
tention and memory, and behavioral assessments. After intervention, the computer scores
showed significant improvement in attention but no significant improvement in memory. Results
of the neuro-psychological measures were mixed: immediate memory improved while delayed
memory did not; only one attention measure improved. Self and other behavioral assessments of
memory-based behavior did change after intervention, but only observer rating of attention-
related behavior showed significant change after intervention. Thus, this study provides nonspe-
cific, limited evidence on the efficacy of internal compensatory memory training (versus atten-
tion training) in that although subjective ratings showed improved memory, improvement on
computerized memory scores and neuro-psychological test scores was inconsistent.

Dou et al. (2006), a small RCT, involved 30 participants with TBI who were several months
post neuro-surgery. Exclusion criteria include a history of psychiatric problems or computer
phobia. Participants were randomly assigned to three groups: computer assisted memory train-
ing, therapist assisted memory training, and a control group that did not receive any specific
memory training. In the computer assisted training, participants were asked to identify or define
the information to be learned with computerized assistance. This decontextualized training con-
sisted of instruction in internal, compensatory memory strategies aimed at memory and man-
agement of typical daily activities. The computer then provided the necessary information for the
participants to generate correct decisions through an errorless approach. Participants were not
encouraged to engage in guesswork, to avoid mistakes, and were told to consider alternatives to
and consequences of an intended action. The therapist assisted training covered the same content
but converted the instruction into a picture album; therapists gave directions face to face. The 15
hours of training were delivered in 20 sessions occurring 6 days a week, with each session last-
ing about 45 minutes. Immediately after treatment, both groups improved on multiple standar-
dized measures of memory (Neurobehavioural Cognitive Status Examination, Rivermead Beha-
vioural Memory Test) compared to the no-treatment group, although not on every measure. The
treatment groups performed similarly in comparison to each other. Performance was the same at
1 month posttreatment. Thus, there appears to be some benefit to those at a chronic recovery
stage to learning to use to internal, compensatory memory strategies; the delivery (therapist ver-
sus computer) does not appear to matter. Estimates and effect sizes were not provided, so the re-
sults cannot be used to inform the design of future studies.

Goldstein et al. (1996), a small nonrandomized, parallel group study, enrolled 20 participants
with TBI and persistent amnesia who were provided with computerized instructions on how to
create stories from word lists (“The Ridiculously Imaged Story” technique). Of the 20 partici-
pants, 10 received the computerized presentation on how to make associations between names
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and faces, as well as additional initial coaching and instruction about the cues the computer
would provide for the list-story task. The other participants were instructed to make these associ-
ations using the original therapist delivery mode (Goldstein et al. 1988). Both groups were
trained in these imagery techniques using roughly equivalent procedures. Data from 10 partici-
pants in a previous study that used therapist delivery were included as a comparison group. The
number of words recalled from lists appeared to improve during generalization trials, though no
individual trials were significantly different between computerized and the noncomputerized
comparison group, (from original data in Goldstein et al. 1988). After treatment, both groups re-
called significantly more from examiner-provided lists when compared to pretraining, and the
computerized group appeared to improve slightly more. On participant-provided lists, pretreat-
ment to posttreatment recall improved significantly, though the computerized group lost its ad-
vantage. On the name-face learning task, the computerized group had a clear advantage over the
original method group, both in learning trials and pre- and posttreatment comparisons; in fact,
the therapist delivery group did not recall significantly more names after treatment. Authors
stated that the decontextualized methods did not provide evidence of long-term use of learned
strategies to improve memory, though there was no long-term follow-up.

Other Study Designs

Benedict and Wechsler (1992), a single-subject, multiple baseline study, examines the effects
of teaching the method of loci (MOL, for word list learning) and Preview, Question, Repeat,
State, and Test (PQRST, for paragraph learning). Two individuals participated in the study—one
with moderate TBI and moderate memory impairment and the other with severe TBI and severe
memory impairment. They received 27 and 34 weeks of training, respectively, in which the order
of MOL and PQRST were counterbalanced. Results revealed that the moderately impaired par-
ticipant’s memory for word lists benefitted from the MOL training, but the participants’ para-
graph learning did not benefit from PQRST training. The severely impaired participant’s perfor-
mance was highly variable throughout, resulting in little change in recall from word lists or
paragraphs.

Ehlhardt et al. (2005) investigated the efficacy of instructing adults with severe TBI to use
recall and e-mail in a multiple baseline across subjects designed study. All five participants were
many years’ postinjury and all demonstrated severely impaired memory and executive functions
on standard neuro-psychological measures. Treatment included the TEACH-M approach, which
entails seven steps and learning principles of errorless learning; distributed practice and meta-
cognitive instruction were emphasized. Training was delivered four to five times weekly, ranging
from 7 to 15 weeks (as many as required to reach criteria). Four of the five participants com-
pleted the training and three of these four participants maintained these steps at 1 month after
treatment ended, and all four participants maintained implementation of of the e-mail steps when
“altered interface and/or a computer game with no shared features” was added (Ehlhardt et al.
2005). Interviews revealed that all four participants who completed the training endorsed the
training. Inter-rater reliability and procedural fidelity were reportedly strong; baselines were ade-
quate prior to the start of treatment, therefore within-subject experimental control was clearly
established.

Hux et al. (2000) examined the efficacy of internal memory strategies (mnemonics and visual
imagery) to improve face-name recall in seven individuals with TBI who ranged from 2 to 26
years postinjury. Participants’ memory impairment ranged from nonexistent to severe. Interven-
tion was delivered via training sessions that occurred five times per day in one phase, one time
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per day in another phase, and two times per week in yet another phase using within-participant
comparisons. Face-name recall improved more after the intervention was provided one time per
day or two times per week as opposed to five times per day, however results were highly variable
across individual participants. Authors also reported frequent participant behavior problems.

Manasse et al. (2005) examined the efficacy and effectiveness of a sequential treatment ap-
proach that consisted of visual imagery for face-names, followed by real-word training that in-
volved three cuing strategies: name restating, phonemic cuing, and visual imagery. There were
five participants with chronic, severe TBI, ranging from more than 1 to 29.5 years postinjury.
Treatment was provided in 9 sessions of visual imagery and 30 sessions of real-world interven-
tion. All participants improved in name-face recall after intervention regardless of the kind of
cuing, and four of five participants demonstrated more spontaneous use (effectiveness) of therap-
ists’ names.

Milders et al. (1998), a pre-post single group study, involved 13 adults with memory prob-
lems following closed head injuries and 13 healthy controls matched on age and level of educa-
tion. Most patients had been discharged from a nearby rehabilitation center. The mean time from
injury was about 4 to 5 years, and the mean length of posttraumatic amnesia (PTA) they had suf-
fered was reported as 36 days. The healthy controls were friends or relatives of the patients. Pa-
tients were taught strategies to improve the learning of new names and the retrieval of familiar
people’s names. Strategies were taught in eight, 1-hour sessions delivered one on one over a 4-
month period. The importance of applying the strategies in everyday life was repeatedly stressed
and homework exercises were encouraged. Pre-post assessments in both groups included the fol-
lowing: three target evaluation tasks that had items not presented in the training (i.e., Name
Learning Test, Name-Occupation-Town Learning Test, Famous Faces Naming Test); and two
memory tests assumed insensitive or unrelated to the strategies practiced during training (i.e.,
Digit Span Forwards and Auditory Verbal Learning Task). Performance on two of the three tar-
get tasks improved with training compared to controls, but performance on the Name Learning
Test did not change in either group. Both groups had similar improvement in the two control
memory tests. Limitations included the small selected sample, an unclear history of the severity
and sequelae of TBI in some patients, and narrowly focused outcome measures.

EXTERNAL MEMORY STRATEGIES

External memory strategies may include the use of notebook or other tool to enhance memo-
ry abilities. The committee reviewed four RCTs and no nonrandomized, parallel group studies
that used external memory strategies; comparator arms included no treatment (n = 1), non-CRT
treatment (n = 1), and other CRT treatment (n = 2). The committee also reviewed three pre-post
single group designs and one single-subject, multiple baseline experiment.

Controlled Studies

Bergquist et al. (2010) and Bergquist et al. (2009), a small randomized crossover study,
enrolled 20 volunteers who had moderate-severe TBI and were more than 1 year postinjury. Par-
ticipants with a history of ongoing psychiatric symptoms were included as long as symptoms
were not severe (e.g., psychotic symptoms) and did not interfere with study participation. Partic-
ipants also had to have reliable access to the Internet, as the trial compared two Internet-based
interventions: an active calendar treatment intervention and a control diary condition. The calen-
dar intervention, which involved an online therapist, focused on developing calendar skills to
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TABLE 10-2 External Memory Strategies

Design Strategy Treatment Comparator

Notebook, Diary, External Cuing, No Other
Study Calendar, Other | Prompting Device(s) | Treatment Non-CRT CRT
Bergquist et al. 2009,
Bergquist et al. 2010, RCT X X
Ownsworth and
McFarland 1999 RCT X X
Schmitter-Edgecombe
etal 1995 RCT X X
Watanabe et al. 1998 RCT X X
Bergman 2000 Pre-Post X
Gentry et al. 2008 Pre-Post X
Hart et al. 2002 Pre-Post X
Zenicus et al. 1991 SS/MB X

address difficulties with memory in everyday life and strategies to improve memory functioning.
Participants in the diary control condition spent an equivalent amount of time interacting with a
therapist online but simply used their calendar to record day-to-day events and not as a compen-
satory tool. Only 14 of the 20 participants completed the study; 6 of 8 assigned to the calendar
intervention, and 2 of 8 assigned to the diary. Outcome measures included self-reported meas-
ures that assessed use of compensation strategies (Compensation Techniques Questionnaire) and
satisfaction (four questions—satisfaction with therapist, satisfaction with therapy received, emo-
tional distress during therapy, and willingness to receive such therapy again), as well as measures
completed by family members (Neurobehavioral Functioning Inventory [NFI] and Compensation
Integration Questionnaires [CIQ]). Analytic methods were not well described, particularly re-
garding missing data for patients who did not complete the trial. Most participants in both groups
were satisfied with the Internet-based interventions. No statistically significant differences be-
tween groups were found for the four satisfaction questions. Also, no statistically significant dif-
ferences in functional change between groups were reported after 30 sessions (NFI, CIQ out-
comes).

Ownsworth and McFarland (1999) conducted a small RCT in which 20 participants with TBI
who were many years postinjury were provided with a diary. Severity of brain injury was not
described. Participants were randomized to either use a procedural worksheet during diary use
(Diary and Self-Instructional Training) or to use the diary without this self-instruction (diary on-
ly), which required the use of higher cognitive skills of self-awareness and self-regulation. The
diary only participants were taught a behavioral sequence to use the diary. During the Diary and
Self-Instructional Training session subjects learnt how to compensate for everyday memory
problems using a small notebook, as an internal strategy to mediate diary use. Some instructions
for daily memory checklists were given verbally over the phone (in one session), but the 4-week
intervention period mainly involved self-use of diaries. At the end of the intervention period,
groups did not differ in mean number of diary entries; however, the diary plus self-instruction
group maintained their use of the diary strategy to a greater extent than the diary only group. Us-
ing daily checklists, the diary plus self-instruction group self-reported these strategies as more
helpful and reported less confusion on a questionnaire. Thus, support is provided for the use of
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self-instruction when using a memory diary if the purposes are to enhance self-efficacy of strate-
gy use and reduce confusion and moments of disorientation.

Schmitter-Edgecombe et al. (1995) conducted a small RCT in which eight participants with
severe TBI who averaged 13 to 16 years postinjury were randomly assigned to a treatment arm
or a control condition for a 9-week intervention. The treatment arm consisted of training to use
memory notebooks to compensate for memory, whereas the control condition consisted of group
meetings to provide psycho-social support. In total, 16 hours of treatment or group support were
provided (in 1-hour sessions, twice each week). Memory notebook training was provided in
stages of skill-based learning consisting of anticipation, acquisition, application, and adaptation.
Didactic instruction and homework, along with weekly goals, were incorporated at each stage in
learning activities packets. Participants were taught to use the notebook, identify information,
and take notes (Schmitter-Edgecombe et al. 1995). Modifications in notebooks were made based
on participants’ needs. The control group met in group sessions to discuss social or psychologi-
cal challenges in everyday living due to their memory impairment (Schmitter-Edgecombe et al.
1995). The primary outcome measures were laboratory-based measures (recall, everyday memo-
ry failures [EMFs]), retrospective report of EMFs, symptom distress indicators, and observation-
al reports of EMFs. The study also measured neuro-psychological outcomes, but anticipated
these would remain unchanged at posttreatment due to the focus on functional everyday memory
activities. Pretreatment EMFs established a baseline to reduce error due to individual differences
in subjects. On outcome measures for laboratory-based recall, laboratory-based everyday memo-
ry, and retrospective report of EMFs, there was no significant different between groups. Howev-
er, a significant difference on observed EMFs was noted at immediate post-treatment; at 6 month
follow-up, these findings retained direction but were no longer statistically significant. These
findings provide preliminary evidence for the usefulness of notebook training to decrease EMFs
for individuals with severe TBI. The limitation of the trial primarily was due to small size of the
sample.

Watanabe et al. (1998), a small RCT, compared the effect on orientation of the pres-
ence/absence of a wall calendar in participants’ hospital room. All participants were receiving
other inpatient rehabilitation, presumably CRT. The study compared temporal orientation (mem-
ory for the date) of 30 inpatients on an acute rehabilitation unit who were randomly assigned to
groups that either have a wall calendar posted in their room or to not have a calendar. The aver-
age age in both groups was in the 50s. Neither time since injury nor severity of injury was re-
ported; however, because participants were reportedly still in PTA, they were likely at least
moderately injured and more than 6 months postinjury. The primary outcome measure was the
Temporal Orientation Test (TOT). Results indicated that the presence of a wall calendar had no
effect on orientation; indeed, only the emergence out of PTA corresponded to orientation. This
relatively weak study found no relationship between the presence of a wall calendar and orienta-
tion. The limited information provided on the participants, and the vague description of the inter-
vention, make it difficult to interpret the results of this study for an inpatient population partici-
pating in rehabilitation. It is unclear how therapists provided orientation therapy that involved the
wall calendar. The older ages of the participants implies that many had strokes, which can result
in different kinds of orientation problems (e.g., neglect), which confounds these results. Also,
because both groups were actively engaged in inpatient rehabilitation, there were likely numer-
ous commonly shared features of rehabilitation between the two groups.
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Other Study Designs

Bergman (2000) conducted a pre-post study involving 41 individuals with chronic cognitive
deficits after severe TBI. All were described as having “difficulties with conventional strategies’
for aiding memory such as notebooks, calendars, and Post-it reminders. The tested intervention
was a “cognitive orthotic,” a computer software program designed as a compensatory strategy
for aiding weak or ineffective cognitive functions. The underlying foundation for the program
was described as “error-free learning, rapid system and skill acquisition, and facilitated generali-
zation.” The computer program used six activity modules intended to minimize potential for er-
ror, reduce memory burden, maximize ease of memory storage and retrieval, limit preservative
tendencies, promote transfer of training, and facilitate task completion through guided sequences.
Modules addressed topics such as telephone logs, savings and checking, and appointments. Ex-
aminers (neuro-psychologists or speech-language therapists) oriented individuals to the program
and assessed participants’ mastery of the modules. Mastery was defined as the unassisted reliable
completion of a targeted task. Reported outcomes were that 36 of the 41 participants achieved
mastery of four or more activity modules, and 36 demonstrated rapid achievement of success on
initial assigned tasks. Limitations included the absence of a control group, narrowly focused or
restricted outcome measures, and an unclear history of the severity and sequelae of TBI in some
patients.

Gentry et al. (2008), a pre-post single group study, involved 23 community-dwelling individ-
uals with severe TBI at least 1 year postinjury. All had memory problems that affected ability to
perform everyday tasks, such as remembering appointments, managing time and tasks, and man-
aging money and medications. The intervention involved training individuals to use a freely pro-
vided personal digital assistant (PDA) as a compensatory cognitive aid. Training sessions were
provided by an occupational therapist in three to six 90-minute home visits conducted within a 1-
month period. After training, participants were asked to use their PDAs for an 8-week period. All
participants completed the study. Reported outcomes were improvements (pre-post) in assess-
ments of self-rated occupational performance, satisfaction with occupational performance, and in
participation in everyday life tasks. The outcomes were measured with standardized tests (Cana-
dian Occupational Performance Measure and Craig Handicap Assessment and Rating Tech-
niques-Revised Measure) and, while self-reported, were agreed upon by a family member or ca-
regiver. Limitations were the absence of a comparison group and perhaps lack of outcome
measures assessed by an objective (outside) observer. Generalizability may be limited because
all participants were motivated volunteers recruited through fliers who had a working home per-
sonal computer and who were able to use a stylus without difficulty.

Hart et al. (2002) investigated the usefulness of a voice organizer in a pre-post design study.
The 10 participants, who had moderate-severe TBI and were 3 to 18 years postinjury, were
enrolled in a comprehensive TBI rehabilitation program. Case managers or clinicians developed
a list of six therapy goals for each client. The goals chosen were considered likely to be dis-
cussed in upcoming therapeutic sessions, known to have been forgotten or not followed through
by the client in the past, and agreed upon as important by the client and family. Case managers
read the individualized goals to clients. Half of the goals that were read and reviewed were ran-
domly assigned to be recorded on a voice organizer for clients while half were not recorded.
Clients were given and trained to use devices with the voice recordings. They were prompted by
an alarm to listen to the recorded goals three times daily. Seven days after the original session in
which goals were recorded, each client’s recall for all six goals was tested by a staff member
who was blind both to the therapy goals relevant to that client and to the specific goals that had
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been recorded. Recorded goals were recalled more often than the goals that were not recorded.
Clinicians involved in the study thought that participants were more conscious of their recorded
goals and more likely to follow through with them. Limitations include the small selected sample
and narrow outcome measures that did not assess behavior changes.

Raskin and Sohlberg (1996), a single-subject, multiple baseline experiment, studied the effi-
cacy of prospective memory training with two adults with severe TBI who were, respectively, 11
and 12 years postinjury. Two types of intervention were provided: prospective memory training
and repetitive memory drill. Prospective memory was measured using the PROMS, which meas-
ures memory at 1, 2, 10, and 20 minutes, and at 24 hours. Memory for future actions improved
more after prospective memory training than after repetitive drill, although generalization to real-
world remembering was variable across participants and type of training. Both participants indi-
cated their preference for prospective memory training during interviews.

Zencius et al. (1991), a single-subject, multiple baseline report, examined the usefulness of
memory notebook training for completing homework assignments with four adults with TBI who
were also receiving interdisciplinary rehabilitation services. Little descriptive information was
provided about the participants other than age and variable test results. After notebook training,
three of the four participants improved in completing the number of components to the home-
work assignments. Without participant or training information, coupled with the ongoing rehabil-
itation services participants were receiving, these results are difficult to interpret.

COMBINED MEMORY STRATEGIES: INTERNAL AND EXTERNAL

Combined memory strategies may include a blend both internal and external approaches. The
committee reviewed two RCTs and no nonrandomized, parallel group studies that used com-
bined memory strategies; comparator arms included no treatment (n = 1) and other CRT treat-
ment (n = 1). The committee also reviewed one pre-post single group design.

Controlled Studies

Berg et al. (1991) (with Milders et al. 1995) enrolled 39 severely injured participants in a
small RCT in which they compared the efficacy of a memory strategy program that consisted of
instructing two control groups on compensatory internal strategies and external aids. Thus, there
were three arms in this trial; two that received treatment, the memory strategy rehabilitation
group and a “pseudo rehabilitation” group, and one group that did not receive treatment. One of
the “pseudo rehabilitation” control groups drilled and practiced (restorative), and the other re-
ceived no treatment. The memory strategy program emphasized both internal strategies and the
use of external memory aids, whereas the “pseudo rehabilitation” control treatment consisted of
repetitive drill and practice, and the control group patients were tested according to the time
schedule of the trained groups, but received no training. All participants were severely injured
and averaged 5 to 6 years postinjury (i.e., in the chronic phase of recovery). Outcomes included
self and other subjective memory questionnaires (including measurements of anxiety related to
memory and coping with daily memory problems), and standardized scores (mean sum score,
acquisition score, and delayed memory score) from the Rey Auditory Verbal Learning Test,
face-name learning, and memory for a shopping list. Immediately after treatment, the subjective
ratings of memory problems improved significantly for both the strategy and the drill/practice
groups. The strategy group improved on two of three neuro-psychological memory measures
(sum and delayed memory scores) immediately after treatment, and at follow-up improved sig
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TABLE 10-3 Combined Memory Strategies

Design Strategy Treatment Comparator
Internal External No Non-CRT | Other CRT
Treatment
Bergetal 1991; . . Multiple
Milders et al. 1995 RCT Multiple strategies strategies X X
Kaschel et al. 2002 RCT Vlspal 1magery: Multlple X
multiple strategies strategies
Freeman et al. 1992 Pre-Post Multiple Multiple

nificantly in the other neuro-psychological memory measure (acquisition). There were no signif-
icant improvements found for the drill/practice and the no treatment group. Unfortunately, the
authors did not report the reasons for dropouts, nor make adjustments for this in the data analy-
sis; this information may have helped to explain why scores on memory tests appeared to im-
prove over time after the immediate posttreatment results.

Kaschel et al. (2002) conducted a small RCT of 24 patients, including 12 patients with severe
TBI who averaged 5 to 6 years postinjury. Participants were randomly assigned to receive visual
imagery to improve memory or to receive a typical memory rehabilitation program, which em-
phasized a combination of compensatory internal strategies and external compensatory strate-
gies. There were 30 treatment sessions in total. Primary outcomes were measures from the Ri-
vermead Behavioural Memory Test (RMBT), the logical memory (stories) subtest from the
Wechsler Memory Scale (WMS), and the Appointments test. Secondary outcomes were meas-
ures on the Concentration Endurance Test d2, Memory Assessment Clinics ratings scales (MAC-
S, MAC-F). Immediate outcomes after intervention revealed that the visual imagery group per-
formed better on the immediate recall of stories (both RBMT and WMS), delayed recall on the
RBMT, and delayed (but not immediate) recall on the Appointments test. There were inconsis-
tent treatment effects on the self-reported and other-reported ratings. No treatment effects were
found on the secondary measures. At 3 months after treatment, all treatment effects were main-
tained.

Other Study Design

Freeman et al. (1992) conducted a pre-post study that enrolled 12 adults in a private rehabili-
tation program center. All had cognitive deficits and a history of a closed head injury. Of the 12,
6 had been referred for cognitive rehabilitation; they were enrolled in a 6-month rehabilitation
program that included a memory module as one of seven modules. The memory module was
completed in 2.5 weeks. It was delivered in a 2-hour group setting, three times weekly. During
the treatment, trainees and staff repeated various paragraphs and taught skills and techniques to
enhance paragraph retention. Skills and techniques included such things as note taking in a
memory book, self-monitoring skills, prompts to stop and think, restatement of presented materi-
al, and use of imagery. The other six people in the study had been referred for neuro-
psychological testing only. They received none of the rehabilitation modules but did paragraph
memory tests (described below) as part of their neurological assessment at an initial visit and
then again 2.5 weeks later. Of note, the mean time since injury for the memory module group
was 33 months whereas the mean time since injury for the control group was 12 months. The
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outcome measure was a memory score based on comprehension and retention of main and sec-
ondary ideas presented in a paragraph. The reported outcome was a statistically significant dif-
ference between treatment and control posttest memory scores that favored the treatment group.
Limitations included the small sample size, differences in characteristics of the intervention and
control groups that were not accounted for in analyses, an intervention that was not described
sufficiently to be replicable, and a single, limited outcome measure. Whether staftf that adminis-
tered and scored the outcome were the same staff that administered the intervention was not
clear.

RESTORATIVE STRATEGIES

Restorative memory strategies aim to re-establish memory functioning following brain in-
jury. The committee reviewed two RCTs that included repetitive drill as a treatment arm; compa-
rator groups were both no treatment and have been previously described in this chapter (see Berg
et al. 1991; Tam and Man 2004). The committee also reviewed one pre-post design and one sin-
gle subject, multiple baseline experiment.

Raskin and Sohlberg (1996), a single subject, multiple baseline experiment, studied the effi-
cacy of prospective memory training with two adults with severe TBI who were 11 and 12 years
from injury. Two types of intervention were provided: prospective memory training and retros-
pective memory drill. Prospective memory was measured using the PRoM of the Assessment of
Intentional Memory (AIM) scale, which measures memory at 1, 2, 10, and 20 minutes, and at 24
hours. Memory for future actions improved more after prospective training than after the memo-
ry drill, although generalization to real-world memory was variable across the two participants
and type of training. Both participants validated their preference for prospective memory training
during interviews.

In a follow-up pre-post crossover design, Raskin and Sohlberg (2009) provided both prospec-
tive memory training and retrospective memory drills to adults with brain injury and healthy
adults Eight adults with brain injury received one-hour training sessions, twice each week for six
months. Again, prospective memory was measured using the PRoM tasks of the AIM scale, at 2
and 10 minutes. Additional neuropschological tests, memory questionnaires and a journal/log
served as generalization measures. Adults with brain injury improved on prospective memory
time and tasks after 2 minutes; however this group did not show improvement at the longer delay
of 10 minutes. On neuropsychological measures immediately post treatment, adults with brain

TABLE 10-4 Restorative Memory Strategies
Study Design Strategy Treatment Comparator
No

Restorative Non-CRT Other CRT
Treatment

Bergetal 1991;
Milders et al. 1995

Tam and Man 2004 RCT Multiple strategies X
Raskin and Sohlberg 2009 Pre-Post Cuing, prompting
Raskin and Sohlberg 1996 SS/MB Cuing, prompting

RCT Multiple strategies X X

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



Cognitive Rehabilitation Therapy for Traumatic Brain Injury: Evaluating the Evidence

10-14 COGNITIVE REHABILITATION THERAPY FOR TRAUMATIC BRAIN INJURY

injury improved in attention and executive functions. Generalization to everyday memory per-
formance as measured by a memory questionnaire and memory diaries also improved. Mainten-
ance of prospective memory improvements was demonstrated at one year post-treatment. None
of the subjects showed improvement for retrospective memory drills. Half of the brain injury
group initially enrolled in the study dropped out for various reasons leading to the potential for
selection bias.

CONCLUSIONS: MEMORY

The majority of the evidence on the efficacy of memory intervention is with moderate-
severely injured individuals who are at a chronic stage of recovery. In the chronic recovery
phase, those with impaired ability to learn (store and retrieve) new information, routines, and
skills are likely targets for interventions targeting the individual’s precise memory impairment.
For example, encoding strategies are taught to individuals who have lost the ability to transfer
new information into long-term knowledge. Individuals at a subacute phase of recovery also ex-
perience memory impairments; however, related attention, information processing, and organiza-
tion impairments usually impede successful isolation and treatment of memory impairments.

Mild TBI

Internal Strategies

e The committee found no evidence that demonstrates the benefit of using internal mem-
ory strategies for everyday memory given the absence of patient-centered outcomes.

e The committee found limited evidence that the ability to recall new information im-
proves in patients with chronic, mild TBI when they learn to use internal memory
strategies such as visual imagery and other encoding strategies. This benefit was short
term or immediate as measured by standard memory tests (Ryan and Ruff 1988;
O’Neil-Pirozzi et al. 2010).

e The committee found limited evidence that in patients with chronic, mild TBI, learning
to use internal memory strategies benefits memory long term (O’Neil-Pirozzi et al.
2010).

External Strategies

e The committee found no studies that investigated the benefit of using external memory
aids for patients with mild TBI.

None of the studies investigated the efficacy of memory intervention for individuals with
mild TBI at the subacute recovery stage. Within a short time after injury, most individuals with
mild TBI recover and remain asymptomatic. There was limited evidence that individuals with
mild TBI in the chronic stage of recovery benefit from learning to use internal strategies such as
visual imagery and other encoding strategies (Ryan and Ruff 1998; O’Neil-Pirozzi et al. 2010).
In these studies, dosage was provided for 13 to 18 hours, compared to psycho-social support or
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no treatment. Gains on formal tests of memory immediately after treatment were positive, al-
though only one study provided evidence that these benefits were maintained at 1 month. There
is no evidence demonstrating benefit to everyday memory, given the absence of patient-centered
outcomes. Future research will be necessary to determine whether or not these strategies improve
an individual’s ability to learn new information with clear benefit to daily activities (e.g., learn-
ing procedure manual instructions, retaining information for an exam). The absence of evidence
describing the efficacy of external memory or compensatory strategies for those who have lin-
gering memory impairment after mild TBI should not be equated with negative findings; that is,
no current evidence does not mean that individuals with mild TBI do not benefit from using ex-
ternal aids.

The literature suggests that there is limited evidence of a differential benefit of internal mem-
ory strategies to patients with mild TBI over those with moderate or severe TBI. Two studies,
one RCT and one nonrandomized, parallel group design (Ryan and Ruff 1998; O’Neil-Pirozzi et
al. 2010) found that those with mild TBI benefited more than those with moderate or severe TBI.
Single-subject, multiple baseline studies found that while individuals with moderate injuries
made some improvement in memory, those with severe injuries did not benefit as much (Bene-
dict and Weschler 1992) or did not demonstrate transfer of these skills (Manasse et al. 2005).
Even RCTs with good experimental control showed that the generalization of the use of these
strategies is insufficiently documented for those with moderate-severe TBI.

Moderate-Severe TBI

Restorative Strategies

e The committee found evidence that was not informative that memory intervention re-
stores memory functioning in patients with moderate-severe TBI (Berg et al. 1991; Tam
and Man 2004).

The identified evidence did not show a benefit of attempting to restore memory in individu-
als with moderate-severe injuries. Berg et al. (1991) (with Milders et al. 1995) suggests that res-
toring memory in patients with severe TBI is not efficacious, even though subjectively patients
in the repetitive drill and practice arm reported changes in their memory. This RCT found that a
comprehensive memory program including internal and external memory strategies improved
both memory test scores and patient-centered measures of improved everyday memory, at least
maintained at follow-up. On standard measures of memory, only the strategy group improved.
Tam and Man (2004) compared various kinds of computerized intervention, which was provided
for 3 to 5 hours.All groups improved memory for the learned content after treatment, although
not as much as the feedback group improved. The drill and practice group’s self-efficacy ratings
of memory did not change. The low dosage of intervention makes these results difficult to interp-
ret.

Internal Strategies

e The committee found limited evidence that using internal memory strategies re-
sulted in practical, improvement in everyday activities that involve memory and/or
learning. Benefits in patient-centered outcomes were demonstrated by changes in
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participants’ self-efficacy about their memory (Tam and Man 2004), increased
knowledge about memory strategies, validated reports by others in the use of strate-
gies, and fewer behavior-based memory problems (Thickpenny-Davis and Barker-
Collo 2007).

e The committee found limited evidence that showed the majority of treatment effects
were maintained at 1-month posttreatment follow-up(Bourgeois et al. 2007; Thick-
penny-Davis and Barker-Collo 2007; O’Neil-Pirozzi et al. 2010; Ehlhardt et al.
2005) .

e The committee found modest evidence that most studies that were compared to no
treatment or non-CRT treatment showed immediate benefit of improved memory
using internal strategies as measured on standard memory tests (O’Neil-Pirozzi et
al. 2010; Thickpenny-Davis and Barker-Collo et al. 2007; Ryan and Ruff 1988).
Beneficial treatment effects were difficult to determine in studies comparing memo-
ry intervention to other CRT, possibly due to overlapping cognitive processes
(Bourgeois et al. 2007; Dirette et al. 1999; Dou et al. 2006; Kaschel et al. 2002; Ruff
et al. 1994).

The efficacy of using internal memory strategies to immediately improve memory perfor-
mance in individuals with moderate-severe TBI on standard memory tests has been shown in
several RCTs and a nonrandomized, parallel group design when compared to no treatment or
non-CRT treatment (Dou et al. 2006; Tam and Man 2004; Thickpenny-Davis and Barker-Collo
2007; O’ Neil-Pirozzi et al. 2010; Ryan and Ruff 1988). Dosage ranged from 13 to 30 sessions.
The findings from RCTs that compared internal memory strategies given by instruction to other
CRT treatments were less consistent in finding a benefit to memory above and beyond the other
CRT group on standard memory tests (Bourgeois et al. 2007; Dirette et al. 1999; Dou et al. 2006;
Kaschel et al. 2002; Ruff et al. 1994). Considering the overlap in cognitive functions, it is chal-
lenging to isolate the active ingredient that enhances memory in those in the comparison treat-
ments receiving another form of CRT.

A few RCTs had mixed results when they compared the interface or delivery of instruction of
treatment strategies to moderate-severely injured individuals. Delivery methods included com-
puter versus therapist, spaced retrieval instruction versus strategy discussion, and four compute-
rized versions of memory intervention (Dou et al. 2006; Bourgeois et al. 2007; Tam and Man
2004). Although the treatment conditions resulted in improved memory over no treatment or
baseline, there were not clear advantages of one instructional practice over another. Pre-post de-
signs and single-subject designed studies add to the evidence base with similar results as the
RCTs (Milders et al. 1998). The benefits of improved memory were in general maintained,
though not all studies reported maintenance effects.

There is modest evidence that the use of internal memory strategies results in practical im-
provement in everyday activities that involve memory and/or learning. Two studies reported im-
proved patient-centered outcomes that included changes in self-efficacy about their memory
(Tam and Man 2004), increased knowledge about memory strategies, validated reports by others
in the use of strategies, and fewer behavior-based memory problems (Thickpenny-Davis and
Barker-Collo 2007). Three studies reported that they followed participants after treatment ended
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and the majority of the treatment effects were maintained (Bourgeois et al. 2007; Thickpenny-
Davis and Barker-Collo 2007; O’Neil-Pirozzi et al. 2010).

Comparator: No Treatment or Non-CRT Treatment

Three RCTs (Dou et al. 2006; Tam and Man 2004; Thickpenny-Davis and Barker-Collo
2007) and one nonrandomized, parallel group study (O’Neil-Pirozzi et al. 2010) demonstrated
improvement in learning and memory for those who received internal memory strategy training
when compared to a no treatment control group. Outcomes included standardized tests of memo-
ry. Two of the four studies reported improved patient-centered outcomes that included changes
in self-efficacy about their memory (Tam and Man 2004), increased knowledge about memory
strategies, validated reports by others in the use of strategies, and fewer behavior-based memory
problems (Thickpenny-Davis and Barker-Collo 2007). Two of the three studies that reported
treatment effects were maintained at 1 month had no treatment as the control group (O’Neil-
Pirozzi et al. 2010; Thickpenny-Davis and Barker-Collo 2007). One RCT provided evidence of
memory intervention when compared to control intervention that was not CRT (e.g., “sham”
treatment). Ryan and Ruff (1988) found that the benefit of internal memory strategies was con-
fined to those with mild injuries, not those with moderate-severe injuries.

Comparator: Other CRT Treatment

Five RCTs (Bourgeois et al. 2007; Dirette et al. 1999; Dou et al. 2006; Kaschel et al. 2002;
Ruff et al. 1994) and one nonrandomized, parallel study (Goldstein et al. 1996) provided general-
ly positive evidence that internal memory strategies improve aspects of memory above and
beyond the control CRT. In Ruff, participants demonstrated changes on memory tests after a
memory training module and after an attention module. Kaschel et al. (2002) attempted to inves-
tigate the active ingredient of visual imagery from matched participants who were receiving
memory rehabilitation involving both external memory compensatory aids and other internal
memory strategies. Participants who were trained in visual imagery performed better on several
laboratory measures of memory, but not all. Dou et al. (2006) found that both the computer and
therapist delivered internal memory programs resulted in similar improvement in memory over
those who received no treatment; these results were maintained at 1 month. Dirette et al. (1999)
compared to 3 hours of a computer-delivered internal memory strategy program to a “remedial
computer program of visual processing,” and found no group differences. The low dosage in this
study is noticeable compared to the other trials, which ranged from 15 to 30 hours. Bourgeois et
al. (2007) investigated the efficacy of spaced retrieval with individuals with severely impaired
memory, compared to strategy instruction/discussion over the telephone with the intent to im-
prove the recall and mastery of participants’ individualized goals. The spaced-retrieval group
was better at reporting their goals and their use than the strategy discussion group, although no
differences occurred between groups with generalized strategy use or reported memory prob-
lems. Bourgeois et al. (2007) also reported most of the treatment effects were maintained at 1
month. In a small nonrandomized, parallel group study, Goldstein et al. (1996) had mixed results
when comparing a computer- to therapist-delivered intervention on how to make associations.
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External Strategies or Aids

e The committee found modest evidence of the effectiveness of external memory aids
(e.g., notebooks, alerting devices) to reduce everyday memory failures for patients
with moderate-severe injuries in three RCTs (Bergquist et al. 2009, 2010;
Ownsworth and McFarland 1999; Schmitter-Edgcombe et al. 1995) and other stu-
dies (Bergman 2000; Gentry et al. 2008; Hart et al. 2002). Patient-centered outcomes
included reduced numbers of memory failures and patient satisfaction.

e The committee found modest evidence from RCTs (Bergquist et al. 2009, 2010;
Ownsworth and McFarland 1999; Schmitter-Edgcombe et al. 1995) and other stu-
dies (Bergman 2000; Gentry et al. 2008; Hart et al. 2002) that showed immediate
benefit of using external strategies or aids to compensate for poor memory.

There is modest evidence from three RCTs of the effectiveness of external memory aids to
reduce everyday memory failures for patients with moderate-severe injuries in three small to
modest-sized RCTs (Bergquist et al. 2009, 2010; Ownsworth and McFardland 1999; Schmitter-
Edgecombe et al. 1995). Patient-centered outcomes included use of a compensatory aid, reduced
numbers of memory failures, and patient satisfaction. Schmitter-Edgecombe et al. (1995), in a
small but well-designed trial, found evidence that therapy to use memory notebooks resulted in
compensation for everyday memory failures over those who received psycho-social support.
Beyond using the compensatory aides, results suggest that guided self-instruction is associated
with participants’ reporting the compensatory aid is more helpful and more effective in reducing
daily disorientation than being given the aid without instruction (Ownsworth and McFarland
1999). In a telehealth study, Bergquist et al. (2009, 2010) compared dynamic instruction in using
a calendar to a control condition (other CRT) in which participants used a diary. Both group re-
ported satisfaction with the Internet therapy; groups did not differ in self-reported satisfaction or
in changes in general overall function on patient-centered outcomes of community integration.

In addition to these RCTs, several studies of other designs found complementary findings,
including using cognitive or those strategies to guide the completion of complex, goal directed
activities (Bergman et al. 2000; Gentry et al. 2008; Hart et al. 2002). Therefore, while it would
not be expected that external memory aids would actually improve memory; there is evidence
that their use is effective in assisting patients to complete everyday, complex activities as indi-
cated in functional, patient-centered outcomes. There is some evidence that patients continue to
use compensatory aids several months after treatment ends.
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Chapter 11

Multi-Modal or Comprehensive
Cognitive Rehabilitation Therapy

OVERVIEW

In cases where an individual has sustained multiple cognitive or behavioral impairments, as
is often the case with traumatic brain injury (TBI), a comprehensive treatment program may be
ideal. In comprehensive cognitive rehabilitation therapy (CRT) programs (also called multi-
modal or holistic), a team of therapists and other rehabilitation providers work together to ensure
the most appropriate timing, delivery, and content of therapy for an individual. These treatment
programs may occur during inpatient stays, or extend through outpatient programs. In this chap-
ter, the committee reviews the studies on multi-modal/comprehensive CRT, divided by phase of
recovery. Controlled studies are divided by comparator arm within these sections, and the com-
mittee’s conclusions are included at the end of each section.

The committee identified and reviewed six randomized controlled trials (RCTs) of multi-
modal or comprehensive (holistic) cognitive rehabilitation therapy (CRT) (Cicerone et al. 2008;
Ruff and Niemann 1990; Salazar et al. 2000; Tiersky et al. 2005; Vanderploeg et al. 2008; Zhu et
al. 2007). These trials were heterogeneous. Only one trial targeted mild TBI; three focused on the
subacute phase while the other three focused on the chronic phase of recovery. Four of the six
RCTs had some form of CRT in both trial arms.

Eight additional studies were identified as nonrandomized parallel group controlled studies.
Three of the eight included CRT in the comparator group. One study was in the subacute phase,
seven were in the chronic phase, two included both subacute and chronic patients, and one did
not report the time since injury. None of the studies was identified as exclusively or predomi-
nantly enrolling mild TBI patients. Studies ranged in sample size from 36 to 205 and were equal-
ly split between inpatient and outpatient settings. Seven studies were pre-post, single group de-
sign without any comparison or control group. However, there was a broad range in the quality
of the design, execution, and reporting of the studies.

SUBACUTE PHASE OF RECOVERY

The committee reviewed three RCTs (Salazar et al. 2000; Zhu et al. 2007; Vanderploeg et al.
2008) of multi-modal/comprehensive CRT in patients in the subacute phase of moderate-severe
TBI; one nonrandomized, parallel group study (Bowen et al. 1999) of multi-
modal/comprehensive CRT included patients in the subacute phase of recovery from mild, mod-
erate, and severe TBI. All four studies enrolled patients within 6 months of their injury. Most
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TABLE 11-1 Studies in the Subacute Phase of Recovery

Study Design Treatment Comparator
No Treatment | Non-CRT | Other CRT
Salazar et al. 2000 RCT X
Vanderploeg et al. 2008 | RCT X
Zhu et al. 2007 RCT X
Bowen et al. 1999 Parallel X

significantly, all three RCTs had some element of CRT in their comparator arms. Thus, the goal
of these studies was to determine whether there was a benefit of one form or level of intensity of
CRT relative to another, early after injury. These studies were not designed to assess efficacy
relative to no treatment or relative to an inert or minimal control condition, such as a waitlist

group.

Comparator Group.: Non-CRT Content

Bowen et al. (1999), a single, nonrandomized, parallel group study, included 104 patients in
the subacute phase with TBI severity ranging from mild to severe. The aim of the study was to
evaluate outcomes of services provided by a community-based, interdisciplinary team of special-
ists—clinical psychologist, occupational therapist, family support nurse—all supported by a clin-
ical coordinator. Treatment took place either before discharge from an inpatient hospital stay
(mean 5 days postinjury) or after discharge from an inpatient hospital stay (mean 37 days postin-
jury). Overall, the median contact time with team members was relatively small—fewer than 15
hours for the early group and fewer than 10 hours for the late group. A third group was offered
no specialized interdisciplinary team services. All three arms continued to receive existing ser-
vices or care as usual. Because of the nature of the program, individual-level randomization was
deemed infeasible; randomization occurred by 3-month blocks of time and was rotated across the
two hospital sites involved in the study. The study included assessment of a broad range of out-
comes (e.g., social, cognitive, behavioral, employment, handicap, functional limitations) at 6 and
12 months postinjury. The extent of contact with different team members is well described in the
study. There were problems with protocol compliance, in the form of crossovers from original
group assignment, which may have been systematic. Using the significance of 0.01 in light of the
multiple outcomes, and adjusting for coma duration and age (which differed across the groups),
essentially there were no differences in assessed outcomes.

Comparator Group: Other CRT Content

Salazar et al. (2000)' conducted an RCT involving 120 active-duty military personnel who
had recovered sufficiently from a recent moderate-severe closed head injury (within 3 months of
randomization) to participate in a cognitive rehabilitation program or safely return home with a
caregiver. All were oriented and had a Rancho Los Amigos cognitive level 7. Most had head-
aches. About one-third of the participants were described as having aggressive behavior or major
depression, although few were taking psychotropic medications. Participants were randomly as-

! The committee reviewed Salazar et al. 2000, with Braverman et al.1999, and Warden et al. 2000.
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signed to a comprehensive, 8-week in-hospital cognitive rehabilitation program or, after receiv-
ing some inpatient memory training, were discharged to home for a program of education and
counseling via weekly telephone calls from a psychiatric nurse. During the telephone calls,
which were described as lasting 30 minutes, nurses inquired about the week’s events, offered
support and advice in addressing problems, and checked on use of memory aids. Of the 67 par-
ticipants assigned to the in-hospital program, 60 completed the program; 47 of the 53 assigned to
the home program completed the trial. Six patients assigned to home rehabilitation required sup-
plemental therapy. At 1 year post-treatment, more than 90 percent of the participants in both
groups returned to work, the primary outcome measure (group difference was 4 percent [95 per-
cent confidence interval, 5 to 14 percent]). The proportion of participants between groups who
were fit for duty was also not statistically different: 73 percent of the inpatient arm versus 66
percent of the home rehabilitation program. A range of neuro-psychological tests, as well as be-
havior, social adjustment (belligerence, social irresponsibility, antisocial behavior, social with-
drawal, and apathy), and mood measures did not differ across groups at 1 year, but only 32 of the
intensive rehabilitation group and 28 of the home rehabilitation group had those assessments.
The reasons for missing data were not reported. A post hoc subgroup analyzed the 75 study par-
ticipants whose period of unconsciousness at the time of injury was more than 1 hour; 28 of 35
(80 percent) of the group randomized to the inpatient program and 23 of 40 (58 percent) of those
randomized to the outpatient program were fit for duty at 1 year (p = 0.05).

Vanderploeg et al. (2008) conducted a comparative effectiveness study of patients enrolled in
four U.S. Department of Veterans Affairs (VA) inpatient TBI rehabilitation programs. Both arms
of the study were inpatient rehabilitation; participants received occupational therapy, physical
therapy, speech therapy, TBI education, and social support for 2 hours per day. One arm also in-
cluded 2 hours per day of cognitive-didactic CRT, while the other arm received 2 hours per day
of functional-experiential CRT. CRT was given for up to 60 days (33 days was the mean). For
both arms, the average quantity of inpatient interventions was 132 hours per patient. The study
reported no difference in primary outcomes of independent living or employment, and no differ-
ence on any secondary outcome measures including the FIM, measures of mood and behavior,
the Disability Rating Scale, or a self-rating of memory. In subgroup analyses, patients younger
than age 30 had better school or work outcomes in the cognitive-didactic arm, while those with
higher education and older than age 30 did better in the functional-experiential arm on that pri-
mary outcome.

Zhu et al. (2007) studied 68 TBI patients with the primary goal of determining whether a
higher level of intensity of early inpatient rehabilitation that included CRT produced better out-
comes than a lower intensity of the same intervention. Patients were a mean of 20 days postin-
jury. The intervention took place 4 hours per day, 5 days per week, for up to 6 months or until
discharge, if rehabilitation goals were met. The intervention included social skills training, hear-
ing and speech training, and physical therapy, with goals toward achieving independent living
and integration into home and community. The comparator arm received the same content of in-
tervention but at only 2 hours per day (versus 4). These investigators found that Functional Inde-
pendence Measures (FIM) and Neurobehavioral Cognitive Status Examination (NCSE) scores
were no different across the high- and low-intensity rehabilitation arms at 6 months, with sub-
stantial gains on average in both arms from enrollment to 6 months. However, the maximum
FIM was achieved by the third month in 47 percent of patients in the high-intensity arm com-
pared to 19 percent of the low-intensity arm. This finding is statistically significant and suggests
that early intensive inpatient rehabilitation including CRT may hasten recovery, with maintained
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long-term outcomes. There was no cost analysis so the value (i.e., health benefit relative to cost)
is unknown. For example, it is unknown if earlier discharge translated to lower utilization costs.

CONCLUSIONS:
SUBACUTE, MULTI-MODAL/COMPREHENSIVE CRT

e The evidence is not informative for conclusions about the impact (efficacy) on patient-
centered outcomes (quality of life, functional status) of multi-modal/comprehensive
CRT in the subacute phase (Vanderploeg et al. 2008).

e There is evidence not informative for conclusions about sustainment of treatment ef-
fects (through 6 months after treatment) of multi-modal/comprehensive CRT delivered
in the subacute phase (Bowen et al. 1999; Salazar et al. 2000).

e The evidence is not informative for conclusions about the impact (efficacy) on domain-
specific psychometric measures of cognition or functioning of multimod-
al/comprehensive CRT in the subacute phase (Zhu et al. 2007).

In summary, the committee identified and reviewed three RCTs of comprehensive or multi-
modal CRT in the subacute phase (Salazar et al. 2000; Vanderploeg et al. 2008; Zhu et al. 2007),
and one nonrandomized, parallel group study (Bowen et al. 1999). All three of the RCTs com-
pared some form of CRT in all study arms and had no inert, waitlist, or usual care comparison.
The nonrandomized, parallel group study included a usual services arm, but that study had chal-
lenges to validity due to the quasi-experimental design and crossover; furthermore, the contents
of usual services were not reported. Because the three RCTs do not compare CRT to a group re-
ceiving non-CRT therapy or usual care, it is not possible to formulate conclusions about efficacy.

Subacute phase patients may not reflect the same patient pool as those who enter the chronic
phase and need CRT. Salazar et al. (2000) appeared to have a ceiling effect because 90 percent
or more of both treatment groups returned to work, the primary outcome. It is possible that since
this study recruited subjects from the subacute phase, a nontrivial proportion might have im-
proved substantially in the first year postinjury regardless of intervention, and would not have
been seeking or referred for CRT in the chronic phase. It is important to be clear that these sub-
acute studies’ findings cannot be extrapolated to the population of TBI patients in the chronic
phase.

The primary focus of the committee’s analysis was assessment of the evidence for efficacy.
However, the three RCTs did provide information about two other questions:

(1)  Does CRT in the subacute phase affect rate of recovery? Two RCTs examined this
question, but with conflicting results. One RCT (Zhu et al. 2007) found that more in-
tensive rehabilitation led to earlier meeting of milestones for discharge (with out-
comes at 6 months being no different). The other (Salazar et al. 2000) found no differ-
ence between inpatient and outpatient CRT for rate of readiness to return to duty at 1
year. From these two conflicting findings, it is inconclusive as to whether intensity of
CRT in the subacute phase is associated with more rapid attainment of clinically mea-
ningful outcomes.

(2)  Does CRT delivered in the inpatient versus outpatient setting affect recovery? One
RCT (Salazar et al. 2000) showed no evidence of higher benefit to extending an inpa-
tient, intensive, high-volume CRT program for 8 weeks compared to discharging to a
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less-intensive, outpatient follow-up program. All participants were eligible for dis-
charge to the community at enrollment. A post hoc analysis suggested that those with
severe TBI benefitted more from inpatient CRT.

CHRONIC PHASE OF RECOVERY

The committee reviewed three RCTs (Cicerone et al. 2008; Ruff and Niemann 1990; Tiersky
et al. 2005) of multi-modal/comprehensive CRT in patients in the chronic phase of TBI. One of
the trials compared CRT to a similar volume of a non-CRT intervention (Ruff and Niemann
1990), and another to a waitlist control condition (Tiersky et al. 2005). Cicerone et al. (2008)
compared one format of comprehensive CRT to another form of comprehensive CRT to assess
relative or comparative effectiveness of alternate comprehensive approaches. Of six nonrando-
mized, parallel group design studies identified and described in this review of chronic phase TBI
patients, three studies compared comprehensive CRT to a non-CRT program, and three were
comparative effectiveness studies of alternate CRT approaches. Implications of study results are
markedly different for studies that compare CRT to an inert comparison or to a non-CRT compa-
rator group, as these studies provide knowledge about efficacy, versus the studies that compare
alternative forms of CRT. The latter are comparative effectiveness studies, which do not yield
knowledge about efficacy but instead show the relative impacts of the two different approaches.
Thus, this section of this review is divided into two components: two RCTs (Tiersky et al. 2005;

Table 11-2 Studies in the Chronic Phase of Recovery

Study Design Treatment Comparator
No Treatment | Non-CRT | Other CRT

Cicerone et al., 2008 RCT X
Ruff and Niemann 1990 RCT X

Tiersky et al., 2005 RCT X

Chen et al., 1997 Parallel X

Cicerone et al., 2004 Parallel X
Goranson et al, 2003 Parallel X

Middleton et al., 1991 Parallel X
Parente and Stapleton 1999 Parallel X

Sarajuuri et al. 2005 Parallel X
Braunling-McMorrow et al. 2010 | Pre-Post

Cicerone et al. 1996 Pre-Post

Huckans et al. 2010 Pre-Post

Kloneff e . 2010 Pre-Post

Mills et al, 1992 Pre-Post

Murphy et al. 2006 Pre-Post

Rattock et al. 1992 Pre-Post

Walker et al. 2005 Pre-Post
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Ruff and Niemann 1990) and four nonrandomized, comparison group studies (Chen et al. 1997;
Goranson et al. 2003; Parente and Stapleton 1999; Sarajuuri et al. 2005) that compare CRT to a
non-CRT arm; and one RCT (Cicerone et al., 2008) and three nonrandomized, comparison stu-
dies (Cicerone et al. 2004; Middleton et al. 1991; Rattok et al. 1992) that compare two alterna-
tive forms of CRT.

Comparator Group: Non-CRT Content

The committee reviewed one RCT of comprehensive CRT in patients with chronic TBI
(Tiersky et al. 2005). A large majority of this small trial’s participants (29 were randomized; 20
completed the trial) had mild TBI; all enrollees had to be at least 1 year postinjury (mean = 5
years). This study was a pilot trial of an outpatient intervention; no power calculations were re-
ported. The intervention arm received about equal amounts of cognitive remediation (i.e., atten-
tion, information processing, memory) and individual cognitive behavioral therapy in two, 50-
minute sessions, 3 days per week over 11 weeks; the total intervention time is estimated at 55
hours. The comparator group was placed on a waitlist, and received two or three in-person meet-
ings or phone calls with the principal investigator over the 11-week intervention period (2 or 3
hours total); no therapeutic activities were offered in these contacts. Outcomes were measured at
11 weeks, then at 1 and 3 months after treament. The primary outcome measures were the de-
pression, anxiety, and general symptom indexes of the Symptom Checklist-90R, the PASAT (ob-
jective measure of attention), a coping measure, and a self-report measure of attention. There
was a significant beneficial effect in favor of the intervention (p < 0.05) for the general symptom
index, depression, anxiety, and the PASAT. Although the two groups did not differ statistically
at baseline on a range of characteristics, the sample was small, and they were qualitatively dif-
ferent on several characteristics, for example, baseline General Symptom Index scores were 1.16
for treatment and 1.62 for controls (p = 0.19).

In another RCT, Ruff and Niemann (1990) studied 40 patients with severe TBI 1 year postin-
jury. This outpatient CRT intervention was 8 weeks long and took place 4 days per week, 5
hours per day (for a total of 160 hours). Sessions included two weeks each of CRT targeting at-
tention, spatial integration, memory, and problem solving. Also encompassed within the 5 hours
of daily rehabilitation programming was a 50-minute group psychotherapy session and 30 mi-
nutes of wrap-up. The comparator arm was also 160 hours of treatment in an outpatient setting
over 8 weeks. The difference was in the content, as this program included computer/video
games, sessions on coping skills, group and didactic sessions on healthy lifestyle, small group
discussion forums, lectures and workbook exercises on independence, and art. The comparator
arm similarly included 50 minutes daily of group psycho-therapy and 30 minutes daily of wrap-
up. Cognition was measured in all 40 patients; behavior and adjustment were measured in a sub-
set of 24 patients. Findings showed no between-group differences on outcomes in nine of nine
attention measures, five of five spatial measures, five of nine memory measures, and four of four
problem-solving measures; performance 1Q was also measured. Verbal IQ scores and scores on
four of the nine memory measures were better in the CRT arm than the non-CRT comparator
arm.

In the Saajuuri et al. (2005) nonrandomized, parallel group study, 19 patients with moderate-
severe TBI received an inpatient program that included both neuropsychological rehabilitation
and psychotherapy. The program took 210 hours (7 hours per day, 5 days per week, for 6 weeks).
To be included, participants had to be judged as independent in daily life and have “adequate po-
tential to achieve productivity” with “special” rehabilitation. At one rehabilitation facility, 23
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patients (three were lost to follow-up) were identified for a comparison group out of a series of
213 patients at a different facility, who had sustained head injuries during the same time frame as
those receiving the CRT intervention program; all 23 were judged as meeting the same criteria
for the intervention program. The control group received care as usual, including both clinical
and rehabilitation care services. A mailed questionnaire 2 years after completing the program
(for the intervention group) or a comparable interval (for the comparison group) asked about paid
and unpaid work or current student status; 2 of 19 receiving the intervention compared to 9 of 20
of the usual care group were not engaged in any productive activity at follow-up (p = 0.017).
When categorized by full-time paid employment, only 1 of the 19 intervention compared to 7 of
the 20 usual care group met this benchmark.

Chen et al. (1997) enrolled 40 patients in a study that compared hierarchical computer-
assisted cognitive rehabilitation delivered in an outpatient setting to “various other therapies in-
cluding speech therapy and occupational therapy.” Twenty patients who had received the com-
puter-assisted cognitive rehabilitation program and had undergone pre-post evaluations of neuro-
psychological function were drawn from a database at one center; 20 patients from three other
centers who had received other services were drawn from those centers’ records. The study was
small, and the intervention and comparison arm participants differed substantially on several key
characteristics including time since injury and length of coma. There were no significant differ-
ences between groups in pre-post score changes.

In the Parente and Stapleton (1999) study, outcomes were assessed among 33 TBI patients
who had been referred to a rehabilitation program and given a program that included cognitive
skills group sessions, computer training, training in use of electronic aids such as tape recorders
or personal organizers, interviewing skills training, and peer teaching. Average participation du-
ration was 4 months. However, the analysis sample only included 13 patients who had completed
the program at the time the outcome evaluation was conducted. The comparison group was 64
subjects pulled from a database of 568 brain-injured patients who received services during the
same time frame; the actual amount and type of services received by these subjects were un-
known. While 10 of the 13 (76 percent) who received the intervention program were employed
compared to 58 percent of the comparison group, the number in the intervention program analy-
sis is very small, the comparison group could have differed significantly from the intervention
group, and what the intervention impact is being compared to (in terms of content and extent of
services that might have included CRT) is completely unknown.

Goranson et al. (2003) retrospectively identified 42 mild TBI patients from existing clinical
files. These patients were described as a small group of TBI patients seen at that clinic over 4
years. The study required patients have returned for follow-up outcome data collection at 6 and
18 months after initial collection. The intervention group comprised 21 patients who met the re-
habilitation institution’s criteria for an outpatient CRT program that targeted attention, memory,
reasoning, and problem solving, as administered by providers from multiple disciplines. Treat-
ment was provided for 4 days per week and 5.5 hours per day, for an average of 4 months (range
of program duration was 1 to 7 months). Another 21 patients were identified for the comparison
analysis, selected to provide a similar distribution on age, education, and gender to the interven-
tion group. Of note, however, most of the patients in the comparator ‘no rehabilitation’ group did
not meet inclusion criteria for the CRT program and thus were different from the group that did
receive the CRT program. The study sample was in the chronic phase of recovery for mild TBI,
on average 12 to 13 months post-injury. Those who received the CRT program had better Com-
munity Integration Questionnaire (CIQ) scores on the Home Integration scale at follow-up, ad-
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justing for differences in baseline scores. There were no differences across groups on the CIQ
Social Integration or Productivity scores. Again, the study is small, the intervention and compar-
ison groups were not comparable because the majority of the comparison group was ineligible
for the CRT program, and the sample selected for the analysis may have been prone to substan-
tial selection bias because it represented a small subset who, for reasons not described, returned
to the facility for follow-up outcome measurement.

Comparator: Other CRT Content

In an RCT, Cicerone et al. (2008) compared two alternative approaches to outpatient com-
prehensive CRT. One group of 34 patients was randomized to receive an intensive outpatient
cognitive rehabilitation program, with an emphasis on metacognition and emotional regulation.
The program included 11 hours per week of cognitive, communication, and life skill groups plus
individual therapy (4 hours per week), over 16 weeks, for a total of 240 hours of outpatient CRT.
Another group of 34 study participants were randomized to a different outpatient comprehensive
interdisciplinary day treatment of standard neuro-rehabilitation, which included retraining of dis-
crete cognitive functions through individual therapy and individualized physical, occupational,
and speech therapy, as well as counseling and some group sessions. Treatment also took place
over 16 weeks, 15 hours per week, for a total of 240 hours of outpatient CRT. The study found
that intensive cognitive rehabilitation yielded better scores on measures of community integra-
tion, life satisfaction, and self-efficacy, compared to the standard neuro-rehabilitation arm; neu-
ro-psychological functioning improved in both arms, but did not differ across groups at follow-
up.

Of the three nonrandomized, parallel group studies comparing alternative forms of CRT, Ci-
cerone et al. (2004) enrolled 56 patients with TBI in a study that compared a 320-hour inpatient
cognitive rehabilitation program that included individual and group cognitive remediation (4
days per week, 5 hours per day, 16 weeks) to a 288-hour standard inpatient neuro-rehabilitation
program of physical, occupational, and neuro-psychological therapies that “incorporated many of
the principles of comprehensive neuro-psychological rehabilitation™ but in a less structured, less
intense fashion. The intensive CRT treatment arm had significantly better Community Integra-
tion Questionnaire scores after program completion, despite being in the chronic phase (mean =
34 months from injury) compared to the less intensive CRT arm, which was in the subacute
phase (approximately 5 months postinjury).

Middleton et al. (1991) compared outcomes of two alternative forms of computer-assisted
neuro-psychological educational treatment at 8 weeks. Both treatment programs had 96 hours of
training on attention, concentration, perceptual skills, and problem-solving skills. Of the partici-
pants, 18 received an additional 32 hours of computer-assisted attention and memory training,
and 18 other participants received instead 32 hours of computer-assisted reasoning and logical
thinking training. There is neither a description of how participants were allocated into each
group, nor of the process for their selection out of eligible participants. Both groups had statisti-
cally significant gains in five of six neuro-psychological test measures, but there were no be-
tween-group differences at follow-up.

Rattok et al. (1992) enrolled 59 patients with TBI in three different arms; all arms received
140-160 hours of attention training, community activities, and counseling. In addition, one arm
received 220 hours of cognitive remediation and small-group interpersonal exercises, one arm
received 200 hours of small group interpersonal exercises but no cognitive remediation, and one
arm received 200 hours of cognitive remediation but no small group interpersonal exercises. The
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process for assigning participants to study arms was not described. The 400 hours of CRT were
delivered over 20 weeks in an outpatient setting. Among the many outcome measures, no pat-
terns of between-group differences emerged.

Pre-Post Designs

The committee reviewed seven studies of a pre-post design without any comparison or con-
trol group (Braunling-McMorrow et al. 2010; Cicerone et al. 1996; Huckans et al. 2010; Klonoff
et al. 2007, 2010; Mills et al. 1992; Murphy et al. 2006; Walker et al. 2005). Study participants
ranged from having only mild TBI (Cicerone et al. 1996) to only severe TBI (Walker et al.
2005), or included mixed participants. Three studies (Cicerone et al. 1996; Huckans et al. 2010;
Walker et al. 2005) had 25 or fewer subjects. Most of these studies examined predictors or cova-
riates of outcomes. Outcomes were measured at 3 months (Walker et al. 2005), through 12
months (Braunling-McMorrow et al. 2010), and through 18 months (Mills et al. 1992) after pro-
gram completion. Three studies had highly variable follow-up outcome assessment times de-
pending on program completion: Murphy et al. (2006) reported vocational status at discharge
from the program, ranging from 1 week to 4.5 years; Cicerone et al. (1996) reported outcomes
assessed from 1 to 6 months after treatment; Klonoff et al. (2007, 2010) outcome assessment
times at program completion, ranging from 2.8 to 23.5 months.

There was substantial heterogeneity in the content and duration of these CRT programs.
Braunling-McMorrow et al. (2010) evaluated a comprehensive, community-based residential re-
habilitation program providing multi-faceted behavioral and CRT strategies delivered by a multi-
disciplinary team. Murphy et al. (2006) evaluated a vocational rehabilitation-focused program
that included intensive cognitive rehabilitation followed by placement of participants in actual
work settings with a job coach. Klonoff et al. (2007, 2010) assessed work, school, and driving
outcomes of a holistic, “milieu-oriented work/school re-entry program.” Walker et al.’s (2005) 9-
month community-based program including social skills training revolving around a group fun-
draising program to support an outdoor adventure course activity, practice on the outdoor adven-
ture course, and group meetings to foster individual goal attainment. Cicerone et al.’s (1996)
program of neuro-psychological and cognitive remediation included a wide range of cognitive
domain modalities tailored to the individuals’ needs. Mills et al.’s (1992) tailored program “em-
phasized improvement of the patients’ real-life functional abilities and psychological support.”
The program took place 6 hours daily, 5 days per week, for at least 6 weeks; it involved both pa-
tients and family or friends, if appropriate.

CONCLUSIONS:
CHRONIC, MULTIMODAL/COMPREHENSIVE CRT

Mild TBI

e There is limited evidence about the impact (efficacy) on patient-centered outcomes of
multi-modal/comprehensive CRT delivered to patients with mild TBI in the chronic
phase of recovery. One small but well-conducted trial demonstrated meaningful bene-
ficial effects on patient-centered outcomes (general symptom index, depression, anxiety)
(Tiersky et al. 2005).
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e There is limited evidence about the sustainment of treatment effects on the general
symptom index through 3 months posttreatment of multi-modal/comprehensive CRT
delivered to patients with mild TBI in the chronic phase of recovery (Tiersky et al.
2005).

e There is limited evidence about the impact (efficacy) on psycho-metric measures of cog-
nition of multi-modal/comprehensive CRT delivered to patients with mild TBI in the
chronic phase of recovery (Tiersky et al. 2005).

Moderate-Severe TBI

e The evidence is not informative about the impact (efficacy) on patient-centered out-
comes (quality of life, functional status) of multi-modal/comprehensive CRT in patients
with moderate-severe TBI in the chronic phase of recovery.

e The evidence is not informative about the sustainment of treatment effects (through 6
months after CRT) of multi-modal/comprehensive CRT delivered to patients with mod-
erate-severe TBI in the chronic phase of recovery.

e The evidence is not informative about the impact (efficacy) on psychometric measures
of cognition for multi-modal/comprehensive CRT in patients with moderate-severe TBI
in the chronic phase of recovery.

The committee found a paucity of studies of efficacy of comprehensive CRT, and the two
RCTs of efficacy that the committee identified were small and intended as pilot studies. The lack
of large trials with an inert or waitlist comparison group is the primary reason for the conclu-
sions. In brief, there were a total of three RCTs and six nonrandomized, parallel group design
studies of comprehensive CRT identified in the review. However, one of the three RCTs and
three of the nonrandomized, parallel group studies were comparative effectiveness studies of al-
ternative approaches to CRT and did not address efficacy. These trials compared one or more
extensive programs of CRT; the amount of services in these programs ranged from a minimum
of 96 hours to a maximum of 400 hours across all arms including the control arms.

The two efficacy RCTs of comprehensive CRT were small pilot studies, had no power calcu-
lations, and targeted different groups of TBI patients. One of the two RCTs (Tiersky et al. 2005)
included patients with predominantly mild TBI in the chronic phase demonstrated meaningful
beneficial effects; notably, it was the sole RCT with an inert comparator arm—patients in that
arm were waitlisted for the program. Therefore, there is preliminary evidence that an 11-week
outpatient program of about 55 hours of both CRT and cognitive behavioral therapy is beneficial
in patients with mild TBI in the chronic phase. However, while showing favorable findings on
several primary outcomes, the study was a pilot, exploratory trial; no larger, follow-on trials
were identified in this literature review. The second efficacy trial (Ruff and Niemann 1990)
found few differences across CRT and non-CRT arms in a population with moderate-severe TBI,
the non-CRT program was intensive and certainly included services and elements that could
have also had a beneficial effect on the outcomes studied. In addition, the non-CRT arm received
160 hours of services over 8 weeks, an amount against which the lack of evidence of large bene-
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fit of CRT in this study must be taken into account. Because the control group received a sub-
stantial amount of rehabilitation and social services, the ability to detect a difference on clinical
outcomes between the CRT arm and the control arm may be reduced. This study’s findings were
not judged as evidence against efficacy of comprehensive CRT. The three nonrandomized, paral-
lel group studies that had at least one non-CRT comparison group were small and had considera-
ble design limitations. These conditions preclude findings from those trials having much bearing
on interpretation of this literature in weighing whether or not there is benefit from comprehen-
sive CRT for patients with TBI in the chronic phase.

About half of the studies the committee identified on comprehensive CRT did not answer
questions about efficacy but rather compared one or more extensive programs of CRT; the
amount of services in these programs ranged from a minimum of 96 hours to a maximum of 400
hours across all arms. Comparative effectiveness studies of comprehensive CRT may be prema-
ture without preceding efficacy trials of the interventions applied in each arm. Furthermore,
without assessment of utilization and cost, the relative value (extent of health benefit relative to
cost) of the programs being compared in these studies cannot be determined.
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Chapter 12

Telehealth Technology

OVERVIEW

Telehealth technologies provide opportunities to increase access to healthcare for individuals
who are not located in proximity to high-quality care. The Centers for Medicare & Medicaid
Services defines telemedicine as two-way audio and video interactive communication, which is
specifically covered by the Military Health System, when appropriate and medically necessary
for beneficiaries. The application of telecommunication technologies allows providers and
healthcare systems to create new methods or more efficient structures for the delivery of care. In
this chapter, the committee reviews the studies on cognitive rehabilitation therapy (CRT) inter-
ventions for a range of deficits due to traumatic brain injury (TBI) applied through telehealth
technology applications.

CRT APPLIED THROUGH TELEHEALTH TECHNOLOGY

The committee reviewed six randomized controlled trials (RCTs) (Bergquist et al. 2009,
2010; Bourgeois et al. 2007; Dou et al. 2006; Ownsworth and McFarland 1999; Salazar et al.
2000; Soong et al. 2005) and four feasibility or pilot studies (Bergquist et al. 2008; Diamond et
al. 2003; Egan et al. 2005; Melton and Bourgeois 2005) that involved a telehealth technology
whereby parts of the intervention were delivered remotely. Five of the studies did not meet eligi-
bility criteria because they either did not evaluate a cognitive rehabilitation therapy (CRT) inter-
vention (Egan et al. 2005), they evaluated a limited outcome related only to feasibility or the task
being taught (Bergquist et al. 2008; Diamond et al. 2003; Melton and Bourgeois 2005), or the
etiology of the brain injury of participants was not specified as traumatic (Soong et al. 2005).
Studies included in the telehealth technology review are not mutually exclusive from trials in-
cluded in the evaluations of other domains.

Of the remaining five studies, one was a small, randomized crossover study that involved 20
volunteers with a history of moderate-severe traumatic brain injury (TBI) at least 1 year prior to
study entry (Bergquist et al. 2009, 2010). Individuals with a history of ongoing psychiatric symp-
toms were included as long as symptoms were not severe (e.g., psychotic symptoms). Partici-
pants, who had to have reliable access to the Internet, were randomized to an active cognitive
rehabilitation intervention or to a control group. After completing 30 instant messaging sessions
with online therapists, participants were crossed over to the alternate group for 30 more sessions.
The active intervention, which involved an online occupational therapist with expertise in cogni-
tive rehabilitation, focused on developing calendar skills to address difficulties with memory in
everyday life and on developing strategies to improve memory functioning. The control group
also involved interaction with the online therapist, but participants in this group were instructed
primarily to use their calendar to record day-to-day events rather than using calendars as a com-
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pensatory tool for memory impairments. Only 14 participants completed the study. Outcome
measures were self-reported measures that assessed use of compensation strategies (Compensa-
tion Techniques Questionnaire) and satisfaction with therapy, and measures completed by family
members (Neurobehavioral Functioning Inventory and Compensation Integration Question-
naires). All participants reportedly learned to use the instant messaging system. Most individuals
in both groups were satisfied with their Internet-based interventions. No statistically significant
differences in change in daily function were reported between groups after 30 sessions.

Another modest-sized trial involved adults with persisting memory problems several years
after a documented closed head injury (Bourgeois et al. 2007). The trial also required a family
member to participate with the patient. Participant-caregiver pairs were assigned to either spaced
retrieval training or a didactic control strategy using stratified pairing based on race and sex (qu-
asi-experimental). Both treatments were delivered via telephone by clinician trainers. After ini-
tial face-to-face assessments of cognitive difficulties and social participation activities, the
trained discussed treatment goals with the client and caregiver, and the group selected the three
most troublesome areas to work on during training. The trainer then provided memory logs and
asked patients and caregivers to record the frequency with which each problem occurred over the
next week. The trainer called participants the following day to make sure that instructions and
data collection methods were understood. The trainer then called participants four to five times
each week for 30-minute sessions. Participants in the spaced retrieval group received an instruc-
tional technique focused on selected goals. The therapist modeled correct responses to questions
related to the goals and instructed the participants not to struggle to retrieve responses, but to re-
spond immediately. Participants in the control arm received the same total amount of therapy
time and sessions that focused on memory strategies such as association, verbal rehearsal, im-
agery and written reminders. Outcomes included goals mastered, generalization, the frequency of
reported memory problems, a cognitive difficulties scale, and community integration and quality
of life measures. Immediately and at 1 month posttraining, the space retrieval group (and their
caregivers) reported more treatment goal mastery and use than the didactic instruction group
(and their caregivers). Both groups reported some generalization to other nontargeted behaviors,
but these improvements were not statistically significantly different between groups. There were
no reported important or statistically significant improvements in quality of life for either group.
One limitation was that data about “objective, observable behaviors” related to selected goals
was obtained from memory logs, and those data were sometimes incomplete. Of the 51 pairs
who agreed to participate, only 38 completed the study; 22 spaced-retrieval training pairs and 16
didactic control pairs.

Another small randomized trial involved 20 patients, most of whom had sustained a brain in-
jury from a motor vehicle accident many years before (Ownsworth and McFarland 1999). The
severity of the brain injury was not described. The trial compared two different approaches to
training individuals to use a dairy to compensate for memory problems (a diary only approach
and a diary and self-instructional approach that taught compensation using higher cognitive skills
of self-awareness and self-regulation). In one session, some instructions for daily memory check-
lists were given verbally over the phone to both groups, but the 4-week intervention period main-
ly involved self-use of diaries. Follow-up phone calls to monitor progress or provide additional
instruction were not included during the intervention phase of the study. Findings showed that
the self-instruction group consistently made more diary entries and reported less memory prob-
lems than the diary only group.
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Another trial involved 30 patients with memory disorders and a history of TBI who had had
neuro-surgery several months prior (Dou et al. 2006). Patients who had a history of previous
psychiatric problems or who were computer phobic were excluded. Participants were randomly
assigned to one of the following three groups: computer assisted memory training, therapist as-
sisted memory training, and no specific memory training (the control group). In the computer
assisted training, patients were asked to identify or define the information they needed help from
a therapist to learn. The computer provided the necessary information for the patients to generate
correct decisions through an errorless approach. The patients were not encouraged to engage in
guesswork and were told to consider alternatives to and the consequences of an intended action.
The therapist assisted training covered similar content, but the content was presented as a picture
album and therapists gave directions face to face. The training consisted of 20, 45-minute ses-
sions occurring 6 days a week. Training was aimed at compensatory techniques related to memo-
ry, management of typical daily tasks, and utilizing typical component memory skills. One
month after treatment, both treatment groups improved on two outcome assessments (Neurobe-
havioral Cognitive Status Examination, Rivermead Behavioral Memory Test) compared to the
control group, though both treatment groups improved similarly.

The largest trial involved 120 active-duty military personnel who had recovered sufficiently
from a recent moderate-severe closed head injury (within 3 months of randomization) to partici-
pate in a cognitive rehabilitation program or safely return home with a caregiver (Salazar et al.
2000, with Braverman et al. 1999 and Warden et al. 2000). All were oriented and had a Rancho
Los Amigos cognitive level of 7. Most had headaches. About a third of the participants were de-
scribed as having aggressive behavior or major depression, though few were taking psycho-
trophic medications. Participants were randomly assigned to a comprehensive 8-week in-hospital
cognitive rehabilitation program or a limited educational and counseling home rehabilitation
program with weekly telephone support from a psychiatric nurse. During the telephone calls,
which were described as lasting 30 minutes, nurses inquired about the week’s events and offered
support and advice in addressing problems. Of the 67 participants assigned to the in-hospital
program, 60 completed the program; 47 of the 53 assigned to the home program completed the
trial. Six patients assigned to home rehabilitation required supplemental therapy. Cognitive be-
havioral function assessed with various measures was similar for both groups at baseline and at
1-year follow-up. More than 90 percent of the participants in both groups had returned to work
(the primary outcome measure) 1 year after treatment (the difference between groups was 4 per-
cent, [95 percent confidence interval, 5 to 14 percent]). Quality of life measures including belli-
gerence, social irresponsibility, anti-social behavior, social withdrawal, and apathy were reported
as not statistically significantly different between groups at 1 year, but only 32 of the intensive
rehabilitation group and 28 of the home rehabilitation group completed those assessments.

CONCLUSIONS: TELEHEALTH TECHNOLOGY

This scant evidence base shows that telehealth technologies, including telephone and two-
way messaging, are feasible means of providing at least part of CRT for some patients. No stu-
dies evaluated the use of telemedicine, as defined by the Centers for Medicare & Medicaid Ser-
vices. 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 CRT. 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 inpatient programs for selected individuals.
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Chapter 13

Adverse Events or Harm

OVERVIEW

The potential for introducing harm or causing adverse event may occur during any form of
treatment. The relationship between potential adverse events or harm is traditionally considered
relative to pharmacologic agents, and the clinical trial process attempts to ensure the safety of a
new drug or medical device. However, rehabilitation may cause adverse events or harm in pa-
tients as well. The rehabilitation process includes many phases, such as screening and diagnostic
testing, goal setting, one or many intervention, and follow-up evaluation; at each point, there is
an opportunity to expose patients to potentially harmful practices or information. For example, a
patient may sustain an injury during a particular rehabilitation strategy, or a rehabilitation therap-
ist might focus on a patient’s challenges rather than successes, unintentionally harming the pa-
tient’s emotional well being and minimizing the potential for future success. Capturing data
about the occurrence of adverse events or harm is important for all types of treatment. The com-
mittee reviewed only the randomized controlled trials (RCTs) on cognitive rehabilitation therapy
(CRT) for reported information about the potential for adverse events or harm. This chapter in-
cludes a discussion of those studies.

POTENTIAL FOR ADVERSE EVENTS OR HARM FROM CRT

None of the RCTs that met inclusion criteria explicitly conceptualized or assessed potential
risks of therapy, such as major inconveniences, unintended negative consequences, or exacerba-
tion of a concomitant condition (e.g., posttraumatic stress disorder). None of the trials reported
data about any serious adverse events, including acts of aggression, suicide, or death.

Several of the trials that evaluated multi-modal/comprehensive therapy assessed measures
such as anxiety and depression that theoretically could be improved or worsened with some
forms of CRT (Ruff and Niemann 1990; Salazar et al. 2000; Tiersky et al. 2005; Vanderploeg et
al. 2008). Ruff and Niemann’s (1990) small trial included 24 patients with chronic, moderate-
severe traumatic brain injury (TBI). The trial compared a multi-modal, structured cognitive out-
patient retraining program with therapy focusing on psycho-social functioning and activities of
daily living (ADLs). Although the investigators had hypothesized increased emotional distress
with cognitive rehabilitation, they found neither group perceived any changes in emotional or
psycho-social functioning, though individuals in the second group tended to rate themselves
more obstreperous after treatment. Salazar et al. (2000) and colleagues’' single-center trial of
patients with TBI in the subacute phase reported increased numbers of patients with major de-
pression (19 at baseline, 27 at 1-year follow-up) and generalized anxiety (10 at baseline, 20 at 1-

! The committee reviewed Salazar et al. 2000, with Braverman et al. 1999 and Warden et al. 2000.
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year follow up) among the 53 active-duty military personnel with moderate-severe TBI rando-
mized to home rehabilitation with telephone support. No such increases were seen among the 67
individuals randomized to intensive in-hospital rehabilitation (depression 18 at baseline and 16 at
follow up; anxiety 9 at baseline and follow-up). Incomplete follow-up at 1 year (34 of 53 home
rehabilitation patients and 42 of 67 in-hospital rehabilitation patients) and possible differential
surveillance and ascertainment limit the interpretation of these findings. Tiersky et al.’s (2005)
small, single-blind trial found that individuals with mild TBI in the chronic phase who were ran-
domized to neuro-psychologic rehabilitation reported less anxiety and depression (measured with
SCL-90R) at 3 months than those randomized to a waitlist group. Vanderploeg et al.’s (2008)
multi-center trial involving veterans with moderate-severe TBI in the subacute phase who were
treated in acute inpatient rehabilitation programs reported no differences in worry, depression, or
irritability at 1 year between groups randomized to cognitive didactic versus functional-
experiential rehabilitation.

RCTs that evaluated single modality interventions most often used modality-specific out-
comes and did not assess outcomes that could have detected any psycho-emotional distress re-
lated to the rehabilitation therapy. Only the Salazar trial reported estimated costs of CRT. The
additional rehabilitation cost estimated for each patient in the intensive in-hospital group was
$51,840 (based on standard WRAMC physiatry service costs of $864 per day) whereas the home
program rehabilitation total cost was $504 per patient (Salazar et al. 2000).

CONCLUSIONS: ADVERSE EVENTS OR HARM

The committee found that evidence about any potential downsides and risk for harm asso-
ciated with CRT is scant. Although the limited available evidence suggests no great concern re-
garding risk for harm, future studies that evaluate CRT should include and report measures that
assess such risks.
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Directions

Since cognitive rehabilitation therapy (CRT) was first described in published literature, its
clinical application and efforts to document efficacy of CRT treatments through research have
been ongoing. Innovative interventions aimed to address specific cognitive impairments and
whole-person functioning have been characteristic of this field. However, limited empirical re-
search and inadequate standardization currently restrict the ability to formulate evidence-based
practices. This current state of knowledge will therefore, benefit from increased organization and
funding of both interventional studies and observational analyses. Both approaches, to be opti-
mally productive, must address the challenges in obtaining more useful and interpretable data on
the patients treated or enrolled in studies, on the CRT treatments they receive, and on the out-
comes they experience.

SYNTHESIS OF EVIDENCE REVIEW

The committee found published data signaling the benefit of some forms of CRT for traumat-
ic brain injury (TBI). However, the evidence for the therapeutic value of CRT is variable across
cognitive domains and is currently insufficient overall to provide definitive guidance for transla-
tion into clinical practice guidelines, particularly with respect to selecting the most effective
treatment(s) for a particular patient. This limitation results from the heterogeneity of TBI as well
as a lack of operational definitions of different forms of CRT, small samples typical of most
CRT studies, and the variety of premorbid conditions, comorbidities, and environmental factors
that may moderate the value of a given form of CRT. Table 14-1 provides an overview of the
committee’s conclusions based on the review of literature of modular, domain-specific treat-
ments as well as multimodal/comprehensive CRT programs.

In most cases the evidence provides limited, and in some cases modest, support for the effi-
cacy of CRT interventions. The committee defined limited evidence as “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;” the limitations of the evidence do not rule out meaningful
benefit. In fact, the committee supports the ongoing clinical application of CRT interventions
Sfor individuals with cognitive and behavioral deficits due to TBI. To acquire more specific and
meaningful results from future research the committee has laid out a comprehensive research
agenda to overcome challenges in determining efficacy and effectiveness. 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 recovery is less of a confound), with the proviso that
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TABLE 14-1 Overall Conclusions by Cognitive Domain and Multi-Modal/Comprehensive CRT

Language q
Domain Attention Executive Function and Social Memory Multl-M(?dal/
L Comprehensive CRT
Communication
Subdomain Awareness L
Awareness
i . Moderate- . Moderate-
TBI Severity Moderate-Severe Moderate-Severe Moderate-Severe Mild Moderate-Severe Mild
Severe Severe
g}e;z:ery Subacute | Chronic Chronic Chronic Chronic Subacute Chronic
Approach R R R R/IC/EC R c EC R | IC EC M M M
Patient-
Centered 0 + 0 + 0 0 N/A | 0 + ++ 0 + 0
Qutcomes
Long-Term
Treatment + 0 0 0 + + NA | 0 + N/A 0 + 0
Effect
Immediate
Treatment + + + + ++ + NA | 0 | ++ ++ 0 + 0
Benefit

NOTES: Evidence Grades: 0 no or not informative, + limited, ++ modest, +++ strong; IC = internal compensatory
strategy; EC = external compensatory strategy; R = restorative strategy; M = mixture of treatment approaches. Mul-
tiple treatments intended to target cognitive (non-awareness) aspects of executive function were examined in single
studies. The treatments varied in their approach from more restorative (e.g., categorization training) to internal com-
pensatory (e.g., Goal Management Training) to external compensatory (e.g., Neutral alerting tones). The evidence
grading reflects the lack of replication of any single approach.

objectively measurable functional goals are articulated and tracked and that treatment continues
only so long as gains are noted.

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—those that did were
only in the chronic phase; and few studies addressing treatment of those with moderate to severe
injuries in the subacute phase. Table 14-2 provides the committee’s definitions for acute, sub-
acute, and chronic recovery phases. The dearth of evidence in these areas is multi-factorial, but
the committee recognized specific practical and methodological limitations. One limitation is
that objective measures sensitive to the cognitive complaints of patients with mild TBI are lack-
ing in many instances and the use of subjective self-report measures as an alternative is proble-
matic when studying treatments that cannot be blinded. Also, studies of subacute treatments re-
quire 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.
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TABLE 14-2 Definitions of Acute, Subacute, and Chronic TBI Recovery

Mild TBI Moderate-Severe TBI
Acute < 3 months Acute hospital care
Subacute > 3 months < 6 months Inpatient rehabilitation
Chronic > 6 months < 12 months Outpatient rehabilitation

Evidence supporting the efficacy of CRT in the chronic phase of TBI for patients with mod-
erate-severe injuries varies by cognitive domain and specific CRT treatment modality. Of note,
patients with moderate to severe injuries in the chronic phase typically have deficits that can be
objectively measured and have a slower rate of natural recovery. These patients are unlikely to
improve substantially without intervention; thus, observations of clinical outcomes in the chronic
phase of TBI are a more useful source of evidence than in more variable, earlier phases of recov-
ery. However, currently even the most promising treatments lack sufficiently powered trials to
answer important practical questions including: (1) which patient characteristics are associated
with best response from a given treatment, (2) what are the lasting benefits of treatments that
have initially positive results, and (3) to what degree does generalization occur of trained tasks to
real-world tasks (for modular treatments) or to global impact on community integration and qual-
ity of life (for comprehensive treatment programs).

RECOMMENDATIONS

Considering the dearth of conclusive evidence identified to date, the committee recommends
an investment in research to further develop CRT. The committee interpreted its charge as as-
sessing the current state of the evidence. The committee was not asked to develop policy guide-
lines or make clinical practice recommendations, but to reach evidence-based conclusions that
would inform policy decisions. In most cases the evidence provides limited, and in some cases
modest, support for the efficacy of CRT interventions. However, the limitations of the evidence
do not rule out meaningful benefit. In fact, the committee supports the ongoing clinical applica-
tion of CRT interventions for individuals with cognitive and behavioral deficits due to TBI. To
acquire more specific/meaningful results from future research the committee has laid out a com-
prehensive research agenda to overcome challenges in determining efficacy and effectiveness.
However, these recommendations are possible because the evidence review signals some prom-
ise. Compared to pharmacological studies, which are more conducive to controlled environ-
ments, the committee acknowledges the difficulties associated with research for all forms of re-
habilitation. Complexity of patient, injury or disease, and environmental characteristics, among
other factors, require variability in possible treatment approaches; these complexities create inhe-
rent challenges with rehabilitation research in general. Therefore, the committee did not identify
methodological issues in this report to hold CRT research to a higher standard than rehabilitation
research at large; it serves merely as a overt discussion of the issues that cloud determination of
efficacy and effectiveness. 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
heterogeneity, the outcomes that are used to measure impact of treatment, and the treatments
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themselves 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
evidence studies are helping to better characterize TBI patients, treatments, and relevant out-
comes. Practice-based evidence studies include the Congressionally Mandated Longitudinal
Study on TBI (e.g., 15 Year Longitudinal Study of TBI Incurred by Members of the Armed
Forces in OIF/OEF), DVBIC Study on Cognitive Rehabilitation Effectiveness for Mild TBI
(SCORE!), Millennium, and TBI Model Systems. These cohorts involve collaborative efforts
between the U.S. Department of Defense (DoD) and U.S. Department of Veterans Affairs (VA)
via the Defense and Veterans Brain Injury Center (DVBIC). Furthermore, the recently funded
Federal Interagency Traumatic Brain Injury Research (FITBIR) database will be collecting uni-
form and high-quality data on traumatic brain injury, including brain imaging scans and neuro-
logical test results. The committee recognizes the ongoing emphasis from both government
agencies to enhance collaboration on TBI and improve psychological health of service members
and veterans through the VA/DoD Joint Executive Council Strategic Plan to integrate health care
services (VA/DoD, 2009). This collaboration is especially important in evaluating transitions in
care and long-term treatment for injured soldiers as they move out of the Military Health System
(MHS) and into the Veterans Health System, run by the VA. For example, it will be important to
study how CRT may benefit aging veterans who experience long-term outcomes of TBI, such as
cognitive decline associated with dementia.

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 ac-
knowledges that efforts are underway to facilitate manualization of treatments, including the
“Cognitive Rehabilitation Treatment Manual” by the Brain Injury Special Interest Group of the
American Congress of Rehabilitation Medicine, and the “Executive Plus” treatment manual de-
veloped by the Mount Sinai Brain Injury Research Center. These are promising efforts to build
upon, an effort this report supports.

The committee recommends the Department of Defense undertake the following:

o Include measures in experimental and observational data sets that characterize im-
portant dimensions of patient heterogeneity and factors affecting recovery and re-
sponse to CRT,

o [mprove standardization of CRT treatments as well as TBI patient characteristics
and relevant outcome measures in clinical practice and research,
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o Develop a common registry or linked registries encompassing de-identified data of
large numbers of consenting patients to facilitate data mining and the rationale for
testing new interventions, and

e Prospectively follow any policy changes in coverage for CRT in the Military Health
System.

Due to the pressing nature of the problem—TBI affects many thousands of individuals, par-
ticularly U.S. service members, every year—these efforts should take advantage of current mo-
mentum in TBI research to improve the field of CRT research via existing cohorts. The commit-
tee developed and designed the layout of these recommendations systematically, to sequentially
address fundamental flaws in CRT research. For example, developing a common registry to
prospectively facilitate data mining should not be undertaken before there are agreed-upon defi-
nitions of patient characteristics, outcome measures, and CRT interventions, which cannot be
accomplished without accounting for and recognizing TBI-related heterogeneity, factors affect-
ing recovery, and response to CRT.

Recognize Heterogeneity, Factors Affecting Recovery, and Response to CRT

An individual’s response to CRT may be affected by pre-injury status, comorbid conditions,
environmental factors, injury severity, impairment severity, and mechanism of injury. For exam-
ple, it may be that certain types of memory remediation work best for individuals with moderate-
severe injury, focal memory impairments, and a supportive home environment. Or, treatment
impact may vary with the presence of a sleep disturbance or the extent of family support to en-
hance participation in or reinforcement of the intervention. Researchers and clinical providers
should collaborate to identify the many variables that influence response to therapy interven-
tions. Relatively large samples are therefore necessary to ascertain the interventions that are most
effective for specific patients and their special needs and circumstances. To enhance the under-
standing of the optimal treatment candidates for various forms of CRT, and their relative value in
affecting different outcome targets, DoD should collaborate with other rehabilitation research
organizations to capture relevant patient characteristics and outcome measures, which can facili-
tate comparison of results across studies and treatments and support formal meta-analyses.

Categorizing participants by injury severity and recovery phase may be important to create
useful categories, group studies, and draw related conclusions. However, in research or treatment
of cognitive deficits following TBI, clinicians and researchers are generally more attentive to se-
verity of the deficit rather than severity of injury. Likewise, in application and research, clinicians
and researchers focus more on clinical indicators of treatment need and readiness for treatment
than the absolute time since injury. Therefore, in some cases, the severity of injury classification
does not correspond with the severity of deficit requiring rehabilitation. For example, a moderate
or severe TBI can result in chronic but mild, moderate or severe cognitive impairments. Like-
wise, a mild TBI can result in mild but very disabling cognitive impairments that interfere with
one’s ability to participate in society.

Environmental and social factors, particularly family support, are especially influential in re-
covery from TBI. Engaging and mobilizing the patient’s family may be accomplished by a range
of efforts. Caregivers are directly affected by their family members’ disability and play key roles
in motivation, treatment participation, compliance, and follow up. Thus, education and support
for family members and other caregivers are essential in CRT treatment. However, the roles of
family and caregivers in CRT treatments for TBI are rarely defined systematically and vary by
intervention, study, and rehabilitation program. DoD should encourage family or caregiver in-
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volvement, especially where interventions or rehabilitation programs may require significant
support for the treated individual within or beyond the treatment facility. Investigators should
consider the important role of caregivers as interventions or rehabilitation programs are tested in
controlled environments. DoD should consider the incurred costs of CRT to family members, in
part related to the burdens of taking time away from work and traveling to rehabilitation facili-
ties, and thus may want to increase support for families/caretakers as part of the recovery
process.

Promote Standardization and Operationalization of
Patient Characteristics, Outcome Measures, and CRT Interventions

Research to document efficacy of CRT will benefit from greater operational definition of the
CRT interventions being evaluated. Given that no current treatment taxonomy is sufficiently ma-
ture to allow feasible coding of treatment A versus B versus C in practice, the most realistic
short-term approach to defining and standardizing specific CRT interventions is to develop
treatment manuals and adherence measures to verify that the defined treatment is being adminis-
tered to patients. Developers of CRT treatments and others experienced in their use, along with
civilian and military funding agencies, should collaborate to codify and make widely available
these operationally defined treatments (e.g., specific manual-based forms of CRT), which can be
tested in clinical trials. Likewise, collaboration should achieve consensus for recommendations
on variables that describe patient characteristics and clinical outcomes. To enforce newly estab-
lished standards, funders can promote these standardized practices by requiring research unifor-
mity in research proposals. Likewise, professional organizations may consider providing con-
tinuing education only to those practitioners and providers meeting standard criteria.

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
influence recovery and treatment response,

2. Identify and select uniform TBI outcome measures, including standard meas-
ures of cognitive and global/functional outcomes, and

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

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

Advancing the evidence about CRT requires enlarging the sample size of patients studied in
similar ways, by investing in larger studies or ensuring the collection of comparable data across
multiple smaller studies and observational data sets. The necessary data include variables that
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capture characteristics of patients that are relevant to predicting their outcomes and their re-
sponse to treatment, variables that capture a range of outcomes that shed light on the impact of
CRT, and variables that capture the type and dose of CRT interventions that patients receive.
Measures of many of the relevant patient characteristics are already available, but comparable
measures are not being collected across studies. Measures of the relevant outcomes are also
available, and the NIH’s CDE effort has already made some progress in suggesting specific con-
sensus outcome measures for patients with TBI. Outcome measures incorporated into CRT re-
search remain variable. Therefore, in the areas of patient characteristics and outcomes, progress
can be made by striving for consensus on the available measures that are most useful to incorpo-
rate into CRT data collection efforts over time.

In the case of variables that define CRT interventions received, however, the field is not
nearly as well developed. There is no current taxonomy that defines or names in standardized
fashion different forms of CRT in ways that are likely to map onto their efficacy and effective-
ness, and thus no straightforward process for recommending treatment-related variables for in-
corporation into studies and registries. Thus, advancing the process of standardized treatment
data collection will evolve over time and may involve (1) considering what measures are current-
ly available that are likely to be useful in this effort, (2) developing a consensus agenda of the
work needed to advance CRT treatment definition, and (3) distilling promising forms of CRT
into treatment manuals with associated adherence measures, so that the delivery of these well-
defined packages can be documented. As a way to make these improvements, the committee re-
commends that DoD convene a conference to achieve consensus among multiple agencies and
professional organizations providing or endorsing CRT. The conference participants should be
given specific goals to finalize the selection of patient characteristics 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 interventions.

Recommendation 14-2: The DoD should convene a conference to achieve consensus
among a multiagency (e.g., VA, NIH, and NIDRR), multi-disciplinary team of clini-
cians and researchers to finalize the selection of patient characteristics 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.

In addition, researchers and clinicians should reach consensus on the appropriate timing of
CRT in the course of recovery following TBI. Current data examine the application of CRT in
subacute and chronic phases of mild or moderate/severe TBI, with no parallel identified evidence
base for review of CRT delivered during the acute stage. This may in part be due to spontaneous
resolution of short-term impairments without rehabilitation. Formal analyses to identify early
predictors of spontaneous recovery should be undertaken to best identify patients who are at risk
for long-term impairments and who are good candidates for CRT. Data are needed to enforce or
dispel the current idea that rehabilitation programs should ideally begin treatment only in sub-
acute and chronic phases of TBI.

Develop a Registry Among Existing Cohorts

The treatment and time course of TBI among military personnel, including its sequelae and
recovery, prompt the cooperative engagement of government agencies and other research organi-
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zations to advance evidence-based decision making pertaining to the value of specific interven-
tions for TBI, particularly within the military setting. Ongoing research provides an opportunity
to bridge substantial knowledge gaps that require continual compilation and analyses of the re-
sults as well as publication of interim findings and data sharing.

Throughout its deliberations, the committee had the opportunity to hear from researchers ac-
tively engaged in studies of CRT for the treatment of individuals with TBI. Ongoing and new
studies provide an opportunity to increase standardization, identify factors that characterize the
course of TBI and factors that may affect recovery, and evaluate individual CRT approaches
compared to comprehensive or multi-modal treatments. Furthermore, such studies provide an
opportunity for DoD and allied agencies (e.g., NIDRR, NIH, VA) to better understand the evolv-
ing field of CRT and make judgments regarding efficacy of both modular and comprehensive
treatments.

Longitudinal patient registries represent an evolving resource that will make observational
studies of comparative effectiveness more feasible and informative. Such deidentified but coded
registries go beyond administrative claims data, which typically lack sufficient clinical data
about disease severity. Larger integrated health care delivery systems are creating registries with
the aid of electronic medical records that link administrative claims data with clinical, pharmacy,
and laboratory data, and, increasingly, with patient-reported data that are collected in a systemat-
ic fashion. Clinical trials are typically of relatively short duration but contain a wealth of well-
characterized data and should be included in the proposed longitudinal registries.

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 trial, Millennium, TBI Model Systems) and develop a comprehen-
sive registry encompassing the existing cohorts and de-identified MHS medical
records to allow ongoing evaluation of CRT interventions.

There are many strategies for establishing a registry, but existing studies or cohorts that
might be adapted for this purpose include the Congressionally Mandated Longitudinal Study on
TBI DVBIC SCORE trial, Millennium, and TBI Model Systems. CRT for TBI ideally would
take into account subgroup-level results, given the heterogeneity of populations and forthcoming
advances in disease mechanisms/markers (Kent et al. 2010). Randomized trials large enough to
conduct such analyses will be expensive and take years; a prospectively designed registry could
potentially yield results on subgroups more rapidly to help inform research community about
who would most benefit from CRT. A registry could be used to analyze current implementation
of CRT as well as the associated outcomes. This information should prospectively capture addi-
tional data elements. The registry should include data from: (1) operationally defined categories
or taxonomy of CRT treatments (as described in Recommendations 14-1 and 14-2), and (2) pro-
viders of CRT-consistent care, such as physical therapists, occupational therapists, speech the-
rapists, or others.

The different labels and billing codes currently used by various providers (e.g., occupational
therapists, physical therapists, and speech-language pathologists) makes it difficult or impossible
to identify and track current CRT usage patterns. Operationally defined CRT treatments (i.e.,
manual-based interventions) will not clear up the ambiguity of services provided via occupation-
al therapy (such as “dressing training”) versus CRT. However, operationally defined CRT treat-
ments will improve identification and tracking of (1) restorative programs (these treatments
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usually involve “artificial” tasks so they cannot be labeled as “dressing training”), and (2) large,
organized programs of compensatory CRT treatments. Once a more comprehensive taxonomy of
rehabilitation treatments is available, embedded CRT activities provided via occupational thera-
py, physical therapy, or speech-language pathology will be easier to identify due to the services
provided (e.g., training, learning, adapting, and compensating).

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.

Prospectively planned analyses of clinically rich datasets are increasingly used to monitor
and evaluate the implementation and impact of clinical and policy interventions in health care.
These registries provide the opportunity to reassess effectiveness—including both benefits and
harms—of interventions as they move into routine care from settings and populations in which
they have been tested for efficacy. Because little research exists on dissemination of evidence-
based CRT therapies, DoD should evaluate the impact of policy changes about evidence-based
CRT interventions delivered in the MHS. DoD can shape and monitor implementation rollout,
and plan a prospective evaluation of the utilization, health, and financial impacts of any coverage
policy change.

Advance Current Research

To continue efforts to document efficacy and effectiveness of CRT, research should be de-
signed to address the effects of CRT across various levels of TBI severity and recovery among
individuals capable of participating in this therapy, especially service members and veterans.
Current efforts should provide valuable information about CRT efficacy and effectiveness. For
example, the ongoing SCORE! trial includes four arms. The treatment group (with CRT) will
compare to a no treatment group (to determine efficacy) and other forms of CRT group (to de-
termine effectiveness).As discussed previously, the potential moderating effects of premorbid
conditions (e.g., attention deficit hyperactivity disorder [ADHD], learning disabilities), comor-
bidities (e.g., posttraumatic stress disorder [PTSD], depression), and social environmental con-
text (e.g., family support) on response to CRT should be studied. Investigative attention should
be devoted to evaluating the generalization of the effects of CRT across various settings, as well
as the persistence of any improvements over time. There are several promising efforts underway
or planned, as indicated by the table of ongoing or recently completed clinical trials found in
Appendix C of this report. Ideally, study designs will include:

e an emphasis on functional patient-centered outcomes, and

e defined control groups of ideally wait-list or usual care comparisons, and

e sample sizes sufficiently large to inform analyses of the impact of heterogeneities
(covariates) within the TBI population on treatment outcome, or

e novel, adaptive designs (to surmount sample size issues).

The Department of Defense should continue to facilitate development of existing, early stage
research. Early research may be most efficiently compared to no treatment or a wait list control,
since this does not require design of plausible but inert comparison treatments, and avoids the
risk of comparing two effective treatments. Once a treatment is shown to be superior to no treat-
ment, research designs may include increasingly precise comparisons to define the ingredients
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that account for impact. Such treatments should be distilled into treatment protocols or manuals
in consultation with their original developers and/or researchers and clinicians experienced in
these approaches, and accompanied by adherence measures that ensure these treatments’ faithful
delivery.

Once a set of effective modular treatments is assembled, a comprehensive program could
then be built from the set. The protocol would ideally incorporate assessment and treatment se-
lection criteria to determine which patients should receive which modules, as well as assessment
of the impact of the program on important aspects of activity and participation. A research pro-
gram of this magnitude requires substantial and sustained investment, and most likely a multi-
center research system to recruit sufficient patients for study.

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.

Modeling, observational studies, randomized controlled trials (RCTs), and systematic re-
views are the types of research approaches used for comparative effectiveness and implementa-
tion research. Well-controlled trials of CRT will help provide more definitive evaluations of
CRT efficacy in ameliorating cognitive deficits due to TBI, as will large observational studies
that capitalize on existing registries and cohorts, including long-term follow-up of clinical trial
populations. Observational studies are potentially less expensive to perform than RCTs; howev-
er, observational studies require sufficient sample size and duration to account for variability of
injury severity and other factors that influence treatment choice and outcomes. The Patient Cen-
tered Outcomes Research Institute, established in 2011, includes a Methodology Committee
charged with identifying areas of methodological research to improve the quality of findings
from comparative effectiveness studies, particularly observational study designs. Meaningful
analysis requires accounting for these factors and comparing outcomes of different treatment ap-
proaches. Periodic evaluation of accrued evidence should accompany efforts to improve the size
and quality of studies, since the value of a systematic review of evidence depends on the quality
of studies being assessed.

CONCLUSION

Members of the military and civilians commonly experience TBI, which often results in sig-
nificant cognitive, physical, or psychosocial deficits requiring rehabilitation. These recommenda-
tions aim to assist DoD and allied agencies in addressing this increasing and significant problem
for U.S. society. Conclusive evidence of efficacy, and particularly effectiveness, is lacking for all
forms of CRT even though some forms have modest amounts of evidence.

In reviewing the evidence, the committee found no studies addressing cognitive deficits in
the acute phase of recovery following TBI, few studies addressing treatment of those with mod-
erate-severe injuries in the subacute phase, and few studies addressing cognitive treatment for
individuals with mild injuries overall. Evidence supporting the efficacy of CRT in the chronic
phase of TBI for patients with moderate-severe injuries varies by cognitive domain and specific
CRT treatment modality. Because the noted limitations of the evidence often were secondary to
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the methodological shortcomings of the studies reviewed, and do not rule out meaningful benefit
of CRT for TBI, the committee supports the ongoing clinical application of CRT interventions
for individuals with cognitive and behavioral deficits due to TBI. With thoughtful consideration
of the challenges it faced throughout the study process, and in light of the lack of conclusive evi-
dence, the committee has identified these recommendations as a way forward for the Military
Health System.
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Appendix A

Comparative Effectiveness and Implementation

Research for Neurocognitive Disorders
Concepts Relevant to Cognitive Rehabilitation Therapy for Traumatic Brain Injury

TASKS RELATED TO COMPARATIVE EFFECTIVENESS RESEARCH

The Institute of Medicine (IOM) Committee on Cognitive Rehabilitation Therapy (CRT) for Trau-
matic Brain Injury (TBI) was asked to determine if there is sufficient evidence to support widespread use
of CRT interventions in the Military Health System (MHS), including TRICARE coverage. In the State-
ment of Task, the committee was charged with assessing the literature not only for efficacy but also for
effectiveness (““...the committee will consider comparison groups such as...other non-pharmacological
treatment”) as well as any evidence of harm or safety issues. Thus, Subtasks 1 through 3 of the Statement
of Task to the committee include requests for analysis of any existing literature that directly compares
alternative treatment approaches. Such an analysis directly falls within the definition of comparative ef-
fectiveness research (IOM 2009).

A primary tenet of comparative effectiveness research is to evaluate which preventions and treatments
work for which patients. This tenet reflects “the growing potential for individualized and predictive medi-
cine—based on advances in genomics, systems biology, and other biomedical sciences—through the
analysis of subgroups with demographic, ethnic, physiologic, and genetic characteristics that could be
useful factors in clinical decisions” (IOM, 2009). CRT interventions are multi-faceted, and by definition,
tailored to the particular individual. Interventions intend to address not only specific domains of cogni-
tive impairment, but also potential mediators and moderators of a CRT intervention’s effect(Figure A-1).
These mediators or moderators may include characteristics unique to the individual, the type and extent of
comorbidities, or the type and one or more cognitive deficits. Furthermore, the unique characteristics of
the individual may reflect preexisting conditions or factors unrelated to TBI, such as presence of a sleep
disturbance or extent of family support to enhance participation in or reinforcement of the intervention.

TASKS RELATED TO IMPLEMENTATION RESEARCH

The committee was also asked to assess adequacy of the “training, education, and experience” of pro-
viders of CRT, which falls within the scope of implementation research. Such research aims to analyze
whether clinical interventions with evidence of efficacy are being delivered in real-world, nonexperimen-
tal settings by usual providers, and if so, whether the interventions continue to have a net health benefit.
Thus, implementation research not only observes levels of care and barriers to provision of high-quality
care, but also designs and evaluates policy or healthcare delivery system interventions that may improve
the uptake or delivery of a clinical therapy. In that way, the health benefit of a therapy—across a popula-
tion—is maximally achieved in the context of its value. This issue is particularly relevant to CRT, since
such interventions are more complex than delivery of a drug and require:

1) Availability of specific protocols and tools for delivering a particular CRT intervention,

2) Adequately trained CRT providers, and

3) A context that maximizes sufficient participation by the patient to achieve the benefit of the CRT.

A-1
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FIGURE A-1 Model for Comprehensive CRT Intervention for Postacute TBI Cognitive Impairment
in One or More Domains, Comorbidities, and Outcomes
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TRANSLATING EVIDENCE INTO PRACTICE THROUGH
PHASED IMPLEMENTATION AND EVALUATION

The IOM Clinical Research Roundtable developed a now widely accepted conceptual model of the
research stages (Sung et al. 2003). As depicted in Figure A-2, research stages include discovery of disease
mechanisms in the laboratory, development of efficacious therapeutics, and translation of evidence-based
therapies into widespread practice. To translate evidence-based therapies to care generally calls for a
phased series of studies, due to the need to reengineer or redesign the way care is usually delivered. These
kinds of behavior or organizational changes are often complex, and initial implementation approaches
require extensive investigator involvement in design and oversight of the change process. Strategies that
are successful in more tightly controlled environments must become broadly disseminated in heterogene-
ous care settings, with less investigator involvement.

Furthermore, change strategies apply evaluations later in the process, focusing on a qualitative analy-
sis of how and how well the intervention is implemented, and whether the intervention continues to have
beneficial impact (Figure A-3) (Stetler et al. 2008). These kinds of evaluations are particularly relevant
for nonpharmacological interventions like CRT. For an example beyond TBI literature, interventions to
facilitate behavioral or lifestyle changes in diet and physical activity for hypertension control utilize these
evaluations (Appel et al. 2003).
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FIGURE A-2 Clinical Research Continuum
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FIGURE A-3 Refined research-implementation pipeline

Higher use of Improved

population
health

Clinical Quality
Improvement or
Policy
Interventions

Lower,
delayed. or
inapprepriate
useof
RCT-proven
treatments

Implem entation
Research

Refined research -implementation pipeline

Implementation Research

Effectiveness:
Guidelines and |
Systematic Reviews)

Interventional
implementation
studies

Observational : Guality
gaps, implement
processes

SOURCE: Adapted from: Stetler et al., 2008.

Improved Health
Processes,
Qutcomes

Phased
"Post-M arketing”
M onitoring,
FHefinement

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.

A-3



Cognitive Rehabilitation Therapy for Traumatic Brain Injury: Evaluating the Evidence

A-4 COGNITIVE REHABILITATION THERAPY FOR TRAUMATIC BRAIN INJURY

CRT FOR TBI AND COMORBIDITIES
COMMON IN THE MILITARY SETTING

The literature reviewed for this report illustrates that TBI occurring in a military context is commonly
accompanied by comorbidities, including symptoms of psychological distress and possible co-occurring
diagnoses of depression, posttraumatic stress disorder (PTSD), or anxiety disorder. Physical comorbidi-
ties also may exist, including pain, fatigue, sleep disturbance, visual impairment, or effects of polytrauma
from blast injuries. The recognition and management of these comorbidities will impact end-indicator
outcomes such as health-related quality of life or employment; these outcomes are also targeted by reha-
bilitation directed toward specific or multiple cognitive domains. The recently funded Defense and Veter-
ans Brain Injury Center (DVBIC) SCORE! trial began enrollment in 2011. The study addresses pervasive
TBI comorbidities through inclusion of a comparator arm in which both cognitive and psychological
comorbidities are systematically screened for and addressed in a strategy tailored to the individual. This
clinically pragmatic approach recognizes that multiple, applicable, efficacious clinical interventions
should be tailored to the problems of the individual, both the primary cognitive domain(s) affected and
any comorbidities. This approach is analogous to those developed and tested for certain chronic condi-
tions that have a broad range of symptom manifestations.

For example, Alzheimer’s disease not only affects memory but also is often accompanied by a wide
and varied range of behavior problems and depression in the patient; safety issues; as well as depression,
anxiety, and stress in family caregivers. To successfully delay declines in patient health outcomes and to
improve caregiver outcomes requires screening for problems, prioritizing goals with the patient and the
caregiver, and implementing and following up on care management protocols likely to maximize benefit
for that patient—caregiver dyad (Vickrey et al. 2006). In general, U.S. health care is moving toward care
delivery strategies for chronic diseases that are preventive; ongoing; include structured, systematic as-
sessments; engage the patient in self-management; and utilize health information technology (IT) to make
care delivery more efficient (Wagner et al. 1996). This trend is in contrast to the traditional model of doc-
tor visit-based care, which is more reactive to problems and arose from an era in which acute therapy for
problems such as infections and injuries was the standard.

Evidence for the efficacy of CRT for specific domains of cognitive impairment can guide clinical de-
cision making and coverage decisions for individuals with deficits in those domains with similar contexts
and clinical profiles as participants in those trials. Yet most individuals with blast-related TBI have other
comorbidities not studied in civilian trials. Several studies that research multi-faceted interventions to ad-
dress multiple comorbidities and broader affected populations are under way (see Appendix C). The find-
ings from these trials will need to be incorporated into future coverage and clinical service decisions to
inform subsequent research studies that aim to build on those findings.

RESOURCES FOR COMPARATIVE EFFECTIVENESS RESEARCH
APPLICABLE TO ONGOING RESEARCH ON CRT FOR TBI

Prospectively planned analyses of clinically rich datasets are increasingly used to monitor and eva-
luate the implementation and impact of clinical and policy interventions in health care. These analyses
enable researchers to reassess effectiveness—including both benefits and harms—of interventions as they
move into routine care from controlled settings and populations where they have been tested for efficacy.
Types of research approaches used for comparative effectiveness and implementation research include
systematic reviews, randomized trials, modeling, and observational studies. Observational studies are po-
tentially less expensive to perform than randomized trials. However, observational studies require suffi-
cient clinical variables to enable meaningful analyses, considering disease severity and factors that would
influence choice of treatment and outcomes. Likewise, analyses to compare outcomes of different treat-
ment approaches should account for these factors.

The Patient Centered Outcomes Research Institute, a private, nonprofit organization established in
2011, includes a Methodology Committee charged with identifying areas of research to improve the
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quality of findings from comparative effectiveness studies, particularly observational study designs. An
evolving resource that will make observational studies of comparative effectiveness more useful and feas-
ible to conduct is the growth of longitudinal patient registries. Such registries go beyond administrative
claims data, which typically lack sufficient clinical data on disease severity. Larger, integrated healthcare
delivery systems are creating registries that link administrative claims data with pharmacy data, laborato-
ry data, electronic medical records, and increasingly, patient-reported data collected in a systematic fa-
shion, to minimize missing data on key variables (Paxton et al. 2010). In the case of CRT in the MHS, a
registry could be used to analyze implementation of CRT and the associated outcomes. Such a registry
would need to prospectively collect additional data elements, including operationally defined categories
or a taxonomy of CRT treatments, as well as the ability to assess (i.e., through analysis of a sample of
cases) the extent to which care consistent with CRT is currently delivered by physical therapy, occupa-
tional therapy, speech therapy, or other providers. Doing so allows for capture of current patterns and any
changes over time via new or modified policy or expanded, evidence-based practices.

The growth in technological capacity for electronic medical records and the national investment in
health IT capability are fueling the opportunity to build registries with clinical utility, with few down-
sides. A registry resource would ideally allow for ongoing investigations of the effectiveness of CRT de-
livery and coverage policies in the MHS and TRICARE by enabling researchers to access de-identified
data (with appropriate approvals) and other resources. This access would help researchers ensure data or a
subset of clinically enriched data are prospectively captured and updated. This type of investment will
ensure the timely and efficient conduct of:

1) Future research on effectiveness and implementation of alternative CRT approaches for
members of the military and veterans,

2) Analyses to be used by healthcare administrators to make decisions about the personnel and
resources currently in place and needed in the future to broadly implement CRT interventions
identified as of value for certain populations, and

3) Policy analyses on health and cost consequences of existing CRT coverage policies, which
will guide future recommendations for changes in coverage for these clinical services as the
evidence base and the affected population change over time.

There are many strategies for establishing a registry. Ideally, specific data elements on the delivery of
CRT would be built into new or recently created registries and observational studies sponsored by the U.S
Department of Defense (DoD) and U.S. Department of Veterans Affairs (VA), including the Congressio-
nally mandated 15-year longitudinal study of TBI outcomes in soldiers being carried out by DVBIC.

POTENTIAL OPPORTUNITIES

Opportunities for advancing knowledge of what works for CRT in TBI and for efficiently translating

that knowledge into healthcare delivery systems and maximizing health outcomes include the following:

e In currently planned DoD and VA registries, purposefully embed the necessary data elements
about types of CRT and providers, to prospectively analyze current care patterns and costs, and
factors associated with variation (Gliklich and Dreyer 2010).

e Prospectively plan to evaluate current care and any changes in response to policy decisions or
new evidence, analogous to the VA’s QUERI program and REACH program (Gitlin et al. 2010;
Nichols et al. 2011). Outcomes to be assessed in such an evaluation are impact on utilization,
benefits, harms, families, and unmet need, as well as quality of care delivered relative to current
or usual care patterns.

e Account for heterogeneity of populations and forthcoming advances in disease mechanisms and
markers by designing studies of CRT interventions or programs for TBI to include subgroup-level
results, as done with comparative effectiveness research on different modes of healthcare delivery
(Kent et al. 2010). This can be accomplished by ongoing surveillance for new evidence, particu-
larly on subgroup effectiveness (Shekelle et al. 2009).
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e C(Create a publicly accessible database of the interventions, including tools (manual, protocols,
other resources) for delivering them, facilitating implementation of new evidence about CRT.
This would also enable qualitative analysis of what components appear common to effective in-
terventions, analogous to the Rosalynn Carter Caregiving Institute database of effective caregiver
interventions.
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Appendix B

Workshop Agendas

The committee held data-gathering sessions that were open to the public at two of its six
meetings. These meetings were held in Washington, DC, and Irvine, California. The open-
session agendas of the public meetings are below.

Workshop One

Committee on Cognitive Rehabilitation Therapy for Traumatic Brain Injury

10:00 a.m.—10:10 am

10:10 a.m.—12:00 p.m.

1:00 p.m.—1:45 p.m.

1:45 p.m.—2:45 p.m.

2:45 p.m.—3:30 p.m.

3:45 p.m.—4:30 p.m.

4:30 p.m.—5:15 p.m.

5:15 p.m.—5:30 p.m.

5:30 p.m.

February 7, 2011

Keck Center of the National Academies

500 Fifth Street, N.W., Room 100
Washington, D.C.

Welcome and Introductory Remarks
Ira Shoulson, Georgetown University

The Charge to the Committee: A Discussion With the Sponsor
CAPT Robert DeMartino, TRICARE Management Activity

Continuum of Care for TBI in the Department of Defense
Kathy Helmick, Defense Centers of Excellence for Psychological
Health and Traumatic Brain Injury

Traumatic Brain Injury: Physical & Clinical Manifestations of
Head Trauma

Eric Nauman, Purdue University

Tessa Hart, Moss Rehabilitation Research Institute

Development of Cognitive Rehabilitation Therapy for TBI
Keith Cicerone, JFK Johnson Rehabilitation Institute

Overview of the Literature
Martin L. Rohling, University of South Alabama

Comorbidities and Confounding Factors of Head Trauma
Jennifer Vasterling, Boston University

Public Comment Period

Workshop Adjourns

B-1

Copyright © National Academy of Sciences. All rights reserved.



Cognitive Rehabilitation Therapy for Traumatic Brain Injury: Evaluating the Evidence

B-2

COGNITIVE REHABILITATION FOR TRAUMATIC BRAIN INJURY

Workshop One

Committee on Cognitive Rehabilitation Therapy for Traumatic Brain Injury

8:30 a.m.—8:40 a.m.

8:40 a.m.—10:00 a.m.

10:00 a.m.—11:45 a.m.

1:00 p.m.—1:40 p.m.

1:40 p.m.—2:15 p.m.

2:15 p.m.—2:30 p.m.

5:00 p.m.

March 16, 2011

Beckman Center of the National Academies

100 Academy Way
Irvine, California

Welcome and Introduction
Ira Shoulson, Georgetown University

Panel I: Cognitive Rehabilitation Therapy and TBI in
Research

Douglas Cooper, Defense and Veterans Brain Injury Center
Wayne Gordon, Mount Sinai School of Medicine

Yelena Bogdanova, Boston University

Panel II: Cognitive Rehabilitation Therapy and TBI in Practice
Mary Kennedy, University of Minnesota

Lyn Turkstra, University of Wisconsin

James Malec, Rehabilitation Hospital of Indiana

Mary Pepping, University of Washington

Panel II1. Outreach to the Family and Community
Allison Clark, Baylor College of Medicine

Ray Dorsey, Johns Hopkins University

Keynote: Comparative Effectiveness Research for
Neurocognitive Disorders

Barbara Vickrey, University of California, Los Angeles

Public Comment Period

Workshop Adjourns
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Appendix C

Recent and Ongoing Clinical Trials: CRT for TBI

The following table includes recent and ongoing clinical trials related to cognitive rehabilitation
therapy and traumatic brain injury; these trials may include criteria that go beyond the scope and
methods used by the IOM committee in its evaluation of the current evidence. The trials are
listed in alphabetical order, with start and end dates ranging from 1996 to 2013. The table was
created based on information from ClinicalTrials.gov, a service of the National Institutes of
Health (NIH).

C-1
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Appendix D

Biosketches of Committee Members and Staff

Ira Shoulson, M.D. (IOM) is professor of neurology, pharmacology and human science and
director of the Program for Regulatory Science and Medicine at Georgetown University—new
full-time academic positions effective January 1, 2011. Previously, Dr. Shoulson was the Louis
C. Lasagna Professor of Experimental Therapeutics and professor of neurology, pharmacology
and medicine at the University of Rochester School of Medicine & Dentistry in Rochester, New
York. He received his M.D. degree (1971) and postdoctoral training in medicine (1971-73) and
neurology (1975-77) at the University of Rochester and in experimental therapeutics at the
National Institutes of Health (1973-75). Dr. Shoulson founded the Parkinson Study Group
(www.parkinson-strudy-group.org) in 1985 and the Huntington Study Group (www.huntington-
study-group.org) in 1994—international academic consortia devoted to research and
development of treatments for Parkinson’s disease, Huntington’s disease and related
neurodegenerative and neurogenetic disorders. He has served as principal investigator of the
National Institutes of Health-sponsored trials ‘Deprenyl and Tocopherol Antioxidative Therapy
of Parkinsonism,” the “Prospective Huntington At Risk Observational Study,” and more than 25
other controlled multi-center studies. He was formerly a member of the National Institute of
Neurological Disorders and Stroke Council and president of the American Society for
Experimental NeuroTherapeutics. He is currently associate editor of Archives of Neurology and a
member of the Institute of Medicine of the National Academies. He has authored more than 280
scientific reports.

Rebecca A. Betensky, Ph.D. is professor of biostatistics at the Harvard School of Public Health
and a biostatistician at Massachusetts General Hospital (MGH). She directs the statistical core of
the Alzheimer’s Disease Research Center at MGH and she is co-leader of the Biostatistics
Program at the Dana-Farber/Harvard Cancer Center. She graduated from Stanford University
with a Ph.D. in 1992. Her current methodological research interests are in the areas of latent
class modeling for genomic data and survival analysis under complex sampling and with
auxiliary information. Dr. Betensky’s research involves the use of penalization, either in a
frequentist or Bayesian setting, to enable model fitting with the high dimensional data. This
research is motivated by problems that Dr. Betensky encounters in her collaborations in neuro-
oncology and neurologic diseases.

Peter Como, Ph.D. joined the U.S. Food and Drug Administration (FDA) in 2009 as a lead
reviewer and neuropsychologist in the Division of Ophthalmic, Neurological and Ear, Nose and
Throat Devices, Neurodiagnostic and Neurotherapeutic Devices Branch. He obtained his
doctorate in clinical psychology/neuro-psychology from the University of Delaware. Prior to
joining the FDA, Dr. Como was an associate professor of neurology, psychiatry and brain &
cognitive science at the University of Rochester Medical Center for 25 years. He served in a
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clinical capacity as a neuropsychologist in the Movement and Inherited Neurological Disorders
Unit in the Department of Neurology. Dr. Como was also a principal investigator in several
clinical research studies (observational and clinical drug trials) in Huntington’s disease,
Parkinson’s disease, and Tourette syndrome. Dr. Como has been invited to speak at major
national and international meetings with respect to his expertise in neuropsychology, clinical
trials and neurological movement disorders. Dr. Como was part of the clinical investigative team
who presented to an FDA advisory panel, which ultimately led to the approval of tetrabenazine
for the treatment of chorea, associated with Huntington's disease, in 2008.

Ray Dorsey, ML.D. is an associate professor of neurology at The Johns Hopkins University
where he directs the movement disorders division and neurology telemedicine. His research
focuses on developing new treatments and improving the way health care is delivered, including
the use of telemedicine, for neurological disorders. He previously was an assistant professor of
neurology at the University of Rochester and an associate for the consulting firm, McKinsey &
Company. He attended medical and business school at the University of Pennsylvania.

Charles E. Drebing, Ph.D. is the acting mental health service line manager at the Bedford
Veterans Administration (VA) Medical Center, and the associate director for the New England
Mental Illness Research, Education & Clinical Center. Since joining the staff of the VA in 1992,
he has been involved with a range of studies examining interventions for psychiatric
rehabilitation settings, as well as studies of health services utilization within the VA. The
majority of his research has been focused on understanding and enhancing rehabilitation
interventions designed to help veterans with comorbid substance abuse and psychiatric disorders
return to full lives in the community. He has conducted a range of studies examining existing VA
vocational rehabilitation services, how they are used by veterans, what factors predict their
success or failure, and how their outcomes can be enhanced. His research includes studies of
contingency management interventions designed to enhance vocational rehabilitation and
transitional housing programs, studies of motivational interviewing interventions designed to
enhance vocational rehabilitation, studies of a supported self-employment treatment model, and
studies of a harm reduction intervention for problem gambling. He has also examined the role of
families and social support in health care utilization, including studies of family supports and
problem recognition, treatment entry, and treatment outcome. He has published over 50 articles,
including a book for family members of adults with problem gambling, and several chapters on
psychiatric interventions. His most current research work includes studies of supported
employment for veterans with post traumatic stress disorder, examination of peer support and
peer provided supported education, new contingency management applications, and pathways-
to-care studies of common VA rehabilitation interventions.

Alan 1. Faden, M.D. received his medical degree from the University of Chicago and neurology
training at the University of California at San Francisco. He is the David S. Brown Professor in
Trauma, and professor of anesthesiology, anatomy & neurobiology, neurosurgery and neurology
at the University of Maryland School of Medicine. He also serves as director of the Shock,
Trauma and Anesthesiology Research Organized Research Center and the Charles “McC”
Matthias National Study Center for Trauma and Emergency Medical Systems at the University
of Maryland, Baltimore. In addition to providing oversight for clinical research related to trauma
and critical care, Dr. Faden directs an active preclinical research program in neurotrauma,
supported by multiple grants from the National Institutes of Health. He has published 325 peer-
reviewed papers. Dr. Faden was previously professor of neuroscience, neurology, and
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pharmacology at Georgetown University, where he served as dean for research and scientific
director of the medical center, associate dean for biomedical sciences for the graduate school,
and director of the Georgetown Institute for Cognitive and Computational Sciences. Prior to
Georgetown he was professor and vice chair of neurology at the University of California, San
Francisco, where he also held positions as chief of neurology at the San Francisco Veterans
Administration Medical Center and director of the Center for Neural Injury. Dr. Faden is editor-
in-chief of Neurotherapeutics. He served as president of the American Society for Experimental
NeuroTherapeutics, inaugural president of the National Neurotrauma Society and as president of
the San Francisco Neurological Society.

Robert Fraser, Ph.D. is a professor in the University of Washington’s Department of
Rehabilitation Medicine, joint with the Departments of Neurological Surgery and Neurology and
a consultant with Associates in Rehabilitation and Neuropsychology, Seattle, WA. He was
recently appointed to the U.S. Social Security Administration to advise on the revision to the
disability eligibility process. He is an active counseling and rehabilitation psychologist, a
certified rehabilitation counselor and a certified life care planner who directs neurological
vocational services within rehabilitation medicine. Within neurological rehabilitation, he has
specialized in epilepsy, brain injury, and multiple sclerosis. Dr. Fraser has received master’s
degrees in rehabilitation counseling (University of Southern California) and public
administration (Seattle University). His doctorate is in rehabilitation psychology from the
University of Wisconsin-Madison, with a dissertation focused on the use of task analysis in the
national classification and utilization of state agency vocational rehabilitation personnel.

Tamar Heller, Ph.D. is head of the Department of Disability and Human Development,
University of Illinois at Chicago and director of its University Center of Excellence in
Developmental Disabilities for the State of Illinois. She also directs the Rehabilitation Research
and Training Center on Aging with Developmental Disabilities: Lifespan Health and Function
and projects on family support and health promotion interventions for individuals with
disabilities. One of these projects is the Special Olympics Research Collaborating Center. She is
past president of the board of the Association of University Centers on Disabilities. In 2005 she
was Senator Obama’s delegate to the White House Conference on Aging. As a co-founder of the
national Sibling Leadership Network, she is a member of its executive board.

Richard Keefe, Ph.D. is professor of psychiatry and behavioral sciences at Duke University
Medical Center in Durham, North Carolina. He received his B.A. from Princeton University and
his Ph.D. in clinical psychology from New York University. His research is primarily devoted to
understanding cognitive dysfunction and its treatment in patients with schizophrenia and related
disorders, including those at high risk for schizophrenia. Dr. Keefe has had a leadership role for
cognitive methods in several large National Institute of Mental Health studies including the
Clinical Antipsychotic Trials in Intervention Effectiveness, Measurement and Treatment
Research to Improve Cognition in Schizophrenia, Treatment Units for Research on
Neurocognition and Schizophrenia, and Treatment and Evaluation Network for Trials in
Schizophrenia projects. He has published more than 150 scientific papers, and has authored two
books. He serves on the editorial boards of several journals, including Schizophrenia Research,
Schizophrenia Bulletin, and Clinical Innovations in Neuroscience, and is an associate editor of
Psychological Medicine. He is president-elect of the International Society for Central Nervous
System Clinical Trials and Methodology, and on the scientific board of National Alliance on
Mental Illness and the Brain and Behavior Research Foundation. He is the founder and chief
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executive officer of NeuroCog Trials, Inc. He is also a co-principal investigator and director of
the Neurocognitive Core for the Translational and Clinical Research Schizophrenia project at the
Institute of Mental Health in Singapore.

Mary R. T. Kennedy, Ph.D. is an associate professor in the Speech-Language-Hearing Science
Department at the University of Minnesota, Twin Cities. She has over 30 years of clinical and
research experience working with individuals with cognitive and communication disorders as a
result of traumatic brain injury (TBI). Dr. Kennedy has published and presented widely on these
topics in both peer reviewed scientific journals and publications aimed at translating evidence into
practice. Her research has been funded by grants on the executive functions, language, and
metacognition of survivors of TBI and the academic impact of these impairments. Her current
projects involve translating research evidence into practical assessment and instruction techniques
that support individuals with TBI they transition back to college. Dr. Kennedy chairs the Academy
of Neurological Communication Disorders & Sciences committee that systematically reviews
research evidence and develops practice guidelines on managing cognitive and communication
disorders after TBI.

Harvey Levin, Ph.D. is professor at the Baylor College of Medicine, in the Departments of
Physical Medicine and Rehabilitation, Pediatrics, Neurosurgery, and Psychiatry and Behavioral
Sciences. Dr. Levin is also director of the Center of Excellence for Traumatic Brain Injury at the
Michael E. De Bakey Veterans Affairs Medical Center in Houston, Texas. He obtained his M. A.
in clinical psychology and Ph.D. in clinical psychology/neuropsychology at the University of
Iowa in 1972. Following his graduate work, he interned at the Illinois Masonic Medical Center in
Chicago, as well as the University of lowa Hospital in lowa City where he completed a
postdoctoral fellowship in clinical neuropsychology. He is board certified in clinical
neuropsychology, and is a Texas licensed psychologist. His sub-specialty is neuropsychology,
and his clinical interests are in brain injury, epilepsy, and stroke. He conducts research at Baylor
College in cognitive neuropsychology.

Cynthia D. Mulrow, M.D. (IOM) is clinical professor of medicine at the University of Texas
Health Science Center at San Antonio and senior deputy editor of the Annals of Internal
Medicine. Dr. Mulrow’s expertise is in clinical methodology, information synthesis, and clinical
guidelines. She is a member of the American Society for Clinical Investigation and the Institute
of Medicine (IOM) and currently serves on the IOM Board on Health Care Services. She was
previously director of the San Antonio Veterans Administration Cochrane Center, program
director of the Robert Wood Johnson Foundation’s Generalists Physician Scholars Program and
director of the San Antonio Evidence-based Practice Center. Dr. Mulrow has served on several
editorial boards, including the British Medical Journal and the American Journal of Medicine
She was a member of the U.S. Preventive Services Task Force and has served on guideline
development panels for the RAND Corporation and U.S. Agency for Healthcare Research and
Quality. She currently participates in multiple groups that develop reporting standards for
medical research including the Consolidated Standards of Reporting Trials Group (reporting
standards for trials), the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Group (reporting standards for systematic reviews), and the Strengthening the Reporting of
Observational Studies in Epidemiology Group (reporting standards for observational studies).

Hilaire Thompson, Ph.D., R.N., FAAN is an assistant professor in the School of Nursing at the
University of Washington and a core faculty of the Harborview Injury Prevention and Research
Center. Dr. Thompson’s research has focused on improving outcomes from traumatic brain
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injury (TBI). In particular, her efforts have focused on understanding and improving the delivery
of health care services to persons with TBI and the use of translational approaches to manage and
reduce symptoms following injury. She currently serves as the Clinical Practice Guideline Series
editor for the American Association of Neuroscience Nurses. Dr. Thompson earned her Ph.D. in
nursing from the University of Pennsylvania in 2003, after completing her M.S. and Post-M.S.
Certificate in adult medical-surgical nursing and as an adult acute care nurse practitioner,
respectively from Virginia Commonwealth University. She also received her B.S.N. from
Catholic University of America in 1992 and an M.S. in clinical epidemiology from the
University of Washington in 2008.

John Whyte, M.D., Ph.D. is a physiatrist and experimental psychologist specializing in
traumatic brain injury rehabilitation. He was the founding director of the Moss Rehabilitation
Research Institute, begun in 1992, and continues in this position. His research focuses on
cognitive impairment and cognitive rehabilitation after brain injury as well as the special
methodologic challenges posed by rehabilitation research. Dr. Whyte has received research
funding from the National Institutes of Health (NIH), the National Institute on Disability and
Rehabilitation Research, the Department of the Army, and a number of private foundations. He
is the past president of the Association of Academic Physiatrists, former chair of the National
Center for Medical Rehabilitation Research’s Advisory Board, and past principal investigator
and program director (now associate program director) of the Rehabilitation Medicine Scientist
Training Program, a NIH-funded program to train physiatric researchers.

Consultants

Jennifer J. Vasterling, Ph.D. obtained her doctorate in psychology from Vanderbilt University
in 1988, subsequently completing pre- and post-doctoral training in clinical neuropsychology at
the Boston Veterans Affairs Medical Center. She currently serves as the chief of psychology at
the Veterans Administration (VA) Boston Healthcare System and as a clinical investigator within
the Behavioral Sciences Division of the VA National Center for Post Traumatic Stress Disorder.
Dr. Vasterling is a professor of psychiatry at Boston University School of Medicine and a
lecturer in psychiatry at Harvard Medical School. Prior to her current positions, Dr. Vasterling
served as the associate director for research for the VA South Central (VISN 16) Mental, Illness,
Research, Education, and Clinical Center, staff psychologist at the New Orleans Veterans Affairs
Medical Center, and as a clinical professor of psychiatry and neurology at Tulane University
School of Medicine. Dr. Vasterling’s research has centered on furthering understanding of the
neurocognitive and emotional changes that accompany war-zone deployment and posttraumatic
stress responses. Her recent work includes leadership of the Neurocognition Deployment Health
Study, a prospective study examining short- and long-term neuropsychological and emotional
outcomes of military deployment to Iraq.

Barbara G. Vickrey, M.D., M.P.H. is professor and vice chair of the Department of Neurology
at the University of California, Los Angeles (UCLA), where she directs the Health Services
Research Program in Neurology. She is also associate director for research at the Greater Los
Angeles Veterans Administration Parkinson Disease Center and an affiliated investigator at the
RAND Corporation. Dr. Vickrey's research focuses on translating evidence from clinical trials
into routine medical practice and improved patient health outcomes. She led a multisite
randomized trial that demonstrated substantially improved quality and better patient and
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caregiver outcomes from a coordinated care approach to dementia care delivery. Her research
has led to enhanced clinical trials for epilepsy and multiple sclerosis by developing widely-used
instruments to quantify how these patients view their health-related quality of life. Currently, Dr.
Vickrey leads an American Heart Association Outcomes Research Center investigating methods
to address racial and ethnic disparities in stroke and training post-doctoral fellows in this field of
investigation. She received her M.D. from Duke University School of Medicine, and her M.P.H.
from UCLA School of Public Health. In 1998, she received the Alice S. Hersh Young
Investigator Award from AcademyHealth.

Institute of Medicine Staff

Rebecca N. Koehler, Ph.D. is a program officer and study director at the Institute of Medicine
of the National Academies. She most recently worked as a postdoctoral fellow from 2007-2010
at the U.S. Military Human Immunodeficiency Virus (HIV) Research Program, where she
initiated and carried out research projects exploring human genetic factors influencing HIV
infection and clinical disease course. These studies were influential in uncovering specific alleles
contributing to protection from HIV in East African populations. Dr. Koehler earned her Ph.D. at
Georgetown University in biology, with a concentration in molecular and cellular biology. Her
doctoral work focused on the transcriptional regulation of the ADE genes in the genetic model
system yeast. Prior to graduate school Dr. Koehler participated in the Jesuit Volunteer Corps for
one year in Los Angeles, serving as a case manager at the Saint Joseph Homeless Service Center.
She is a graduate of the University of Notre Dame with a bachelor of science in biology and a
minor in art history.

Erin E. Wilhelm, M.P.H. is an associate program officer at the Institute of Medicine (IOM) of
the National Academies, with the Board on the Health of Select Populations. Previously, Ms.
Wilhelm served as the research associate on two studies evaluating disability criteria, related to
cardiovascular diseases and HIV/AIDS. In October 2010, she coordinated a three-day workshop
for TRICARE at the IOM, bringing together experts on quality management systems and scopes
of practice for behavioral health professionals in the Military Health System. Prior to joining the
IOM in 2009, Ms. Wilhelm served as a guest researcher at Fogarty International Center of the
National Institutes of Health (NIH), where she contributed to a literature review and portfolio
analysis for the Trans-NIH Working Group on Climate Change and Health. Among other roles,
she has also served as a publications editor for the Corporate Executive Board, a best practice
research firm in Washington, D.C., and a staff writer for the St. Petersburg Times in Tampa,
Florida. Ms. Wilhelm holds a Master of Public Health in global health from The George
Washington University and a dual Bachelor of Arts in broadcast journalism and political science
from the University of South Florida.

Alicia Jaramillo-Underwood was a program assistant at the Institute of Medicine (IOM) until
August 2011 when she joined the National Academies’ Division of Behavioral and Social
Sciences and Education. Prior to joining the IOM, she graduated from Georgetown University in
May 2010 with a B.A. degree in psychology. In the interim from graduation and joining the staff,
Alicia spent six months in Heidelberg, Germany, as a volunteer with the American Red Cross.
From 2009-2010 Alicia was a research assistant at Georgetown University’s Department of
Psychology, conducting interviews for a cross-cultural study on emotions. In the summers of
2007 and 2008, she volunteered at the American Red Cross as an instructor, as well as in the
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pharmacy at Prince William County Hospital, in Manassas, Virginia. Alicia has taught English,
traveled to Tamaulipas, Mexico, on a medical mission, and has volunteered in other capacities as
well, including briefly for the neurosurgery department at Georgetown University Hospital.

Jon Q. Sanders is a veteran program associate with the Board on the Health of Select
Populations at the Institute of Medicine (IOM). He received his B.A. degree in anthropology
with a minor in geosciences from Trinity University and recently completed the program
management certification at George Mason University. In his 10 years with the National
Academies Mr. Sanders has worked on a variety of projects on topics ranging from childhood
obesity to national security, and most recently on an award-winning project on lesbian, gay,
bisexual and transgender health. He is coauthor of Sitting Down at the Table: Mediation and
Resolution of Water Conflicts (2001). His research interests include public health, emergency
management, and environmental decision making.

Frederick (Rick) Erdtmann, M.D., M.P.H. is currently director of the Board on the Health of
Select Populations and the Medical Follow-Up Agency at the Institute of Medicine (IOM). Prior
to joining the IOM he was a career military physician in the U.S. Army. While in the military, he
served as chief of several large departments of preventive medicine at U.S. installations at home
and overseas. He also was commander of the military community hospital at Ft. Carson,
Colorado, and later served as hospital commander for the Walter Reed Army Medical Center. He
had several assignments at the Army Surgeon General’s Office, working on military health care
policies. He received his undergraduate degree from Bucknell University and an M.P.H. from the
University of California, Berkeley. He is a graduate of Temple University Medical School and is
board certified in the specialty of preventive medicine.
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