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v

 Traumatic brain injury (TBI) is a frequent occurrence affecting approxi-
mately 1.7 million persons per year in the United States. Some authors believe 
that true rates of injury are much higher as persons sustaining mild injuries 
may not seek medical care and thus may not be captured by surveillance 
 systems. The recent wars in Afghanistan and Iraq have increased interest in 
TBI diagnosis and treatment due to media reports focusing on TBI in veterans 
and active duty service members. 

 TBI can cause a wide range of impairments of motor strength, coordina-
tion, and balance as well as sensory defi cits in all domains. However, exten-
sive research shows that long-term outcomes for persons with TBI are largely 
determined by cognitive impairment and neurobehavioral disturbances. 
Cognitive impairments are seen primarily in memory, speed of cognitive 
 processing, and integrative functions (executive skills). Neurobehavioral 
sequelae of TBI can range from agitation, irritability, impulsivity, depression, 
and anxiety to more subtle impairments in self-awareness and social com-
munication. These latter diffi culties may be perceived as volitional by family 
and close others and even by healthcare providers so that persons with injury 
may be blamed and even shunned for defi cits caused by the injuries they have 
sustained. For these reasons, particularly in the post-acute period, neuropsy-
chologists and other behavioral health and cognitive care providers are well 
positioned to assess and intervene on key defi cits caused by TBI and to 
improve outcomes for persons with TBI. 

 The  Handbook on the Neuropsychology of Traumatic Brain Injury  is the 
second volume in the  Clinical Handbooks in Neuropsychology  series edited 
by William B. Barr following the  Handbook on the Neuropsychology of 
Aging and Dementia  edited by Lisa D. Ravdin and Heather L. Katzen. As for 
the earlier volume, chapter authors were selected based on their knowledge of 
the current scientifi c literature on TBI as well as their extensive clinical expe-
rience in providing services to persons with TBI. In keeping with the overall 
purpose of the series, the chapters in this volume are aimed toward providing 
practical, clinically useful information for neuropsychologists working with 
persons with TBI. Most chapters contain clinical case examples to illustrate 
the points made by the authors and, hopefully, to facilitate reader assimilation 
and implementation of materials presented. The book may also serve as a 
useful tool for neuropsychology graduate students and fellows in training. 

  Pref ace     
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 The initial section of the book provides a foundation of knowledge on 
epidemiology and expected outcomes for persons with TBI. The second sec-
tion focuses on assessment. The adaptation of familiar neuropsychological 
assessment for persons with TBI is described, and there is also extensive 
discussion of brief assessments that can be used with persons early in 
 recovery. Commonly used outcome measures of global functioning, supervi-
sion needs, and community participation are reviewed. Finally, there is a 
detailed description of neuroimaging techniques with illustration of common 
fi ndings in persons with TBI. 

 Most of the volume focuses on interventions that are often provided by 
and/or directed by neuropsychologists. Potential targets of intervention range 
from disorders of consciousness to cognitive impairments to emotional dis-
tress. Interventions targeted to family/close others of persons with TBI are 
discussed as well as comprehensive post-acute problems that integrate a wide 
range of interventions in a multidisciplinary setting. 

 The fourth section addresses special issues seen in child and older adults 
with TBI. The fi nal section tackles the complex issue of mild TBI. Diagnosis 
and prediction of clinical outcomes for persons with mild TBI is one of the 
most controversial areas in current neuropsychological practice. While 
group studies of consecutive series of civilian cases reveal excellent overall 
outcomes, a number of investigators have identifi ed subgroups that appear 
to have greater than expected residual effects of injuries. The causes for 
long- term residua remain elusive. Ever more sophisticated imaging, elec-
trophysiological, and proteomic studies reveal markers that are associated 
with the occurrence of mild TBI and, in some cases, with residual symp-
toms. Still other studies fi nd no association of injury characteristics with 
residual symptoms focusing instead on pre-injury adjustment. Concern for 
our returning troops and veterans has only added to the confusion. These 
three chapters from leading experts in the fi eld will add some clarity for 
readers and inform reasonable practices for assessment and treatment of 
persons with mild TBI. 

 The editors wish to thank TIRR Memorial Hermann and, especially, 
their co-investigators and staff from the Brain Injury Research Center for 
tremendous support and commitment to our decades’ long research pro-
grams on persons with TBI. Several Brain Injury Research Center investi-
gators served as authors for chapters in this volume. We also wish to thank 
the Physical Medicine and Rehabilitation Medicine Departments of Baylor 
College of Medicine and the University of Texas Medical School at 
Houston that have served as our academic homes and provided the physi-
cians who have cared for many of our study participants and served as 
co-investigators on many of our studies. Our research programs over the 
years have been primarily funded by the National Institute on Disability 
and Rehabilitation Research (NIDRR) of the United States Department of 
Education. Our work included in this book, as well as the work of many of 
the other authors, was funded largely by NIDRR. 

 We both wish to thank our own families (MS—Connie, Jonathan, Mallory; 
AMS—Paul, Julian, Miranda) for putting up with late hours and trips to con-
ferences and grant meetings. Most importantly, we wish to thank thousands 
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of persons with TBI and their families/close others who have donated their 
time and efforts to our research programs for more than 20 years. We hope 
that their efforts have been rewarded by the knowledge that research in which 
they participated has led to new approaches to assessment and intervention 
that have benefi ted many persons with TBI.  

    Houston, TX, USA Mark     Sherer   
   Angelle     M.     Sander    
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    Abstract  

  Traumatic brain injury (TBI) is a leading cause of death and disability in 
the United States. The most recent statistics from the Centers for Disease 
Control and Prevention document that an estimated 1.7 million people 
sustain a TBI annually. Nearly 80 % of these individuals will be treated in 
the ER and released, and a signifi cant majority of these injuries are esti-
mated to be of mild severity. Falls and motor vehicle accidents are the two 
most common causes of injury with males showing greater rates of TBI 
than females. Additional risk factors for TBI include age, socioeconomic 
status, race/ethnicity, and previous injury history. TBI results in signifi cant 
economic burden to the individual and society and can have long-lasting 
and devastating effects on an individual’s ability to return to family, social, 
and occupational roles. This chapter will review the epidemiology and 
societal impact of TBI with particular focus on the epidemiology of TBI 
in the general population, in the military, and in sports- related events.  

  Keywords  

  Incidence   •   Prevalence   •   Epidemiology   •   Military TBI   •   Sports concussion   • 
  Prevention   •   Risk factors  

        T.   Roebuck-Spencer ,  Ph.D., ABPP-Cn      (*) 
  Jefferson Neurobehavioral Group ,   Metairie ,  LA ,  USA    

  University of Oklahoma ,   Norman ,  OK ,  USA   
 e-mail: tresa_roebuck@hotmail.com   

    A.   Cernich ,  Ph.D., ABPP    
  Defense Centers of Excellence for Psychological 
Health and Traumatic Brain Injury , 
  Washington ,  DC ,  USA    

  University of Maryland School of Medicine , 
  Baltimore ,  MD ,  USA    

      Epidemiology and Societal Impact 
of Traumatic Brain Injury 

           Tresa     Roebuck-Spencer       and     Alison     Cernich    

     Traumatic Brain Injury (TBI) describes an 
acquired injury to the brain from an external 
source that results in some alteration of cognitive 
or behavioral functioning. These effects may be 
transient, long-lasting, or permanent depending 
on injury specifi cs and severity. TBI is a leading 
cause of death and disability affecting persons of 
all ages, sexes, races/ethnicities, and incomes [ 1 ]. 
Understanding the epidemiology of TBI is essen-
tial for the development, implementation, and 
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evaluation of programs and policies to reduce 
and prevent TBI-related deaths and disability [ 1 ]. 
Such population-based statistics are also invalu-
able to health practitioners treating TBI by pro-
viding a context within which to understand the 
scope of the problem and allowing for apprecia-
tion of which individuals or groups are at greatest 
risk for TBI. This chapter will fi rst review the 
defi nition and injury classifi cation systems of 
TBI. Next, this chapter will discuss the incidence 
of TBI with a focus on how incidence is affected 
by age, sex, injury mechanism, and other risk fac-
tors. Sports-related concussion and TBI in the 
military will be discussed separately as these 
groups are not well represented in traditional epi-
demiology studies. This chapter will end with 
discussion of the prevalence, economic burden, 
and societal impact of TBI. 

    Defi nition of Traumatic Brain Injury 

 TBI is caused by a sudden external event leading 
to compromised brain functioning that is not 
caused by a neurodegenerative or congenital/neu-
rodevelopmental condition. Compromise or 
injury to the brain is typically defi ned as a mani-
festation of some alteration in consciousness 
which ranges from feeling dazed and confused to 
loss of consciousness/responsiveness, as in coma. 

 There are several formal defi nitions of TBI. 
Because much of the incidence data presented in this 
chapter comes from surveillance studies conducted 
by the Centers for Disease Control and Prevention 
(CDC), that defi nition will be highlighted here. The 
CDC defi nes TBI as “an occurrence of injury to the 
head that is documented in a medical record with 
one of the following conditions attributed to head 
injury: (1) observed or self-reported decreased level 
of consciousness, (2) amnesia, (3) skull fracture, or 
(4) objective neurological or neuropsychological 
abnormality or diagnosed intracranial lesion” [ 2 ]. 
Although skull fracture is included as evidence of 
TBI, skull fracture alone does not always result in 
direct injury to the brain [ 3 ]. 

 More recently, in 2009, the Department of 
Veterans Affairs and Department of Defense 
(VA/DoD) [ 4 ] have proposed a new defi nition 

that addresses issues specifi c to TBI among ser-
vice members, veterans, and civilians. The VA/
DoD defi nes TBI as “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, immedi-
ately following the event:”
•    Any period of loss of or decreased level of 

consciousness  
•   Any loss of memory for events immediately 

before or after the injury  
•   Any alteration in mental state at the time of the 

injury (confusion, disorientation, slowed 
thinking, etc.)  

•   Neurological defi cits (weakness, loss of bal-
ance, change in vision, praxis, paresis/plegia, 
sensory loss, aphasia, etc.) that may or may not 
be transient  

•   Intracranial lesion.    
 This defi nition further specifi es that external 

forces may include the head being struck by an 
object, the head striking an object, the brain expe-
riencing acceleration/deceleration movement 
without external trauma to the head, a foreign 
body penetrating the brain, or forces generated 
from events such as a blast or explosion. 

 The severity of TBI is typically conceptual-
ized as ranging from mild to moderate to severe. 
Mild TBI (mTBI) has been specifi cally defi ned 
by various groups, with the most commonly ref-
erenced defi nition coming from the American 
Congress of Rehabilitation Medicine (ACRM). 
ACRM [ 5 ] defi nes mTBI as a physiological dis-
ruption of brain function as a result of a traumatic 
event manifested by at least one of the following: 
alteration of mental status; loss of consciousness 
(LOC); or loss of memory or focal neurological 
defi cit, that may or may not be transient where 
injury severity is defi ned as mild when the fol-
lowing conditions are met:
•    Posttraumatic amnesia (PTA) is less than or 

equal to 24 h  
•   Glasgow Coma Scale (GCS) score obtained 

30 min or more post-injury is greater than 12  
•   LOC is less than 30 min    

 Other groups, including the CDC and the World 
Health Organization [ 6 ,  7 ], also have provided 
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defi nitions of mTBI. These defi nitions have in 
common that GCS scores must be at least 13, LOC 
and PTA are brief, and there are no abnormal fi nd-
ings on neuroimaging studies.  

    Classifi cation of Injury Severity 

 Initial presentation of TBI varies greatly across 
individuals. This presentation has signifi cant 
implications for later outcome, and, thus, clas-
sifi cation of injury severity is an important indi-
cator for prediction of immediate and long-term 
outcome. TBI severity is best understood as fall-
ing on a continuum from mild to severe and is 
typically defi ned by acute injury characteristics 
such as level or duration of impaired conscious-
ness. Classifi cation of injury severity should not 
be confused with ultimate outcome at later time- 
points in the recovery course. Most commonly, 
injury severity is determined by GCS scores 
assessed at or very near the time of injury. The 
GCS provides a measure of depth of uncon-
sciousness and ranks an individual’s responsive-
ness to stimuli in the following areas: eye 
opening, verbalization, and motor response [ 8 ]. 
GCS scores range from 3 to 15, with 3 indicat-
ing no responsiveness and 15 indicating full and 
appropriate responsiveness in all measured 
areas. Typically, individuals with an initial GCS 
of 8 or less are categorized as having a severe 
TBI, individuals with a GCS of 9–12 are catego-
rized as having a moderate TBI, and individuals 
with a GCS of 13 or better are categorized as 
having had a mTBI [ 9 – 11 ]. Individuals with a 
mTBI who also show positive fi ndings on neu-
roimaging (such as a subdural hematoma, etc.) 
are often categorized as having a complicated 
mTBI and more often demonstrate longer-term 
outcomes similar to individuals with moderate 
TBI [ 3 ,  12 ]. 

 TBI severity can also be determined by the 
duration of impaired consciousness or the length 
of time it takes a person to return to a conscious 
or responsive state. While studies defi ne dura-
tion of impaired consciousness in different 
ways, it is most often defi ned as the length of 
time between injury and the point at which an 

individual reliably and consistently follows 
commands over two distinct consecutive time 
points. Terms used to defi ne this transition 
include time to follow commands, duration of 
unconsciousness, coma duration, and length of 
coma. While these terms are often used inter-
changeably, one should be careful to note pos-
sible subtle distinctions in how these terms are 
defi ned across individual studies. Although 
there are no commonly agreed upon classifi ca-
tion schemes for time to follow commands, a 
classifi cation scheme reported by Lezak and 
colleagues [ 13 ,  14 ] classifi ed an interval of 
≤20 min coma duration as a mild injury, an 
interval of >20 min and ≤6 h as a moderate 
injury, and >6 h as a severe injury. 

 Similarly, the duration of confusion, most 
commonly defi ned by duration of PTA, has been 
used to determine injury severity. PTA refers to 
the phase of recovery following TBI during 
which the patient is alert and responsive, but is 
acutely confused and disoriented, with very poor 
attention and poor ability to retain new memo-
ries [ 15 ,  16 ]. Duration of PTA can be assessed 
retrospectively by waiting until the patient is no 
longer confused and asking him/her to report the 
fi rst memory that he/she can recall following 
brain injury [ 17 ]. More commonly, duration of 
PTA is determined prospectively by serial 
assessment of the patient’s attention and disori-
entation, using measures such as the Galveston 
Orientation and Amnesia Scale (GOAT) [ 18 ] or 
the Orientation Log [ 19 ]. The earliest and most 
commonly cited criteria to determine injury 
severity using PTA [ 20 ] classifi es patients with 
PTA <1 h as having had slight concussion, 
patients with PTA of one to 24 h as having had 
moderate concussion, patients with PTA of 1–7 
days as having had severe concussion, and 
patients with PTA of greater than 7 days as hav-
ing had very severe concussion. However, it is 
not uncommon for patients in rehabilitation 
 settings to have PTA durations well beyond 1 
week post-injury. Thus, this classifi cation sys-
tem reaches ceiling levels for patients at the 
more severe end of the severity spectrum, resulting 
in great variability of outcome for these individ-
uals and decreased prognostic value of this 
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 classifi cation scheme. Several studies have 
 provided newer classifi cation systems for PTA 
duration that provide better prediction of later 
functional outcome. For instance, Walker and 
colleagues [ 21 ] found that PTA durations of 4 
and 8 weeks were better threshold points in pre-
dicting functional outcome. Likewise, a new 
Mississippi PTA classifi cation scheme examined 
and validated by Nakase- Richardson and col-
leagues [ 22 ,  23 ] shows improved prediction of 
later outcome compared with the original Russell 
classifi cation system. See Table  1  for summary 
of injury classifi cation schemes.

   While all of these injury indicators are good 
predictors of later outcome, each has strengths 
and weaknesses. GCS scores are a good indica-
tor of initial mortality and morbidity and can be 
obtained immediately after injury [ 24 ]. 
However, particularly if assessed too early fol-
lowing injury, GCS scores may overestimate 
injury severity in individuals with alcohol or 
other substance intoxication and are limited by 
early treatment, such as intubation or medical 
sedation, or in patients who are aphasic or have 
facial injuries that limit eye opening or verbal-
ization. Likewise, GCS scores may underesti-
mate injury severity in individuals who present 
with good alertness early on, but later show neu-
rological deterioration, as in a rapidly develop-
ing subdural or epidural hematoma. Although 
time to follow commands takes into account 
early complications, it too can be affected by 
early sedation and the patient has to be moni-
tored closely for an extended period of time to 
obtain this information. 

 The primary disadvantages of using time to 
follow commands and duration of PTA as injury 
severity indicators are that they are not immediately 

available for early prediction of outcome, there 
is no commonly agreed upon classifi cation 
scheme, they often require close and extended 
patient monitoring, and this information is 
often not well documented in medical records. 
However, both time to follow commands and 
duration of PTA are generally good predictors 
of short- and long-term functional outcomes, 
such as return to work and ability to live inde-
pendently [ 25 – 30 ]. 

 The prognostic ability of injury severity indi-
cators is limited for several reasons. While early 
injury indicators are good predictors of outcome 
for moderate to severe TBI, they are less useful 
in prediction of outcome for mTBI given that 
they lack variability and reach ceiling levels at 
the mild end of the TBI spectrum. Additionally, 
the type and severity of behavioral and func-
tional outcomes can be dramatically different 
across individuals who were initially classifi ed 
within the same level of severity, regardless of 
which severity indices are used. For instance, an 
individual with an initial GCS of 5 may have 
good motor recovery but severe cognitive impair-
ment while another may have residual hemipare-
sis and spasticity, which can be more disabling 
than  cognitive impairment alone. Finally, classi-
fi cation of injury severity using different indica-
tors in the same patient is not always consistent. 
For instance, a study by Sherer and colleagues 
[ 31 ] revealed that individuals with TBI whose 
injury severity was classifi ed by GCS scores 
were more likely to be classifi ed with a severe 
TBI than when severity of the same injury was 
classifi ed by time to follow commands or dura-
tion of PTA. For this reason, caution is needed 
when interpreting or comparing studies that use 
different classifi cation methods to assign injury 

   Table 1    Classifi cation of injury severity   

 Indicator  Mild  Moderate  Moderate severe  Severe  Very severe 

 Glasgow coma scale (GCS) [ 9 – 11 ]  13–15  9–12  6–8  3–5 
 Time to follow commands [ 13 ,  14 ]  ≤20 min  ≤ 6 h  > 6 h 
 Russell posttraumatic amnesia 
(PTA) [ 20 ] 

 <1 h  1–24 h  1–7 days  >7 days 

 Mississippi PTA classifi cation 
scheme [ 22 ,  23 ] 

 0–14 days  15–28 days  29–70 days  >70 days 
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severity, and one should not assume that different 
injury severity indicators will be consistent 
within a given individual.  

    Incidence of TBI 

 In its most recent report on TBI in the United 
States spanning the years 2002–2006, the CDC 
reported that an estimated 1,691,481 people 
(576.8 per 1,000,000) sustain a TBI annually 
[ 32 ]. Of this number, 1,364,797 (465.4 per 
100,000), or nearly 80 %, are treated in the emer-
gency department (ED) and released. 275,146 
(93.8 per 100,000) individuals sustaining a TBI 
are hospitalized annually. It is further estimated 
that 51,538 (17.6 per 100,000) individuals sus-
taining a TBI annually die, and that TBI is a con-
tributing factor in a third (30.5 %) of all 
injury-related deaths. These mortality rates are 
highly consistent with estimates in a separate 
report from the CDC spanning the years 1997–
2007 [ 1 ], which report an annual average death 
rate from TBI of 53,014. Comparison of rates 
over time revealed increases in the incidence of 
TBI-related ED visits and hospitalizations [ 32 , 
 33 ] particularly in children and older adults [ 32 ]. 
These increases were likely related to increases 
in the population over that time period and 
increases in falls, but may also represent an 
increased public awareness of TBI. TBI-related 
deaths decreased as much as 8.2 % over time [ 1 , 
 32 ,  33 ], which may be related to increased pre-
ventive measures such as seat belt and helmet use 
[ 34 ,  35 ] and better overall treatment for severe 
TBI [ 36 ]. Incidence of new-onset disability from 
TBI annually has been estimated to be 80,000–
90,000 new cases annually [ 37 ]. A more recent 
projected estimate indicated that incidence of 
new onset disability may actually be higher, at 
the rate of over 124,626 new cases per year or 
43.3 % of all hospitalized TBI survivors [ 38 ]. 

 Incidence rates of TBI vary widely across 
studies due to methodological differences. A 
review by Kraus and Chu [ 39 ] demonstrated that 
the incidence of TBI ranged from 92 cases per 
100,000 persons to 618 per 100,000, with an 
average rate of fatal plus nonfatal hospitalized 

brain injuries estimated at 150 per 100,000 
 persons per year. Populations sampled from and 
case defi nitions of TBI differ across studies lead-
ing to variability in results. For instance, a recent 
study by Leibson et al. [ 40 ] found higher inci-
dence rates (558 per 100,000) using record-
review criteria to determine TBI, compared with 
incidence rates determined by CDC criteria (341 
per 100,000). This study demonstrated that the 
CDC approach may signifi cantly underestimate 
the true incidence of TBI, as it only included 40 % 
of cases identifi ed by record review. Although 
75 % of these missing cases presented to the emer-
gency department, they were missing the neces-
sary CDC-specifi ed code to be counted as a TBI. 
Of these, 66 % were symptomatic for TBI. 

 Due to diffi culties with consistent data coding 
across available databases, the newest incidence 
rates from the CDC did not address injury sever-
ity. However, earlier CDC estimates from the 
year 2000 documented that, of patients hospital-
ized due to TBI, over 50 % had mild injuries, 
21 % had moderate injuries and 19 % had severe 
injuries, resulting in approximately 102,500 
moderate and severe TBIs per year [ 41 ]. These 
rates do not include patients who died prior to 
hospitalization. More recently, a Congressional 
report from the CDC Working Group on mTBI in 
2003 estimated that mTBI makes up 75 % of the 
TBIs in the United States each year [ 6 ]. 

 Overall incidence rates of TBI reported by the 
CDC likely underestimate the true incidence of 
TBI, and even more so the rates of mTBI, given 
that these estimates do not include individuals 
either treated in outpatient settings or who do not 
present for treatment at all [ 1 ]. Estimates suggest 
that up to one fourth of all persons who sustain a 
TBI do not seek medical care [ 42 ]. It is also pos-
sible that individuals may be treated and dis-
charged in the ER without adequate appreciation 
and documentation of a mTBI injury that 
occurred in conjunction with other more life- 
threatening injuries. This possibility is illustrated 
in a study by Powell and colleagues [ 43 ] that 
found 56 % of individuals prospectively identi-
fi ed to have a mTBI using a brief scripted inter-
view and medical chart review did not have a 
mTBI diagnosis in their medical record and 
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would have been missed by retrospective medical 
record review. Additionally, the most recent CDC 
data do not include military personnel who sus-
tained a TBI abroad or who received care for TBI 
in federal, military, or Veteran Administration 
hospitals [ 32 ]. Given the high impact of TBI in 
the military, the epidemiology of TBI in military 
populations will be presented and discussed in 
detail later in this chapter. Individuals who sus-
tain injuries as a result of sports accidents often 
experience injuries on the milder end of the spec-
trum and are most often treated in outpatient set-
tings or do not seek medical treatment at all due 
to rapidly recovering symptoms. Because these 
individuals are typically not well-represented in 
hospital-based studies of incidence, TBI due to 
sports-related accidents will also be presented 
and discussed separately. 

 The leading causes of TBI in the US civilian 
population are falls (35.2 %) followed by motor 
vehicle-related injuries (17.3 %), a strike or blow 
to the head from or against objects (16.5 %), 
assaults (10 %), and other or unknown causes 
(21 %) [ 32 ]. Falls are the most common cause of 
TBI with an estimated number of 595,095 fall- 
related TBIs annually. Fall-related TBIs are great-
est at the extremes of the life span, with the highest 

rates seen in children less than four and in adults 
over 75 years of age. In contrast, motor vehicle-
related injuries are the leading cause of TBIs in 
late adolescence (ages 15–19) and early adulthood 
(ages 20–24). Assault-related TBIs are also highly 
represented in the 20–24 year age group [ 32 ,  33 , 
 44 ]. See Fig.  1  for changes in rates of injury mech-
anism across age. Death from TBI is most com-
monly a result of fi rearms (34.8 %) particularly in 
the age ranges of 15–34 and > 75 years, followed 
by motor-vehicle accidents (31.4 %) particularly 
in the age range of 15–24 years, and falls (16.7 %) 
particularly in the age group >75 years [ 1 ]. TBIs 
associated with falls (58.4 %) and fi rearm injuries 
(49.9 %) are most likely to be associated with 
long-term disability [ 38 ].

       Risk Factors 

 Although a brain injury can happen to anyone, 
some groups are at higher risk than others. Age is 
an important mediating factor with regard to TBI 
incidence, with the highest rates of TBI occurring 
in children under 4 years of age, in adolescents 
between the ages of 15 and 19, and in adults over 
65 [ 32 ]. Almost half a million emergency depart-
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  Fig. 1    Estimated average annual rates (per 100,000 pop-
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department visits, by age group and injury mechanism in 
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ment visits for TBI are made annually by children 
14 years of age and younger. On the other end of 
the life span, adults 75 years and older have the 
highest rates of TBI-related hospitalization and 
death. While rates of TBI deaths have been 
decreasing in younger persons (0–44 years), they 
have increased signifi cantly in persons ≥75 years 
[ 1 ]. See Fig.  2  for age trends in estimated annual 
TBI rates. There is also evidence that elderly indi-
viduals are at risk for worse outcome from TBI 
than younger individuals [ 45 ,  46 ] and probability 
of long-term disability as a result of TBI has been 
shown to increase with age [ 38 ]. When injury 
mechanism is considered, children and older 
adults are at highest risk for fall-related TBIs, and 
adolescents and young adults are at highest risk for 
TBIs as a result of motor vehicle accidents [ 32 ].

   Sex also represents a risk factor for TBI, with 
studies universally reporting higher rates of TBI 
in males than in females [ 32 ,  37 ,  42 ] at a ratio of 
approximately 1.6–2.8 [ 39 ]. Males account for 
approximately 59 % of all TBI cases in the United 
States and have higher rates of TBI than females 
in all age groups. The highest rates for all TBI- 
related emergency department visits, hospitaliza-
tions, and deaths combined are seen for males 
younger than 4 years of age [ 32 ]. Rates of injury 
peak in both males and females at both ends of 

the lifespan and in the adolescence. Although 
males continue to outnumber females, injury 
rates were most similar between males and 
females for the very young and at the later end of 
the age range when the most common mecha-
nism of injury was falls. Likewise, both males 
and females, with males outnumbering females, 
showed increased rates of injury between the 
ages of 15–19 years of age, when most TBIs are 
due to motor vehicle accidents [ 32 ]. See Fig.  3  
for rates of TBI ED visits in males and females 
across the lifespan. Higher rates of TBI in males 
may be explained by men being more frequently 
exposed to high-risk situations and motor vehicle 
accidents than women. Although probability of 
long-term disability following TBI was signifi -
cantly higher for females (49.5 % compared to 
39.9 %) [ 38 ], death rates from TBI are reported 
to be three times higher among males [ 1 ]. 
Additionally, fi rearm-related TBI suicides were 
higher among males than females for all race/eth-
nic and age groups [ 1 ].

   Risk for TBI appears to be mediated by socio-
economic status and racial/ethnic group. Studies 
document that average annual numbers of TBIs 
tend to be higher in families at the lowest income 
levels [ 42 ,  47 ,  48 ]. Minority racial/ethnic groups 
have been shown to sustain higher rates of TBI 
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[ 49 ,  50 ] and appear to be at higher risk for death 
following TBI [ 1 ]. For both sexes, American 
Indian/Alaska Natives (AI/AN) showed the high-
est annual average TBI-related death rates. The 
second-highest annual average rates of TBI- 
related deaths were seen in Blacks, and specifi -
cally in Black men. In contrast, Hispanics had the 
lowest rates of TBI deaths overall for both men 
and women [ 1 ]. When mechanism of injury was 
considered, rates of fi rearm-related suicides were 
particularly high among AI/AN men aged 15–34 
and among White men aged ≥65 years. Rates of 
fi rearm-related TBI homicides were also highest 
among Blacks between the ages of 15 and 34 [ 1 ]. 
AI/AN showed the highest annual average rate of 
motor vehicle-related TBI deaths and fall-related 
deaths followed by Whites in both categories. A 
separate surveillance study spanning the year 
1997 reported that Black and AI/AN men had the 
highest rates of TBI attributable to assault, at 
approximately four times the rates of White men 
[ 51 ]. In addition to being overrepresented in inci-
dence of TBI, minority racial/ethnic groups have 
also been reported to have poorer overall psycho-
social and functional outcome following TBI 
when compared with the majority group [ 52 ,  53 ]. 

 Additional risk factors for TBI are history of 
alcohol/substance use and history of prior TBIs. 

Specifi cally, alcohol consumption has been indi-
cated as a potential risk factor for brain injury, 
with positive associations seen between blood 
alcohol concentration (BAC) and risk of injury 
[ 54 ,  55 ]. In a 14-state CDC TBI surveillance sys-
tem, it was found that among those with TBI due 
to motor vehicle incidents, 21 % had documented 
alcohol use of any level and 12 % had BACs 
above the legal limit for intoxication. Among 
those with TBI due to assault, 41 % had docu-
mented alcohol use of any level and 23 % had 
BACs above the legal limit [ 51 ]. Prior brain 
injury poses a separate risk for TBI [ 56 ]. The risk 
of a second TBI for those with past injuries is 
approximately 2.8–3.0 times that of the general 
non-injured population with rates for a third 
injury given two prior injuries increasing to 7.8–
9.3 times above the general population [ 57 ]. A 
more recent study reported that 7 % of individu-
als hospitalized with a TBI had at least one recur-
rent TBI during the follow-up period [ 58 ].  

    Sports- and Recreation-Related TBI 

 TBIs related to sports and recreation activities are 
receiving more attention resulting in better moni-
toring and detection. These injuries are most 
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often mild in nature and are frequently referred to 
as sports-related concussion in the literature. 
Though mild in nature, these injuries are often 
graded by severity according to existing guide-
lines [ 59 ,  60 ]. Grading systems refl ect increasing 
severity of acute symptoms and alteration of con-
sciousness with Grade I injuries refl ecting brief 
symptom duration, short periods of confusion, 
and no LOC; Grade II injuries involving brief 
symptom duration, longer periods of confusion, 
and very brief or no LOC; and Grade III injuries 
representing longer duration of symptoms, long 
periods of confusion, and sustained periods of 
LOC (greater than 5 min). In recent years, con-
sensus bodies endorsed individualized assess-
ment of concussion severity, determined by 
measures of symptom recovery, rather than pro-
spective grading of injury according to acute 
characteristics [ 61 ,  62 ]. Often the term concus-
sion is preferred over mTBI because it is more 
commonly associated with expectations of tran-
sient symptoms and positive recovery [ 63 ]. The 
terms concussion and mTBI are synonymous and 
will be used interchangeably for the purposes of 
this chapter. 

 It is estimated that approximately 300,000 
sports-related injuries with LOC occur each 
year [ 64 ]. Estimates rise to between 1.6 and 3.8 
million per year when milder injuries without 
LOC and non-medically treated injuries are 
considered [ 33 ]. When taking into account both 
organized sports and recreational activities in 
younger populations, a recent analysis of data 
from the National Electronic Injury Surveillance 
System documented 173,285 individuals that 
were less than 19 years of age were assessed and 
treated in the emergency department for nonfa-
tal TBI from 2001 to 2009 [ 65 ]. This repre-
sented 6.5 % of all sports and recreation-related 
emergency department visits in this age group. 
Over the study period, the estimated number of 
TBIs that presented to the emergency depart-
ment increased by 62 %, with the rate of visits 
increasing 57 % from 190 per 100,000 persons 
to 298 per 100,000 [ 65 ]. Of interest, though the 
number of visits increased over the time period, 
the resultant rate of hospitalizations for TBI did 
not increase. Activities highly represented in the 

sample of injuries were bicycling, football, 
playground activities, basketball, and soccer. 
Activities with the greatest proportion of TBI 
injuries were, in order of risk, horseback riding 
(15.3 %), ice skating (11.4 %), golfi ng (11.0 %), 
all-terrain vehicle riding (10.6 %), and tobog-
ganing/sledding (10.2 %). TBI in younger chil-
dren was more highly associated with 
playground activities or bicycling. TBI in older 
children (10–19 years of age) was more likely to 
be associated with organized sports (football for 
boys; soccer or basketball for girls) or bicycling. 
Though rates of TBI increased over time, the 
authors of the study concluded that this was 
likely due to heightened awareness of TBI in 
sports and recreation, rather than increased risk 
or increased rates of participation in recreation 
or sports. 

 Recent prospective studies of organized sports 
at the high school level cite a concussion inci-
dence level of 0.24 per 1,000 athlete exposures 
[ 66 ]. Athlete exposure is defi ned as one athlete 
participating in one practice or competition dur-
ing which he or she is exposed to a possible ath-
letic injury. Overall prevalence of concussive 
injury as a percentage of total athletic injuries at 
the high school level is estimated to be 9 % [ 33 ]. 
Concussions at the high school level occur at a 
higher rate during competitive play than during 
practice [ 67 ]. Specifi c sports are notable for hav-
ing a higher risk for concussive injury including 
football, girls soccer, girls basketball, rugby, ice 
hockey, and lacrosse [ 67 ]. The primary cause of 
concussion in high school sports is contact with 
another player, followed by contact with the 
playing surface or equipment, followed by falls 
[ 66 – 69 ]. Though football represents the highest 
rate of injury (40.5 %) of all concussions at the 
high school level, studies including sports played 
by both sexes show that women athletes sustain a 
higher rate of concussions [ 66 ,  69 ]. In high 
school athletes, headache is the most prominent 
reported symptom (93.4 %) with amnesia noted 
in almost a quarter of reported concussions [ 70 ]. 
Gender differences have been noted in symptom 
presentation with male athletes reporting higher 
rates of confusion and amnesia and female ath-
letes reporting drowsiness and sensitivity to noise 
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[ 68 ,  70 ]. Of athletes that suffered a concussion 
during the reporting period, approximately 20 % 
had suffered a previous concussion [ 69 ]. 
Concussions represent a greater proportion of 
sports related injuries at the high school level but 
happen at a lower rate overall compared with col-
legiate sports. 

 Athletes at the high school level are now 
assessed and monitored by surveillance programs 
at a higher rate than in previous years [ 71 ]. 
Despite this heightened surveillance, return to 
play decisions are generally premature compared 
with available guidelines [ 60 ,  72 ]. A recent study 
found that male athletes were more likely to 
return to play 1–2 days after sustaining a grade II 
concussive injury (12.6 % vs. 5.9 %) and were 
more likely to return less than 1 day after a grade 
I injury (22 % vs. 0 %). Though it is not clear 
from the data why men return more quickly than 
women to competition or practice, there was no 
suggestion in the data presented that it was due to 
more severe injury in female athletes. This trend 
may refl ect a more cautious management of 
female athletes [ 71 ]. 

 There have been reports of death due to blunt 
trauma to the head in youth sports, but these 
events were rare [ 73 ]. Of 261 youth athletes 
whose deaths resulted from bodily trauma and 
vital organ damage during sports participation 
taken from a 30 year retrospective study, 12 deaths 
were due to boxing, 10 were due to helmet- to-
helmet blows in football, and 16 were due to head 
trauma in baseball. One hundred and thirty-eight 
football players were reported to have died sec-
ondary to a subdural hematoma during the study 
period. Of note, 12 % of those players had a previ-
ous concussion a few days to 4 weeks prior. 

 In collegiate sports, TBI trends are similar to 
high school with a slightly higher rate of injury 
overall. Football continues to have the highest 
rate of concussion in collegiate sports with a rate 
of 11.1 injuries per 1,000 athlete exposures [ 74 ]. 
Injuries were more likely during a game. Similar 
to the high school data, injuries were most likely 
to occur from helmet to helmet contact. Men’s 
collegiate hockey has a fairly high rate of practice 
(5.3 %) and game-related (9 %) concussive inju-
ries, with most concussions resulting from player 

contact (60.2 %) or from contact with the boards 
(26.3 %) [ 75 ]. Soccer at the college level demon-
strates the gender difference rates of concussion 
in similar sports [ 69 ]. Women’s soccer has a 
higher rate of concussive injury than men’s both 
for overall rates of injury as well as for severe 
injury (6 % in women’s vs. 3.9 % in men’s) [ 76 , 
 77 ]. In lacrosse women again lead men in rate of 
concussive injury overall (9.8 % of all injuries vs. 
8.6 % injuries) [ 78 ,  79 ]. Most often lacrosse inju-
ries are due to a stick to the head or contact with 
another player. Concussive injuries appear to 
have increased since 1995, mostly in men’s 
lacrosse [ 79 ]. This increase is speculated to be 
due to changes in helmet design that while 
increasing mobility and decreasing helmet weight 
may have decreased dissipation of impact forces 
to the head [ 79 ]. Risk for concussion was not as 
high in women’s fi eld hockey as other sports but 
continued to be higher during games, with con-
cussions representing 5.4 % of serious game inju-
ries [ 80 ]. Concussion rates increased among 
many of these sports across the study period, but 
this was generally thought to be due to increased 
awareness and monitoring, rather than increases 
in actual injury. 

 Women’s sports, such as gymnastics and cheer-
leading, are often overlooked as activities that may 
predispose the athlete to an injury. Rates of injury 
are relatively low in collegiate gymnastics (0.40 
per 1,000 athlete exposures during competition; 
0.14 per 1,000 athlete exposures during practice), 
with most of the injuries secondary to handstands 
or related moves [ 81 ]. For overall rates of injury in 
gymnastics, concussion represents only 1.7 % of 
injuries [ 82 ]. Concussion injury rates in cheerlead-
ing, as surveyed in high school, collegiate, and all 
star squads, were relatively similar to other wom-
en’s sports, with concussion representing 4 % of 
injuries experienced in cheerleading. Injury was 
most often incurred during partner stunts, pyra-
mids, or tumbling [ 83 ]. As cheerleading continues 
to include more gymnastics and partner stunts, and 
as participation rates increase, injury rates may 
continue to trend upward as they did in the most 
recent study of the sport. 

 In professional sports, data related to injury 
rates are not as widely available. The profes-
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sional sports organizations that have published 
reports on the incidence of brain injury are the 
National Football League (NFL), the National 
Hockey League (NHL), and the Federation 
Internationale de Football Association (FIFA). 
The NFL has published a series of articles exam-
ining concussion-related data and programs. The 
rate of concussive injuries during games was 
estimated as 0.41 per NFL game [ 84 ]. The cause 
of most concussions involved impact from 
another player’s helmet (67.7 %), followed by 
impact with other body regions of another player 
(20.9 %) and contact with the ground (11.4 %). 
The primary symptoms noted after injury were 
headache (55 %), dizziness (41.8 %), and blurred 
vision (16.3 %); LOC was noted in only a small 
number of cases (9.3 %). Players who were most 
likely to be involved in a concussive event were 
quarterbacks, wide receivers, tight ends, and 
defensive secondary players. Repeated concus-
sive injury was noted in 160 players during the 
study period for this series of reports, with 51 
players experiencing three or more concussions 
during the study [ 85 ]. Of players that experi-
enced concussion, almost half returned to play 
during the same game (49.5 %) [ 86 ]. Only 8.1 % 
of injuries required more than 7 days to return to 
play [ 87 ]. 

 Data from the National Hockey League refl ect 
an incidence rate of 1.8 concussions per 1,000 
player hours [ 88 ,  89 ]. Rates of injury declined 
over the seven season study period, likely due to 
increased awareness and education, but it is nota-
ble that the time lost due to concussion increased 
over the study period with a median time loss of 
6 days per concussion [ 88 ]. This likely refl ects a 
stricter adherence to return-to-play protocols 
with greater attention to adequate rest to prevent 
further injury. 

 In professional soccer, FIFA’s retrospective 
analysis of players who suffered head and neck 
injuries during the course of play documented 
that 11 % of the 163 injuries identifi ed were con-
cussions [ 90 ]. The most common causes of injury 
were aerial challenges and use of the upper 
extremity, rather than heading which caused only 
one injury during the study period. Though inci-
dence appears to be rising in professional sports, 

authors continue to note that this is likely not due 
to an increased injury rate but rather to an 
increased awareness to the issue of concussion 
and a need to document recovery prior to return 
to play.  

    TBI in the Military 

 With over 1.6 million individuals deployed to a 
combat environment since 2001, there is a sig-
nifi cant portion of the population that is placed at 
high risk for incurring a TBI [ 91 ]. Prevalence 
rates of TBI in Service Members are estimated to 
be between 10 and 20 % of those who are cur-
rently serving in the military [ 92 – 94 ]. 
Surveillance from the Defense and Veterans 
Brain Injury Center (DVBIC) refl ects 220,430 
traumatic brain injuries coded in the military 
medical record from September of 2001 to the 
second quarter of 2011 [ 95 ]. Though larger num-
bers have been reported in the literature and in 
the media, these may be overestimates of the true 
incidence and prevalence of injury as they refl ect 
screening data for TBI and likely include a num-
ber of false positives [ 96 ]. 

 Screening data are usually obtained from the 
Post-Deployment Health Assessment/Post- 
Deployment Health Re-Assessment (PDHA/
PDHRA) from the DoD or the Veteran’s Health 
Administration’s (VHA) TBI Screening 
Questionnaire [ 97 ]. These measures are used to 
determine if the Service Member or veteran was 
involved in events that placed them at risk for 
TBI and if they continue to have symptoms at the 
time of screening; follow-up evaluations with a 
provider are used to determine presence of TBI 
and etiology of current symptoms. As the mili-
tary continues to develop their care model in the-
ater, there are now mandatory evaluations in 
place for those who are felt to be at risk for TBI 
[ 98 ], with prescribed algorithms for follow-up 
care. Data are forthcoming from this effort and 
have begun to inform military medical leadership 
regarding the etiology of injuries suffered in the-
ater, time needed for recovery, and casualty rates. 
Screening data from the PDHA/PDHRA have not 
been published to date. However, multiple survey 
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efforts, primarily of Army personnel, fi nd an esti-
mated prevalence rate for mTBI of 10–20 % of 
Service Members surveyed [ 92 ,  99 ,  100 ]. There 
is some question as to whether the fi nding of con-
tinued symptoms associated with an injury event 
with either loss of, or alteration of, consciousness 
truly refl ects mTBI and not another associated 
disorder (e.g., PTSD, pain-related disorder, or 
depression) [ 92 ]. 

 Though combat-related or weapon-related 
TBI is seen as a signature injury in the cohort of 
Service Members who have served in Iraq and 
Afghanistan, TBI is actually a signifi cant cause 
of hospitalization for Service Members prior to 
the current confl icts and remains a signifi cant 
cause of hospitalization in the non-deployed pop-
ulation with the rate exceeding that of combat- 
related TBI (74.6 vs. 50.3 per 100,000 service 
members) [ 101 ]. 

 VHA has screened for TBI in approximately 
518,775 veterans of the current confl icts from 
April of 2007 to March of 2011 who have pre-
sented to VA medical facilities [ 102 ]. Of that 
number, 97,000 individuals have screened posi-
tive and were referred to secondary level evalua-
tion. Of those, who screened positive, 72,623 
individuals were referred for a secondary evalua-
tion during which their symptoms were exam-
ined in more detail and full clinical evaluation 
was performed. Following that secondary evalua-
tion, 40,154, or 7 % of the total of those screened, 
were found to have a symptom presentation and 
history consistent with mTBI. 

 The majority of TBIs diagnosed in the mili-
tary and in VHA are consistent with mTBI 
(76 %), with the primary etiology being blast- 
related. A blast TBI results from the Service 
Member being proximal to an explosive, such as 
an improvised explosive device (IED), rocket 
propelled grenade, land mine, or other artillery or 
bombs [ 103 ]. There are different levels of blast- 
related injury defi ned in the literature: (1) pri-
mary blast is a result of the rapid overpressurization 
and underpressurization of surrounding air as a 
result of the shock wave, (2) secondary injury 
results from blast-related fragments or shrapnel, 
(3) tertiary injury incurred either from falling 
debris or the Service Member being propelled 

into an object or their vehicle being propelled by 
the explosive, (4) quarternary injury from the 
associated physical processes that result from 
detonation such as heat injury or toxic detonation 
products, and (5) quinary injury, resulting from 
environmental hazards that may remain after the 
bomb detonates [ 103 – 106 ]. Following 
 blast- related TBI, the other major causes of 
combat- related TBI are consistent with the major 
causes of TBI in the civilian population with 
motor vehicle accidents or land transport acci-
dents, falls, and sports and recreational injuries 
rounding out the major causes of TBI within the 
military population. In those with severe and pen-
etrating TBI, the four most common etiologies 
are blast, motor vehicle accident, falls, and gun-
shots to the head or neck [ 107 ]. 

 Investigation of TBI in theater-based military 
treatment facilities (MTFs) is beginning to 
emerge in the literature [ 108 ]. Review of records 
from OIF by the Naval Health Research Center 
for the period of March through September 2003 
noted ICD-9 codes consistent with TBI-related 
diagnoses in 115 personnel. Most of the injuries 
were due to combat activities (71 %) with a 
smaller proportion related to non-battle injuries 
(16 %). Seven percent of the injuries were sec-
ondary to vehicle accidents. Thirteen percent of 
TBI patients were killed in action or died of their 
wounds. Concussion was the most common 
injury code, especially among the non-battle 
injuries (94 %). Skull fractures and other head 
wounds were prominently noted in those 
wounded in action or killed in action (26–33 %). 
The majority of injuries were caused by IED 
(52 %); in those who died, gunshots and mortar 
rounds made up a larger proportion of this group 
(40 %). The leading causes of non-combat inju-
ries were blunt trauma and motor vehicle acci-
dents. Most often those who were wounded in 
action had a higher percentage of other bodily 
injury with face (50 %) and extremity injuries 
(31 %) representing the majority of other areas of 
injury. Two thirds of those in the study were 
wearing protective equipment, generally a helmet 
and body armor, most of those injured reported a 
mean of 2.5 types of protective gear worn at the 
time of injury. Return to duty rates were rela-
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tively high in the population, with 46 % of those 
wounded in action returning to duty and 67 % of 
those with non-battle injuries returning to duty. 
Of those with a mTBI who were discharged from 
service, 29 % of the discharges were disability- 
related (not specifi c necessarily to TBI). Of those 
with moderate to severe injury, 100 % of dis-
charges from service were disability-related. 

 In a 10-year study of TBI hospitalizations in the 
Continental United States (CONUS) or European 
MTF’s conducted with records from 1997 to 2006, 
110,392 Service Members had at least one medical 
encounter for TBI and there were 15,372 hospital-
izations for TBI, with falls and land transport acci-
dents representing the primary etiology for injury. 
Hospitalization rates have increased over the course 
of the confl ict, vary by Service branch and phase of 
the confl ict, and refl ect a higher rate of weapons-
related injuries. The Service Member hospitalized 
with TBI is generally a younger man, who is at the 
rank of junior enlisted or non-commissioned offi -
cer (E1–E5), and tends to serve in the Army or 
Marines. In examining the early stages of the con-
fl ict, Heltemes and colleagues [ 109 ] determined an 
incident inpatient hospitalization rate for TBI of 
10.4 Service Members per 10,000 troop strength 
(1,213 personnel in total) in either Landstuhl 
(German-based medical center) or in CONUS 
Regional Medical Centers. This study found that of 
the sample, only 3 % died of their injuries during 
hospitalization. The majority of the diagnoses were 
intracranial injury without skull fracture (59.7 %), 
with 39.3 % suffering a fracture of the skull. These 
data likely represent an underestimate of incident 
TBI hospitalizations as they did not account for in-
theater deaths or hospitalization. 

 More recently, a study of all TBI hospitaliza-
tions in the US Army for the period of September 
2001 to September of 2007 documented that 
46 % of the hospitalizations were for severe TBI, 
54 % for moderate, and less than 1 % were for 
mild [ 110 ]. Though 65 % of the severe injuries 
were related to explosions, almost half of the 
injuries were related to non-combat causes. 
Overall about 0.14 % of service members in OEF 
and 0.31 % of those serving in OIF had TBI- 
related hospitalizations [ 110 ]. In a separate study 
of the Army hospitalization rates, Ivins and oth-

ers [ 101 ] found a 105 % increase in TBI hospital-
izations in the Army from 2000 to 2006, with a 
60-fold increase in those injuries attributed to 
weapons. Of the 2,959 cases that presented to an 
Army medical treatment facility, the majority of 
cases was mild in severity and was associated 
with extracranial injuries. Finally, studies that 
have assessed for TBI in those who were hospi-
talized for other conditions that warranted inpa-
tient treatment noted about 20–30 % have TBI in 
addition to their other injuries [ 91 ,  111 ]. 

 Data from the VA refl ect a high incidence of 
TBI in addition to other, signifi cant bodily injury 
[ 112 ] in their sub-acute rehabilitation facilities. 
Of 188 consecutive patients admitted to a VA 
Polytrauma Rehabilitation Center (PRC) between 
2001 and 2006, 93 % were diagnosed with a TBI 
in addition to their other injuries. In addition, 
pain disorders and mental health conditions were 
noted to have a high rate of co-occurrence (100 % 
and 39 %, respectively). 

 The continuing challenge for clinicians work-
ing with military Service Members with TBI is 
the high level of co-occurring disorders that are 
noted in the population, especially mental health 
diffi culties, including posttraumatic stress disor-
der (PTSD) and pain-related disorders. For exam-
ple, in a sample of veterans who screened positive 
for TBI within the VHA, those with  clinically 
confi rmed diagnosis of TBI were more likely than 
those without confi rmed TBI to 
have clinical diagnoses of PTSD, other anxiety 
 disorders, and adjustment disorders [ 113 ]. 
Co-occurring mental health and TBI diagnoses in 
the VA setting varied by sex. Of those veterans 
with a confi rmed TBI diagnosis, PTSD was the 
most common co-occurring psychiatric diagno-
sis, with men more likely to have a PTSD diagno-
sis than women [ 114 ]. Women were two times 
more likely to have a depression diagnosis and 1.5 
times more likely to have PTSD with co- occurring 
depression. In addition, women were noted to 
report more severe neurobehavioral symptoms 
than men. Screening-based survey data refl ects a 
high overlap of TBI and mental health diffi culties, 
especially PTSD, with overlap between the two 
estimated to be about 30 % of all those who 
screen positive for TBI [ 92 ,  115 ]. The noted 
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co-occurrence of PTSD tends to be associated 
with longer symptom duration following injury, 
especially in those with mTBI [ 92 ,  93 ]. 

 With respect to other mental health diagnoses, 
there are fewer empirical studies. Veterans who 
have a history of clinically diagnosed TBI are 
1.55 times more likely to die of suicide than those 
without TBI history and this rate was further 
increased in those with milder injuries (1.95) [ 97 ]. 
Concurrent diagnosis of Major Depression was 
greater in those who died of suicide regardless of 
severity. Only one study specifi cally examined the 
rate of alcohol abuse following TBI in a military 
cohort and found that there was no relationship 
between alcohol abuse and TBI when other 
comorbid psychological health diffi culties and 
demographics were controlled in a comparative 
model [ 109 ]. Finally, pain is a major complaint in 
this population, with a prevalence rate of pain dis-
orders at 43.1 % based on a meta- analysis of vet-
erans. Though PTSD was thought to potentially 
mediate the relationship between TBI and pain, 
TBI continued to demonstrate an independent 
correlation with pain disorder diagnosis when 
mental health diagnoses were controlled for in the 
comparative model [ 116 ]. These challenging 
patients should continue to be approached as indi-
vidual cases, with an understanding that TBI, in 
addition to co-occurring mental health, pain, and 
potential sensory dysfunction, may contribute to 
the clinical presentation.  

    Prevalence and Societal Impact 

 TBI is the leading cause of death for persons under 
the age of 44 in the United States [ 117 ]. It is esti-
mated that between 3.2 and 5.3 million Americans 
(1.1–1.7 % of the US population) live with disabil-
ity due to TBI [ 33 ,  118 ]. Similar to estimates of 
incidence, these numbers are likely an underesti-
mate because they do not include individuals that 
did not seek medical care, were treated and released 
from the ER, or were not treated in hospital set-
tings. Additionally, these estimates do not take into 
account prevalence of long-term disability in mili-
tary populations. When considering medical costs 
and lost productivity, the lifetime cost of TBI in the 

United States was estimated to be 60 billion dollars 
annually based on information for the year 2000 
[ 119 ]. When this estimate is converted to 2009 dol-
lars, the estimated total lifetime cost of TBI is $221 
billion with $14.6 billion for medical costs, $69.2 
billion for work loss costs, and $137 billion for 
value of lost quality of life. Total lifetime costs 
were highest for males age 25–44 years [ 63 ]. These 
estimates do not take into account the emotional 
cost of TBI or the indirect impact on families, care-
givers, and the community. 

 The societal impact of TBI is immense and 
diffi cult to quantify. TBI frequently results in 
long-term disability and can adversely affect the 
lives of TBI survivors, their families, friends, and 
society as a whole. In addition to medical 
expenses and economic burden, long-term TBI- 
related disability frequently results in major 
changes in interpersonal roles and relationships, 
as well as decreased engagement in community 
activities such as work, school, driving, and lei-
sure activities [ 120 ]. This impact is particularly 
acute for the high proportion of young adult TBI 
survivors, who may be just beginning to establish 
social, vocational, and family roles. 

 TBI survivors commonly face levels of disability 
that limit their ability to return to previous levels 
of employment and other productive endeavors. 
Return to employment is consistently identifi ed as 
among the poorest areas of psychosocial outcome 
following TBI [ 121 ], with post- injury unemploy-
ment estimates ranging from 10 to 70 % [ 122 – 124 ]. 
It has been estimated that nearly one of fi ve 
 hospitalized TBI survivors has not returned to 
work 1 year following injury as a result of persist-
ing disability, resulting in total lifetime productivity 
losses of $51.2 billion (based on information from 
the year 2000) [ 119 ]. Physical defi cits limit return 
to work less than the presence of cognitive, behav-
ioral, and personality changes [ 125 ]. Dikmen and 
colleagues [ 28 ] found that age, education, stability 
of pre-injury work history, and injury severity were 
all strongly related to the amount of time it took 
patients to return to work. More specifi cally, indi-
viduals over the age of 50, those with less than 
high school education, and those with an unstable 
pre- injury work history were less likely to return 
to work and took longer to go back to work than 
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those in other groups. As expected, individuals 
with milder injuries went back to work more fre-
quently and sooner than those with more severe 
injuries. 

 In addition to diminished productive activity, a 
large percentage of TBI survivors face loss of or 
decreased personal independence. Most com-
monly, individuals who are unable to return to 
independent living situations following TBI will 
ultimately reside with a family member or signifi -
cant other post-injury. It has been documented that 
almost half of persons with moderate and severe 
TBI who were living independently prior to injury 
were living with parents at 1 year post- injury 
[ 126 ]. Individuals with moderate and severe TBI 
also have a markedly increased risk for institu-
tional (usually nursing home) placement as com-
pared to non-injured controls [ 126 ,  127 ]. 

 Personal and family roles are frequently 
strained by personality and behavioral changes 
after TBI. Aggression and disinhibition, as well as 
impaired social skills, poor self-awareness, and 
impaired social problem solving, can negatively 
affect interpersonal relationships. Caregiver sub-
jective burden has been reported to have higher 
associations with behavioral disruption, than with 
physical impairments resulting from TBI [ 128 ]. 
Adjustment to the caregiver role is often more dif-
fi cult for spouses than for parents, given the spe-
cifi c strains that are placed on marriages due to 
personality changes, increasing dependence, and 
increasing social isolation. Subsequently, rates of 
divorce are higher following TBI than in the gen-
eral population [ 128 ]. Attrition of friendships and 
leisure activities is common following TBI [ 129 ], 
which often results in TBI survivors becoming 
increasingly dependent on their primary caregiv-
ers to meet their social needs. This pattern 
increases family burden further, as caretakers have 
less time to restore their social networks leading to 
increases in their own social isolation [ 128 ].  

    Prevention 

 Awareness of public statistics is particularly 
helpful for targeting and planning intervention 
programs. Prevention programs typically seek to 

prevent or reduce brain injuries by providing 
public education, implementing specifi c public 
health programs, and affecting public policy. 
Many public health education programs have 
focused on vehicular safety (e.g., wearing seat-
belts, wearing approved helmets, obeying traffi c 
laws) and fi rearms safety [ 130 ], and there is good 
evidence that bicycle and motorcycle helmets, 
seatbelts, and airbags reduce severity of brain 
injury following accidents [ 131 – 133 ]. Such pro-
grams may partly account for the declining death 
rates from TBI due to vehicle-related and fi rearm 
injuries [ 1 ]. One of the largest prevention pro-
grams, the ThinkFirst National Injury Prevention 
Foundation (  http://www.thinkfi rst.org    ) in con-
junction with the CDC, provides a wealth of 
information on reducing risk of TBI from multi-
ple potential causes. Additionally, the CDC 
Heads Up Program provides pamphlets, fact 
sheets, and toolkits to increase awareness of TBI, 
particularly mTBI, with the goal of preventing or 
mitigating poor outcome from TBI (  http://www.
cdc.gov/concussion/headsup    ). 

 Despite these programs, fall-related deaths 
have continued to increase [ 1 ,  32 ], especially 
among older adults. Falls and fall-related TBI 
can seriously affect the quality of life in older 
adults and place a large burden on the US 
Health Care System. The CDC has several cam-
paigns to reduce fall-related TBI and to build 
awareness of early signs of fall-related TBI in 
older adults. Modifi able fall risk factors include 
muscle weakness, gait and balance problems, 
vision problems, psychoactive medications, 
and home hazards. Effective fall-prevention 
programs typically focus on medication man-
agement, exercise, vision correction, and home 
modifi cation, and the CDC provides a publi-
cally available document reviewing and 
describing evidence-based fall-prevention pro-
grams [ 134 ].  

    Conclusions 

 In closing, this chapter illustrates that mortality 
and morbidity due to TBI are major public health 
problems in the United States. Given the likeli-
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hood of persistent impairments, individuals who 
are diagnosed with TBI often require ongoing 
rehabilitation and mental health support. 
Neuropsychologists often play an important role 
in the evaluation and treatment of persons with 
TBI in both of these settings. Understanding the 
specifi c population-based statistics for TBI, sta-
tistics related to common outcomes, and the 
overall effect of TBI on the person’s quality of 
life and community functioning are vital to suc-
cessful evaluation, education, and care of the 
individual with TBI. In addition, understanding 
the risk factors for TBI and efforts aimed at pre-
vention allows for a broader role of the neuro-
psychologist in the community, as an educator 
and as a resource for special populations and 
advocacy groups. 

 Understanding the risks in specifi c at-risk 
populations of individuals, as presented in this 
chapter, allows the neuropsychologist to under-
stand the unique causes of injury and factors that 
infl uence outcome from injury. As neuropsy-
chologists increasingly play a role in the evalua-
tion of the injured athlete, appreciation of the 
rates of injury, common causes, and effect of 
adherence to return to play guidelines on out-
come are paramount to successful decision mak-
ing. As more and more military service members 
return from deployment and re-enter the com-
munity, the neuropsychologist will likely see 
increasing numbers of these individuals who suf-
fer with persisting cognitive and neurobehav-
ioral complaints. The appreciation of the specifi c 
types of injury these individuals incurred, as 
well as the likelihood that other, co-occurring 
disorders may complicate the evaluation or treat-
ment of the individual veteran or service mem-
ber will allow for the adoption of more effective 
and effi cacious strategies. 

 Finally, population statistics refl ect the chal-
lenges that the individual with TBI and their fam-
ily and caregivers face as they reenter their 
communities and attempt to resume their work 
and home life. Understanding the effects on the 
individual, their caregivers, and their social envi-
ronment provides a context in which to place rec-
ommendations and to plan strategies that optimize 
the potential for successful reintegration.     
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    Abstract  

  Outcome following traumatic brain injury (TBI) depends on many factors, 
including severity of injury. Research has demonstrated a dose–response 
relationship between TBI severity and cognitive outcomes, with more 
severe defi cits associated with increasingly severe injuries. Additionally, 
changes in psychological functioning, behavior, and participation in the 
community may be sequelae of TBI. This chapter focuses on recovery and 
outcomes from TBI, including mild, mild- complicated, and moderate-to-
severe, as well as mitigating factors, such as demographics and premorbid 
factors, psychological comorbidities, type of injury, repeated concussions, 
and fi nancial incentives. Outcome prediction is essential for planning 
rehabilitation goals, patient and family education about long-term changes, 
and identifying necessity of future assistance. This task is made challeng-
ing by the additional infl uence of factors such as premorbid functioning, 
type and severity of injury, and other situational factors.  
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     A variety of factors affect recovery from traumatic 
brain injury (TBI). The extent of cognitive recov-
ery from TBI largely depends on the severity of 
the injury, as illustrated by the well- established 
dose–response relationship between TBI severity 
and cognitive outcome [ 1 ,  2 ]. This fi nding demon-
strates that neuropsychological performance cor-
relates with severity of injury with the most severe 
defi cits following severe injuries. Furthermore, 
changes in behavior, psychological functioning, 
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and participation in the community may also occur 
subsequent to TBI. This chapter will address 
recovery and outcomes following TBI, including 
mild, mild- complicated, and moderate-to-severe, 
as well as mitigating factors. 

    Mild TBI 

 Mild TBI (mTBI) has traditionally been defi ned 
by a Glasgow Coma Scale (GCS) score of 
13–15, loss of consciousness (LOC) less than 
30 min, and posttraumatic amnesia (PTA) less 
than 24 h [ 3 ]. Brief LOC may also be associated 
with mTBI; however, its usefulness in predicting 
symptoms subsequent to mTBI is questionable. 
Research has shown that LOC is not associated 
with total number of symptoms or duration of 
symptoms among athletes who sustained con-
cussions [ 4 ]. Some persons report experiencing 
symptoms consistent with post-concussion syn-
drome (PCS), which can be grouped into three 
clusters: somatic, affective, and cognitive [ 5 ]. 
Somatic symptoms typically include headache, 
fatigue, and dizziness. The affective cluster 
often includes irritability, anxiety, depressed 
mood, and sleep diffi culties. The most com-
monly reported cognitive changes include 
slowed processing speed, poor attention, and 
diffi culty with short-term memory [ 5 – 7 ]. 

 It is noteworthy, however, that PCS symptoms 
are not specifi c to mTBI [ 8 ,  9 ] and some indi-
viduals have questioned the construct validity of 
this diagnosis, including the authors of the 
Diagnostic and Statistical Manual of Mental 
Disorders—IV-Text Revision [ 10 ]. mTBI is listed 
as a diagnosis under the category of Criteria Sets 
and Axes Provided for Further Study, due to the 
limited empirical evidence for this disorder as a 
distinct entity. Furthermore, in prospective stud-
ies, the presence of mTBI did not predict PCS 
symptoms at 5 days post-injury, rather the pres-
ence of a depressive or anxiety disorder and 
female gender were most strongly related to PCS 
symptom reporting [ 6 ,  8 ,  11 ]. Rates of PCS 
symptoms have been found to be roughly equiva-
lent among mTBI patients and trauma controls, 
which indicates that mTBI is not specifi cally pre-

dictive of PCS [ 12 ]. Other studies have found 
similar rates of PCS symptoms among normal 
controls and outpatients [ 13 ,  14 ]. Furthermore, 
PCS symptoms have not been found to be related 
to objectively measured cognitive functioning 
[ 12 ]. Rather subjective complaints of deteriorat-
ing cognitive functioning are likely related to 
non-brain injury factors [ 15 ,  16 ]. For studies that 
have noted PCS symptoms, symptoms resolved 
within 16 days of injury [ 4 ] and poor medical 
health, mental health, and marital status at base-
line (being widowed, divorced, or separated) 
were more predictive of complaints such as 
fatigue at 12 months than was injury [ 17 ]. Persons 
with history of mTBI may attribute fatigue, as 
well as other PCS symptoms, to their injuries but 
the symptoms may actually be associated with 
premorbid factors, psychological status, or other 
health-related factors. Thus, PCS symptoms 
appear to refl ect psychological distress related to 
the events of the injury, pre-injury psychological 
distress, or non-clinical factors and are likely 
unrelated to the actual head injury especially 
when they occur after the fi rst month. 

 Mild cognitive defi cits may occur within the 
fi rst few days after mTBI, often including diffi -
culty with recall, slowed processing speed, and 
reduced attention. These symptoms may be due 
to the actual brain injury, but other causes such 
as injury-related pain and psychological distress 
cannot be ruled out [ 8 ]. Research has suggested 
that athletes sustaining concussions demon-
strate full recovery on cognitive measures within 
7–10 days (e.g., return to personal baseline) [ 18 , 
 19 ]. In community samples of persons with 
mTBI defi cits in verbal learning and attention as 
compared to controls were evident up to 1–6 
months post-injury in some individuals, but 
many individuals did not show any cognitive 
impairment during this time period [ 20 ,  21 ]. 
Although subtle neuropsychological changes 
may be evident following mTBI, research has 
shown that these changes are often resolved 
within 3 months [ 8 ,  19 ]. 

 Regarding functional outcomes, assessed 
with the GOS, research has shown that per-
sons who have sustained mTBI have good 
outcomes in both the short and long terms [ 8 ]. 
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Poor outcomes and lingering PCS symptoms 
appear to be unrelated to brain injury and likely 
related to psychological variables or litigation. 
For example, subjective cognitive and somatic 
complaints may be related to depression or anxi-
ety [ 8 ,  22 ]. The literature also indicates a ten-
dency for persons sustaining injuries to recall 
themselves as being healthier and happier prior to 
the injury. For example, persons who had sus-
tained concussions 6 months previously underes-
timated their pre- concussion symptoms by 97 % 
[ 23 ]. This tendency has been referred to as the 
“good old days” bias, such that people overesti-
mate the actual degree of change that has occurred 
since injury by underestimating premorbid symp-
toms [ 24 – 26 ]. Iverson et al. [ 25 ] found that pre-
injury ratings of persons with mTBI were higher 
than ratings of control participants. As PCS 
symptoms are nonspecifi c, a person may associ-
ate negative events and feelings to an injury 
rather than normal emotional fl uctuations, events, 
etc. The effects of litigation on recovery from 
mTBI are discussed later in this chapter in the 
mitigating factors section. Thus, consistent 
fi ndings indicate full recovery following an 
uncomplicated mTBI in the vast majority of 
injured persons.  

    Repeated mTBI 

 Research has also focused on the cumulative 
effects of sustaining repeated mTBIs, especially 
among athletes. Whereas some correlational 
studies have suggested a dose–response relation-
ship between number of injuries and poorer neu-
ropsychological status, a meta-analysis on 
multiple mTBIs by Belanger et al. [ 27 ] indicated 
that the literature revealed no overall signifi cant 
effect on neurocognitive functioning or symptom 
complaints. Their results showed that sustaining 
multiple mTBIs has been associated with cogni-
tive defi cits in executive functioning and mem-
ory, but the effect size was small and the clinical 
signifi cance was unclear. The authors concluded 
that sustaining two or more mTBIs has little rela-
tionship with cognitive performance several 
months later. 

 Some researchers have speculated that 
repeated trauma to the brain may accelerate 
degenerative processes later in life, such as mild 
cognitive impairment, Parkinson’s, Alzheimer’s, 
or some other type of neurodegenerative disease 
[ 28 ]. Findings concerning whether the length of 
recovery following subsequent mTBIs is longer 
than the fi rst mTBI have been inconclusive [ 27 , 
 28 ]. Among professional boxers, a review of the 
literature by Loosemore et al. [ 29 ] revealed that 
10–20 % develop measurable long-term brain 
injury as indicated by clinical, radiologic, or his-
topathologic examination, but they found that 
amateur boxing was not associated with neuro-
cognitive deterioration. A recent study on diffuse 
axonal injury (DAI) as measured by MRI showed 
no signifi cant differences in frequencies of 
microhemorrhages between amateur boxers and 
controls [ 30 ]. A possible explanation for this dis-
crepancy is that a head guard is not permitted in 
professional boxing, but is required in amateur 
boxing. Although the concepts of dementia 
 pugilistica and chronic traumatic encephalopathy 
have been discussed in the media, there are very 
few well-controlled studies published in the neu-
rology literature on these conditions and the stud-
ies have not controlled for other factors that could 
contribute to cognitive impairment such as pre-
morbid learning disabilities, ADHD, and sub-
stance abuse. 

 The risk of “second-impact syndrome” has 
been identifi ed, especially among athletes. This 
syndrome may occur when someone sustains a 
second concussion prior to complete healing 
from a previous concussion, usually within a few 
days to a week, which has been thought to lead to 
acute brain swelling and the possibility of fatality 
[ 19 ], but the probability of such an injury occur-
ring is extremely low. Randolph and Kirkwood’s 
[ 31 ] review of the risks of sport-related concus-
sion included an examination of the Catastrophic 
Sports Injury Database for 10 years of American 
football at all levels. These authors found that 
there was only one case of diffuse cerebral swell-
ing at all levels of play over this time period, even 
though it was estimated that 40 % of players were 
returned to play when symptomatic [ 32 ]. Given 
the overall high rate of concussion, one would 
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expect that if second impact syndrome was a 
common medical event, one would see more than 
one case in a 10-year span in this database. 
Additionally, given the return to play guidelines 
currently in place in the sports community, indi-
viduals are at a lower risk for this kind of event 
given that it already has a very low base rate. 
Research has indicated that when diffuse cerebral 
swelling is seen, it is most often in children and 
adolescents and represents a calcium subchannel 
mutation that is related to familial hemiplegic 
migraine [ 33 ,  34 ].  

    Complicated mTBI 

 Complicated mTBI is a classifi cation of TBI for 
cases in which GCS scores were between 13 and 
15 with evidence of an intracranial bleed or lesion 
[ 35 ,  36 ]. Research has shown that a subgroup of 
persons with GCS scores in this range accompa-
nied by intracranial bleeds had poorer outcomes, 
including neuropsychological status, than those 
who had sustained an uncomplicated injury [ 35 ]. 
Similarly, persons with GCS of 15 after TBI who 
required surgery after developing intracranial 
hematoma were also at risk for worse outcomes, 
such that only 65 % had a good outcome [ 37 ]. 
Research has shown an increased level of disabil-
ity among persons with complicated mTBI at 6 
months and 1 year as compared to those sustain-
ing uncomplicated injuries [ 35 ,  36 ,  38 ,  39 ]. 
Persons sustaining complicated mTBIs have also 
been found to have signifi cantly worse cognitive 
performances than control participants at 1 month 
post-injury, whereas those with uncomplicated 
mTBI had performances comparable to controls 
[ 40 ]. Furthermore, based on group data, persons 
sustaining complicated mTBIs have not been 
found to experience complete recovery of cogni-
tive function to unimpaired levels by 1 year post- 
injury, which contrasts the 3 month recovery of 
neuropsychological status that is typical with 
mTBI [ 36 ]. 

 Outcomes at 1 year post-injury among persons 
with complicated mTBI are actually more consis-
tent with the outcomes following moderate TBI 
[ 36 ]. Functional outcomes were equivalent for 

those with complicated mTBI and moderate TBI, 
including the following domains: physical (FIM 
motor domain scores), cognitive (FIM cognitive 
domain), independence, employability (e.g., 
Disability Rating Scale), and community integra-
tion (Community Integration Questionnaire 
(CIQ)). The most common areas of cognitive 
impairment were processing speed, learning and 
memory, and word generation [ 35 ,  36 ]. 

 Kashluba et al. [ 36 ] highlighted the impor-
tance of these fi ndings in understanding the limi-
tations of exclusively relying on GCS scores in 
the classifi cation of TBI severity, as many of 
these individuals have length of unconsciousness 
or length of posttraumatic confusion (PTC) that 
are more consistent with moderate injuries. 
Persons with similar GCS scores in the mild 
range can have strikingly different outcomes if 
the injury was further complicated by an intracra-
nial bleed. The authors argue for greater consid-
eration of additional factors beyond GCS to 
predict outcome and determine severity of injury, 
including LOC, length of PTA, and time to fol-
low commands. As the complicated mTBI group 
has been found to have similar outcomes to those 
sustaining moderate TBIs, more information 
regarding their outcomes is presented in the 
moderate- severe section of this chapter.  

    Moderate-Severe TBI 

 Moderate to severe TBI has typically been 
defi ned as a LOC longer than 30 min, PTA longer 
than 24 h, or a GCS of 9–12 for moderate severity 
and 3–8 for severe severity [ 3 ]. Following injury, 
persons with severe TBI may proceed through a 
series of stages, including coma, vegetative state, 
minimally conscious state, confused state (PTA), 
and recovery. While all will, by defi nition, have 
some period of coma (typically described as a 
GCS of 8 or below), most will never be in a veg-
etative state and it is unknown how many will be 
in a minimally conscious state at some point dur-
ing recovery. For patients who are in vegetative 
and/or minimally conscious states, the duration 
of these states varies greatly [ 41 ]. Many people 
with moderate TBI, however, may never have 
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been in a coma and none are in coma at hospital 
admission. Vegetative and minimally conscious 
states are not seen in moderate TBI unless there 
is deterioration due to some late occurring com-
plication such as intracranial bleeding. However 
the confused state is seen in all patients with 
moderate or severe TBI. Incidence of persistent 
vegetative state (complete unawareness of self 
and environment lasting longer than 30 days with 
some preserved brainstem functioning such as 
eye opening) at 1 year post-injury is rare (e.g., 
1 %; [ 41 ]). During a minimally conscious state, a 
person demonstrates inconsistent awareness of 
the environment and is inconsistent in following 
commands. The minimally conscious state is 
typically a temporary phase of recovery [ 42 ]. 
Subsequently, persons with TBI become respon-
sive but confused. They often experience retro-
grade amnesia, such that they cannot recall events 
for a period of time prior to the head injury. In 
severe injuries, the last memory that can be 
recalled may have occurred days, months, or 
even longer before the injury. As recovery pro-
ceeds, the extent of retrograde amnesia typically 
shortens but the events surrounding the injury are 
not typically fully recalled. PTA is memory loss 
for events following the injury, including time in 
coma [ 43 ]. As other neurobehavioral impair-
ments (e.g., disrupted sleep-wake cycle, dis-
turbed consciousness, altered psychomotor 
activity, agitation) often accompany the memory 
and cognitive impairments seen in PTA, the 
broader term PTC is now often used to describe 
the early period of recovery following TBI [ 44 ]. 
PTC may be brief, such as several days, or long- 
lasting, such as longer than several weeks. PTA/
PTC is typically considered to be resolved when 
a person demonstrates orientation and the ability 
to create and retain new memories [ 42 ]. PTA 
duration is best determined by serial administra-
tion of an orientation measure such as the 
Orientation Log or the Galveston Orientation and 
Amnesia Test. Agitated or restless behaviors dur-
ing PTC have been associated with better out-
comes than initial sluggishness or immobility 
[ 45 ]. Sherer et al. [ 46 ] found that patients who 
were more severely confused had worse out-
comes in employability and productivity. 

 Neurobehavioral symptoms are common 
among those with moderate to severe TBI and 
typically include problems with irritability, tem-
per, dizziness, sensitivity to noise, and blurred 
vision. Additionally, they may experience apathy 
or lack of initiative, as well as extreme fatigue or 
tiring easily [ 43 ]. The most common cognitive 
defi cits following moderate to severe TBI include 
impairments in attention, processing speed, and 
learning and memory. Attentional diffi culties can 
include distractibility, poor concentration, and 
reduced divided attention. Information process-
ing speed is reduced, which can affect numerous 
other cognitive domains. Complex attention and 
executive functioning have frequently been found 
to be impaired following moderate to severe TBI 
[ 47 ,  48 ]. Some have argued that these defi cits are 
the consequence of defi cits in processing speed 
and attention [ 49 ]. Executive dysfunction may 
present as poor self-awareness, insight, or self- 
control, as well as impairments in organization, 
planning, and judgment. Memory problems typi-
cally consist of diffi culties with learning new 
information, retaining it, and subsequently 
retrieving it. These diffi culties may also be due to 
impairments in attention and executive func-
tioning. Defi cits in language and visuospatial 
constructional skills may also be present in 
more severe injuries [ 1 ]. Classic aphasia is rela-
tively rare following TBI, unless there is a focal 
lesion [ 50 ]. Communication problems may be 
present due to word fi nding problems, organiza-
tion, and executive functioning (e.g., social judg-
ment, impulsivity). At 1 month post-injury, 
persons with moderate or severe TBI performed 
signifi cantly worse on all cognitive measures 
than did controls, and those with severe injuries 
continued to perform worse than controls at 1 
year post- injury [ 51 ]. 

 Signifi cant, long-term defi cits are consistently 
found among persons with moderate to severe 
TBI. Moderate TBI appears to be associated with 
cognitive defi cits for 6 months or longer post- 
injury; it is noteworthy that in a meta-analysis on 
cognitive outcome, Dikmen et al. [ 1 ] indicated 
that due to inconsistent use of cut points in sever-
ity labels, fi ndings had to be tempered accord-
ingly. Consistent with the dose–response theory, 
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severe TBI is often associated with more exten-
sive cognitive defi cits than moderate TBI. For 
example, Novack et al. [ 52 ] found that the 
severely injured group had worse cognitive out-
comes than did the moderately injured group at 
12 months post-injury, and both groups were 
below normative cognitive performance levels. 

 Research on the timeline of cognitive recovery 
from moderate to severe TBI has generally indi-
cated that the most rapid recovery occurs during 
the fi rst 5 months post-injury [ 53 ]. Recovery typ-
ically continues between 6 months to 2 years 
post-injury [ 54 ] with the steepest rates of 
improvement between 2 and 5 months [ 53 ]. 
Millis et al. [ 55 ] found that further improvement 
can still be evident at 5 years post-injury. Rate 
and extent of recovery varies across cognitive 
domains, such that there is slower improvement 
for more complex functioning [ 56 ]. Consistent 
with this, Millis et al. [ 55 ] found that a greater 
proportion of persons with TBI demonstrated 
improvement on simpler memory tasks than on 
complex memory tasks. Recovery of reasoning 
and problem-solving skills was also variable, 
such that some people demonstrate sparing or 
improvement and others exhibit marked impair-
ment up to several years post-injury. Their results 
also showed that the greatest improvements dur-
ing years 1–5 post-injury occurred on measures 
of visuoconstruction (Block Design), problem- 
solving (Wisconsin Card Sorting Test), and com-
plex attention (Trails B). Motor and visuospatial 
domains continue to show steep improvement 
throughout the fi rst year post-injury [ 53 ]. Millis 
et al. [ 55 ] reported that tasks that require complex 
constructional skills and speed may be the most 
sensitive to late recovery (e.g., 1–5 years 
post-injury). 

 Residual cognitive defi cits are common 2 years 
post-injury [ 54 ] and differences between persons 
with TBI and controls in attention, processing 
speed, memory, and executive functioning have 
been found up to 10 years post-injury [ 57 ]. Millis 
et al. [ 55 ] found that at 5 years post- injury (com-
plicated mild to severe) cognitive functioning 
ranged from no measurable impairment to severe 
impairment. The course of cognitive recovery var-
ies greatly among individuals. Millis et al. [ 55 ] 

found that 22.2 % of persons in the Traumatic 
Brain Injury Model Systems (TBIMS) national 
database demonstrated cognitive improvement 
during 1–5 years post-injury, while 62.6 % 
remained stable and 15.2 % deteriorated. The fur-
ther decline of cognitive functioning during the 
recovery stage of TBI has also been reported by 
Till et al. [ 58 ]. Millis et al. [ 55 ] noted that the sub-
group showing continued decline in cognitive 
functioning was the oldest group (e.g., middle 
age), with the next lower age group remaining 
stable, and the youngest group showing cognitive 
improvement. The declines were most evident on 
measures requiring cognitive fl exibility and 
speeded performance and were of a great enough 
magnitude to be associated with functional 
declines. Bercaw et al. [ 59 ] suggested that possi-
ble reasons for this decline include medical 
comorbidities or emotional distress. 

 Cognitive performance measured during acute 
rehabilitation is useful in predicting 1-year out-
comes, even above and beyond functional and 
injury severity factors. For example, neuropsy-
chological status within the fi rst month post- 
injury assessed during inpatient rehabilitation 
with a brief standard battery was predictive of 
handicap, functional outcomes, need for super-
vision, and employability at 1 year post-injury. 
An estimate of premorbid cognitive functioning 
(WTAR) was most predictive of outcomes at 1 
year post-injury individually. A measure of exec-
utive functioning (TMT-B) also showed unique 
predictive power of functional independence 
(FIM) and general outcomes (GOS-E) [ 60 ]. 

    Productivity Outcomes 

 Moderate to severe TBI has been associated with 
signifi cant functional impairments at 3–5 years 
post-injury. Specifi cally, Dikmen et al. [ 61 ] 
noted that 60 % of their sample of persons with 
TBI reported having long-lasting cognitive dif-
fi culties that affected their abilities to complete 
daily tasks independently and 30 % were unable 
to return to school or work. Bercaw et al. [ 59 ] 
found that improvements in processing speed 
and learning were predictive of ratings of 
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disability and functional independence at 2 years 
post-injury, even after controlling for effects of 
age and injury severity. 

 Cognitive and behavioral sequelae after TBI 
can interfere with returning to or gaining employ-
ment. Estimates for the rate of unemployment 
following TBI range from 60 to 80 % [ 62 ,  63 ]. 
A strong dose–response relationship has been 
shown between severity of TBI and return to 
work rates, with lower rates of return for more 
severe injuries [ 64 ,  65 ]. The early indicators of 
TBI severity (e.g., GCS, length of PTA, time to 
follow commands) and functional indicators of 
injury severity (e.g., measures of disability and 
handicap such as DRS or FIM) have been associ-
ated with rates of returning to work at 1 year 
post-injury [ 66 ]. 

 Doctor et al. [ 67 ] reported unemployment 
rates at 1 year post-injury of 31 % among persons 
with mTBI, 46.4 % among those with moderate 
TBI, and 62.1 % among those with severe TBI, 
all of whom were working prior to their injuries. 
These rates were signifi cantly higher than those 
of the general population, ranging from 8 to 
10 %. Dikmen et al. [ 21 ] had similar fi ndings, 
such that persons with more severe TBIs had 
lower return rates than those with mild or moder-
ate injuries. Additionally, they reported that per-
sons with TBI had a lower return to work rate 
than trauma controls (49 %vs. 63 %) at 1 year 
post-injury. The greatest rate of returning to work 
post-TBI occurs between 1 and 6 months post- 
injury; however, those with more severe TBIs 
may continue to return to work over a longer 
period of time as compared to those with mTBIs 
who reach an asymptote earlier. It is noteworthy 
that only a very small percentage of those with 
the most severe TBIs return to work within 2 
years of injury [ 64 ]. 

 Neuropsychological status is also an impor-
tant factor in returning to work. Dikmen et al. 
[ 64 ] found that neuropsychological functioning 
at 1 month post-injury was associated with 
employment rates. Specifi cally, 96 % of those 
with “excellent” cognitive abilities were work-
ing; these people likely had milder injuries and 
good premorbid functioning. Intact executive 
functioning, attention, and memory skills are 

critical for adequate performance and job suc-
cess. In a meta-analysis of the predictive power 
of neuropsychological assessment in vocational 
outcomes, Crepeau and Scherzer [ 68 ] found that 
executive functioning was highly correlated with 
employment outcomes and measures of lan-
guage, visuospatial abilities, and global cognitive 
status was moderately correlated with employ-
ment. Cifu et al. [ 66 ] reported that neuropsycho-
logical assessment occurring in the acute phase 
of rehabilitation was not predictive of employ-
ment outcomes at 1 year. They hypothesized that 
this fi nding may be related to the fact that a mini-
mum threshold of functioning must be present to 
complete neuropsychological testing, which 
reduces the range of assessment by removing the 
most severe injuries from the analyses. They also 
suggested that the specifi c domains of neuropsy-
chological assessment may not adequately map 
onto functional skills and abilities; whereas, 
 cognitive assessment on a more functional mea-
sure (e.g., DRS) was predictive of return to work. 
Sherer et al. [ 69 ], however, found that early cog-
nitive assessment was predictive of later employ-
ment outcomes. This review study also indicated 
inconclusive fi ndings regarding the relationship 
between late or concurrent neuropsychological 
assessment with employment outcomes. 
Consistent with this, Putnam and Fichtenberg 
[ 70 ] indicated that the predictive power of neuro-
psychological assessment attenuates as time 
increases between time of injury and time of neu-
ropsychological testing. They argued that com-
prehensive assessments, especially approximately 
1 month post-injury, are more informative than 
later assessments. 

 Demographic variables have also been associ-
ated with rates of returning to work post-TBI. 
Dikmen et al. [ 64 ] found that age, education, and 
pre-injury work history were predictive of post- 
injury employment. Specifi cally, they found that 
persons over age 50, persons with less than a high 
school education, and those with unstable work 
histories were less likely to return to work and if 
they did return, the time to do so was longer. 
Having no history of alcohol and drug abuse or 
premorbid psychiatric diagnosis has also been 
associated with more productive activity at 1 year 
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post-injury [ 71 ]. Lower scores on measures of 
productivity in community integration have been 
associated with older age, premorbid behavioral 
problems, less education, and being unmarried at 
the time of the injury [ 72 ]. 

 Unfortunately, the literature on return to work 
often consists exclusively of measurement of 
employment status, without further assessment 
of other job-related variables. Cifu et al. [ 66 ] 
argued that a measurement of percentage of 
employment among persons with TBI at various 
time points post-injury provides a distorted pic-
ture of the overall adjustment to employment 
among this group. The literature is lacking in 
description of job retention and changes in level 
of employment (e.g., less complex tasks, fewer 
responsibilities, fewer hours) [ 65 ]. However, sev-
eral studies have looked at job stability rates. For 
example, Machamer et al. [ 73 ] found that pre-
morbid characteristics, including extent of pre- 
injury work history and earnings, and lower 
neuropsychological functioning post-injury were 
signifi cantly related to diffi culty maintaining sta-
ble employment 3–5 years post-injury. In their 
study, 46 % of those who returned to work main-
tained stable, uninterrupted employment. 
Kreutzer et al. [ 74 ] also indicated relationships 
between demographic variables and stable 
employment after TBI, including minority status, 
marital status, and educational background. They 
also noted that driving independence was strongly 
related to post-injury work stability.  

    Independent Living and Community 
Integration Outcomes 

 Dikmen et al. [ 75 ] reported that 76 % of persons 
with TBI returned to independent living, in con-
trast to 93 % of trauma controls at 1 year post- 
injury. Again, increased injury severity (as 
measured by length of coma) was associated with 
reduced likelihood of returning to independent liv-
ing; specifi cally, the rates were 89 % for less than 
1 h and 1–24 h of coma, 74 % for 1–6 days, 49 % 
for 7–13 days, 55 % for 14–28 days, and 23 % for 
more than 29 days. Temkin et al. [ 65 ] noted that 
many persons with TBI who had previously lived 

independently resided with their parents for the 
fi rst few years post-injury. Hart et al. [ 76 ] reported 
that neuropsychological assessment, particularly 
of executive functioning, was predictive of need 
for supervision after TBI. 

 Social functioning and community integra-
tion are also often affected by moderate to severe 
TBI. Problems in these areas have been reported 
to be greater than those in basic ADLs at 1 year 
post- injury and also exhibit a dose–response 
relationship with injury severity [ 65 ,  77 ]. 
Participation in leisure activities also appears to 
be reduced among those with moderate to severe 
TBI, even many years post-injury [ 65 ]. Relative 
stability of social functioning, albeit lower than 
community norms, has been reported for at least 
5 years postrehabilitation. Evidence for some 
improvement in the subdomains of home inte-
gration and occupation was reported [ 78 ]. 
Female gender tended to predict better outcomes 
in community integration overall and specifi -
cally in home integration [ 72 ].  

    Life Satisfaction 

 Reductions in life satisfaction and quality of life 
post-TBI have also been reported [ 65 ]. A study 
examining changes in life satisfaction over time 
following TBI showed that a decline in the sec-
ond year postdischarge was followed by steady 
improvement. The authors reported that this pat-
tern could represent a “honeymoon period” in 
which persons with TBI do not fully appreciate 
the consequences of their injuries until sometime 
after discharge and then satisfaction increases as 
people begin to adapt and use accommodations 
for long-lasting sequelae [ 78 ]. Those who have 
better awareness of their defi cits secondary to 
TBI have been found to report less life satisfac-
tion as compared to persons with impaired 
awareness of defi cits [ 79 ]. Unlike other domains 
described in this section, life satisfaction does 
not appear to have a strong dose–response rela-
tionship with injury severity, with research 
showing either no effect [ 80 ] or increased life 
satisfaction with greater severity of injury [ 81 , 
 82 ]. Pierce and Hanks [ 83 ] reported that this 
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counterintuitive fi nding that enhanced life satis-
faction follows more severe injuries may be 
explained by oversensitivity to symptoms seen 
in persons with mild injuries. They found that 
the strongest predictor of life satisfaction was 
level of participation or extent of involvement in 
activities; execution and ability to do various 
activities was also predictive of satisfaction but 
to a lesser extent.   

    Psychological Sequelae of TBI 

 TBI has been associated with increased risk of 
psychological disorders, both organically and 
situationally, with regard to reactions to injury 
and disability. This section primarily focuses on 
organically based changes which may occur fol-
lowing moderate to severe TBI, with some high-
lights of other causes and rates of disorders. 
Possible biological causes for psychological 
changes following TBI include the possibility 
that hypoxia leads to the release of free radicals 
and excitotoxic neurotransmitters. Additionally, 
neurochemical changes can occur subsequent to 
TBI, including effects on norepinephrine, sero-
tonin, dopamine, and acetylcholine [ 84 ]. Anxiety 
and depression have been shown to have the 
strongest association with TBI and are perhaps 
the most commonly studied psychological 
changes. A meta-analysis by van Reekum et al. 
[ 85 ] revealed that the highest relative risks (RR) 
following TBI were for major depression (RR 
7.5), bipolar disorder (RR 5.3), anxiety disorders 
(RR 2.0), and panic disorder (RR 5.8). 
Interestingly, although there are many pharmaco-
logic approaches to dealing with these disorders 
in the medical and psychiatric literature, there are 
no approved medications for treating these disor-
ders in those with TBI and medications are used 
off-label. For a review see Waldron-Perrine, 
Hanks, and Perrine [ 86 ]. 

    Mood Disorders 

  Depression . Research has shown compelling 
evidence for TBI causing major depression [ 85 ]. 

Estimates for the occurrence of depression 
during the fi rst year post moderate to severe 
TBI range from 14 to 42 %; rates for future 
time points, up to 50 years post-injury, were 
11–61 %. The rates of moderate to severe 
depression as measured by the Center for 
Epidemiological Studies Depression Scale 
(CES-D) following complicated mild to severe 
TBI ranged from 31 % at 1 month to 17 % at 
3–5 years post-injury [ 87 ]. Major Depression 
occurred in 44.3 % of persons with TBI in the 
time up to 7.5 years post- injury [ 85 ]. These 
estimates are much higher than the lifetime 
prevalence of depression in the general commu-
nity [ 88 ]. Dikmen et al. [ 87 ] suggest that the 
elevated rates of depression post-TBI cannot be 
fully explained by the presence of somatic 
symptoms associated with brain injury, as 
depressed affect and lack of positive affect are 
also increased in persons with TBI. 

 The development of depression post-TBI is 
secondary to numerous factors, including pre-
morbid personality, psychiatric history, social 
support, reaction to injury and disability, and 
organic changes [ 85 ]. Dikmen et al. [ 87 ] reported 
that the rates of depression were largely unasso-
ciated with severity of the brain injury (e.g., com-
plicated mild, moderate, and severe). Increased 
depressive symptoms have, however, also been 
reported to be associated with less severe TBIs 
[ 85 ,  87 ]. Dikmen et al. [ 87 ] explain that the lit-
erature assessing the relationship between TBI 
severity and depression is mixed, likely because 
the relationship is complex and mediated by 
many factors, including awareness of defi cits, 
injury-related disabilities, etc. Symptoms of 
depression may increase as a person becomes 
more aware of his or her defi cits. Dikmen et al. 
[ 87 ] also found that premorbid factors, such as 
unstable work history, less than high school edu-
cation, and alcohol abuse, predicted the presence 
of depression after TBI. Premorbid psychiatric 
disorders may also contribute to post-TBI depres-
sion [ 89 ]. Research has generated mixed fi ndings 
for gender differences in the development of 
depression post-TBI, several showing no rela-
tionship [ 90 – 92 ] and some showing an increased 
risk for females [ 93 ,  94 ]. 
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 Robinson and Jorge [ 89 ] argue that although 
depression may be related to changes in social 
functioning, it is “not simply a psychological 
response to the severity of physical or intellectual 
impairment” (p. 237). Lesion location(s) and 
changes in neurotransmitters have been considered 
organic causes of depression post-TBI of moderate 
to severe severity [ 85 ,  95 – 97 ]. Associations 
between lesions in the left dorsolateral frontal cor-
tex, left basal ganglia, and to a lesser extent, right 
hemisphere and depression have been reported [ 78 , 
 97 ,  98 ]. Depressive symptoms post-TBI may also 
be related to hypometabolism in the lateral and dor-
sal frontal cortex, specifi cally the cingulate gyrus, 
and increased activation in the ventral limbic struc-
tures, such as the amygdala, medial thalamus, and 
prelimbic cortex [ 99 – 101 ]. 

 Although researchers have noted that our 
understanding of the neurobiological underpin-
nings of depression is limited, Rosenthal et al. 
[ 102 ] hypothesized that lesions/contusions to the 
frontal pole where noradrenergic and serotonergic 
projections enter the cortex could greatly disrupt 
cortical aminergic functions, possibly leading to 
depression. Kelly et al. [ 103 ] found that 18 % of 
persons with TBI had growth hormone defi ciency/
insuffi ciency at 6–9 months post-injury and also 
were 3.7 times more likely to report depression, 
suggesting a possible relationship between hor-
mone changes and depression subsequent to TBI. 

  Bipolar disorder . Bipolar affective disorder was 
present in 4.2 % of persons with TBI over 
7.5 years post-injury in the van Reekum et al. 
[ 85 ] meta-analysis, which is higher than the gen-
eral lifetime prevalence rate of 0.8 % [ 88 ]. Males 
were found to have an increased likelihood of 
bipolar or cyclothymia in a small sample size 
(e.g., 1 of 10 females and 4 of 8 males; [ 94 ]). 
Shukla et al. [ 104 ] found that 50 % of persons 
developing mania post-TBI also had seizures, 
suggesting a possible link of mania secondary to 
seizure. Pope et al. [ 105 ] reported that persons 
with mania post-TBI responded preferentially 
to valproate rather than the typical drug of 
choice, lithium, which further supports a sei-
zure hypothesis. Mania may also be associated 
with right hemisphere lesions, limbic system 

lesions [ 106 ], and temporal basal polar lesions [ 91 ]. 
Jorge et al. [ 91 ] reported that mania has not been 
associated with severity of TBI, level of cogni-
tive, physical, or social impairments, or personal/
familial history of psychiatric disorder.  

    Anxiety 

 Generalized anxiety disorder (GAD). In a meta- 
analysis, van Reekum et al. [ 85 ] reported that 
9.1 % of persons with TBI had GAD over the 
7.5 years post-injury. This is approximately two 
times the community prevalence rates. GAD is 
often comorbid with depression following TBI, 
just as it is in community samples [ 94 ]. 
Comorbid anxiety and depression were associ-
ated with a longer duration of mood disturbance 
as compared to non-anxious, depressed persons 
with TBI. Research has been mixed as to the 
 association between severity of injury and risk 
of GAD. Epstein and Ursano [ 107 ] described 
the interrelationships between anxiety and TBI 
as multifactorial, and at that time the relation-
ship to specifi c tissue damage was unclear; how-
ever, some studies have pointed to certain 
typical lesion occasions. Jorge et al. [ 91 ] 
reported that right hemisphere lesions were 
associated with anxious depression, and left 
anterior lesions were associated with major 
depression without anxiety. Right orbito-frontal 
lesions have also been associated with anxiety 
and depression [ 108 ]. 

  Posttraumatic stress disorder  (PTSD). PTSD was 
reported to occur in 14.1 % of a large sample in 
van Reekum’s [ 85 ] meta-analysis over 7.5 years 
post-TBI with a relative risk of 1.8. PTSD appears 
to be more common in persons with less severe 
TBI, as it is most likely that those with mild inju-
ries have memories related to their accident (e.g., 
motor vehicle accident, assault) whereas those 
with severe injuries are less likely to have any 
recall of these stressful events secondary to LOC 
or amnesia [ 109 ]. Among persons with mTBI 
who experienced acute stress disorder at 1 month 
post-injury, 82 % later developed PTSD, whereas 
it only occurred in 11 % of persons with mTBI 
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who did not have acute stress disorder [ 110 ]. 
Many persons who experience PTSD post-TBI 
have also suffered other physical traumas, which 
can also cause or contribute to PTSD [ 111 ]. In a 
small sample, Ohrey et al. [ 112 ] found higher 
rates of PTSD among females post-TBI. 

  Panic disorder . van Reekum et al. [ 85 ] reported that 
9.2 % of persons with TBI had panic disorder over 
the 7.5 years post-injury in a meta-analysis, which 
has a relative risk of approximately 5.8 as compared 
to the community prevalence rates. Typical neuro-
anatomical areas that have been implicated in panic 
attacks include orbitofrontal, cingulate, and medial 
temporal cortical areas, which are also frequent 
locations for TBI-related lesions [ 111 ]. Yet, as van 
Reekum et al. [ 85 ] notes, there is no available data 
at this point to support a pathophysiologic hypoth-
esis of panic disorder in TBI. 

  Obsessive compulsive disorder  (OCD). With 
regard to obsessive and compulsive symptoms, van 
Reekum [ 85 ] noted in the meta-analysis of articles 
spanning a 7.5 year period following TBI, 6.4 % of 
people had OCD, which indicates a relative risk of 
2.6 as compared to a community sample. It was 
thought that OCD associated with TBI may be rela-
tively brief and could be very effectively treated 
with antidepressants, as compared to the generally 
more chronic OCD [ 111 ,  113 ]. Based on available 
research, Kant et al. [ 114 ] have concluded that 
there is a possible causative involvement of the 
frontal systems impairment in developing OCD 
post-TBI. Drummond and Gravestock [ 115 ] have 
also suggested that the limbic system, which has 
been implicated as a checking system, may become 
oversensitive post-TBI. The organic relationship 
between TBI and OCD is yet unclear, but areas that 
may be implicated include damage to the right 
orbital cortex, right orbitofrontal cortex, frontal 
cortex, occipital cortex, basal ganglia (especially 
caudate), and the limbic system [ 111 ].  

    Personality Disorders 

 Several studies have reported an increase in rates 
of personality disorders following TBI [ 85 ,  116 ]. 

Koponen et al. [ 116 ] reported that roughly one 
third of persons with TBI in their sample had 
personality disorders, noting that personality dis-
orders are also prevalent in persons prone to TBI 
and may refl ect premorbid factors rather than post-
injury conditions exclusively. The specifi c diagno-
ses reported vary by research study, including 
avoidant, borderline, narcissistic [ 94 ], antisocial, 
and obsessive-compulsive [ 116 ]. Such authors 
have noted that changes in personality are likely 
more common than developing symptoms consis-
tent with an identifi ed personality disorder and that 
these changes are associated with damage or 
changes to subcortical and frontal systems [ 85 ]. 
Moreover, if one looks at the nature of the behav-
ioral disturbances after moderate to severe TBI, 
the clinical presentation is more refl ective of neu-
robehavioral disturbance rather than true personal-
ity change or personality disorder.  

    Schizophrenia and Psychosis 

 Schizophrenia has not been found to be strongly 
associated with TBI, with a minor, if any, relative 
risk of schizophrenia post-TBI, 0.5 as compared 
to community rates of 0.7 % [ 85 ]. Several authors 
have concluded that there is no evidence and that 
it is very unlikely that TBI causes or increases the 
risk of schizophrenia [ 85 ,  117 ,  118 ]. Mixed evi-
dence has been reported regarding a relationship 
between TBI before age 10 and increased risk of 
schizophrenia and/or earlier age of onset [ 117 , 
 119 ,  120 ]. Kim [ 118 ] explained that the research 
evidence provides contradictory results concern-
ing a possible stress-diathesis model in which 
TBI may affect the risk of expression of schizo-
phrenia in persons at risk for the disorder, high-
lighting the need for additional research to be 
conducted. 

 TBI has been associated with a small, but sig-
nifi cant, risk of non-schizophrenic psychosis that 
is unrelated to age of injury and family history 
[ 117 ]. This relationship could be related to pro-
dromal symptoms, such that preexisting cogni-
tive impairments or behaviors put persons with 
early psychotic or pre-schizophrenic symptoms 
at risk for TBI [ 118 ,  121 ].  
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    Substance Abuse Disorders 

 Although many individuals who sustain a brain 
injury may have been using substances at the 
time of their injury, and those with TBI who con-
sumed alcohol prior to their injuries drank at a 
higher rather than their peers [ 122 ], new onset 
substance abuse has not been strongly associated 
with TBI [ 85 ,  123 ]. Substance abuse is not 
uncommon post-TBI, but rates are typically 
lower than in the general community [ 85 ], 
although there is some literature to indicate that 
there is a signifi cant percentage of individuals 
who had premorbid histories of substance abuse 
that return to using at pre-injury levels relatively 
quickly [ 78 ]. Kreutzer et al. [ 124 ] reported that 
alcohol consumption was infrequent in the fi rst 
year post-TBI, but approximately 25 % of the 
sample increased consumption over the second 
year. Illicit drug use did not show the same 
increases over time and remained dramatically 
decreased relative to pre-injury rates [ 125 ]. 
Although there is evidence for infrequent new 
onset substance abuse post-TBI [ 123 ], some 
studies have shown that 15–20 % of abstinent or 
infrequent users of alcohol signifi cantly increased 
their consumption, such that they used substance 
abuse treatment or were considered moderate to 
heavy drinkers post-TBI [ 126 ,  127 ]. 

 With regard to the effects of substance abuse 
on outcomes, Carroll et al. [ 8 ] demonstrated that 
substance use was associated with worse out-
comes in persons with TBI. Interestingly, the 
effects of pre-injury substance abuse in those 
with TBI have been closely linked to reduced 
employment [ 128 ,  129 ] and lower reported sub-
jective well-being [ 82 ]. Persons with moderate to 
severe TBI who returned to work and were on 
average 16 months post-injury reported consum-
ing more alcohol than those who were unem-
ployed post-injury, which may be related to 
increased income to purchase alcohol and to use 
of alcohol as a coping strategy for increased 
work-related stress [ 130 ]. Additionally, higher 
risk of developing problematic alcohol consump-
tion post-injury has been associated with being 
male, being single or divorced, and less than high 
school education [ 131 ].   

    Mitigating Factors 

    Penetrating Head Injuries 

 Penetrating head injuries, often representing gun-
shot wounds (GSW), have been studied in com-
parison to closed head injuries (e.g., as the result 
of a motor vehicle collision). Survival rates of 
GSWs to the head are poor, with a majority of 
persons dying at the scene of the injury or within 
48 h [ 132 ]. For those who survive, having a GCS 
of less than eight has been associated with espe-
cially poor outcomes, such as death or severe 
injury [ 73 ]. For example, Selden et al. [ 133 ] 
reported that among 67 persons with self-infl icted 
GSWs, 98 % who had initial GCS scores of 8 or 
less died, whereas 91 % with GCS scores higher 
than eight survived. In a more recent study, 
Wertheimer et al. [ 67 ] reported that those who 
survived penetrating injuries, even with low ini-
tial GCS, showed improvement in functioning 
during rehabilitation. 

 Several predictors have been identifi ed for 
post-injury cognitive functioning, including 
brain-volume-loss, location of penetration, and 
pre-injury factors. Dikmen et al. [ 1 ] reported that 
total brain-volume loss was strongly associated 
with cognitive outcomes. Additionally, persons 
with penetrating injuries were at risk of acceler-
ated age-related changes. The location of the 
penetrating injury predicted the cognitive 
domains that were adversely affected, but was 
least predictive of post-injury intelligence. The 
authors reported that pre-injury intelligence and 
size of lesion were most predictive. 

 A body of research has provided evidence that 
the prognoses for penetrating head injuries are 
similar to those of motor vehicle-related injuries, 
if the individual survives the penetrating injury 
[ 134 ]. Severe injuries, whether penetrating or 
closed head, have been found to have similar 
courses of recovery in functional and psychoso-
cial domains [ 67 ]. Additionally, cognitive out-
comes at 12–14 years post-injury have also been 
found to be similar among Vietnam veterans with 
penetrating and non-penetrating injuries [ 135 ]. 
Ylioja et al. [ 136 ] reported a similar degree of 
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cognitive recovery and generally comparable 
cognitive sequelae at 1–2 years post-injury, even 
without accounting for injury location, noting a 
few differences in performance across cognitive 
domains. Specifi cally, those with penetrating 
TBIs were found to have better verbal learning 
and fi ne motor dexterity, but possibly worse 
attention within a few weeks after injury; at 
1–2 years post-injury, they again had better fi ne 
motor dexterity but worse verbal generativity. 
Attentional and verbal learning abilities were 
comparable at the follow-up assessments. 

 Some studies have, however, described statis-
tically worse outcomes, including decreased 
functionality, community integration, and 
employment, for violent injuries (e.g., penetrat-
ing and blunt head trauma) as compared to a non- 
violent comparison group (e.g., MVC) [ 137 , 
 138 ]. Wertheimer et al. [ 67 ] noted that although 
statistically signifi cant differences have been 
identifi ed, the actual differences were small and 
not clinically meaningful, which is consistent 
with the information noted above.  

    APOE-4 Allele 

 The presence of the APOE-4 allele has been stud-
ied in its relationship to TBI. Smith et al. [ 139 ] 
reported that among fatal cases of TBI, APOE4 
was associated with severe secondary ischemic 
brain damage and more frequent moderate to 
severe contusions. They have hypothesized that 
APOE4 may also be associated with worse initial 
severity, possibly affecting GCS scores. In a 
meta-analysis, Zhou et al. [ 140 ] found, however, 
that the APOE4 allele was not associated with 
initial TBI severity. The APOE4 allele was asso-
ciated with increased risk of worse outcomes at 6 
months post-injury in their meta-analysis. For 
example, in a prospective cohort study, Teasdale 
et al. [ 141 ] found that persons with TBI and the 
APOE4 allele were more than two times as likely 
to have poor outcomes (e.g., Glascow Outcome 
Scale) at 6 months. Possible mechanisms for this 
association have been hypothesized, including 
amyloid deposits, neurofi brillary tangles, oxidative 
stress, disruption of cholinergic transmission, and 
changes in CNS degeneration and regeneration; 

however, the mechanism behind this association 
is currently unknown [ 142 ]. In animal models 
of subarachnoid hemorrhage [ 143 ] and non-
penetrating brain injury [ 144 ], animals carrying 
APOE4 have more neuroinfl ammation, glial acti-
vation, and neuronal injury than those without. 
The literature is mixed in regard to the presence 
of differences in neuropsychological perfor-
mances among persons with and without the 
APOE4 allele after TBI [ 60 ,  145 – 148 ]. In sum-
mary, in individuals with moderate to severe TBI, 
there is some evidence that the presence of the 
APOE4 allele is associated with poorer outcome, 
but additional research needs to be conducted in 
order to elucidate the mechanisms and impact of 
functional outcomes.  

    Caregivers and Family Functioning 

 The outcomes of persons with TBI may be 
affected by the well-being of their caregivers and 
families. Among persons with moderate to 
severe TBI, outcomes, such as functionality, life 
satisfaction, and well-being, have been shown to 
be associated with characteristics of the care-
giver [ 149 ]. Specifi cally, caregivers’ level of dis-
tress and life satisfaction was predictive of 
functional outcome, even after controlling for 
severity of injury, age, education, and cognitive 
functioning of persons with TBI. Additionally, 
persons with TBI were found to be more dis-
tressed and less satisfi ed with life when their 
caregivers had less perceived support and greater 
behavioral dyscontrol in their families. 
Interestingly, the strongest individual predictor 
of emotional distress among persons with TBI 
was their caregivers’ level of emotional distress; 
likewise, the strongest predictor of life satisfac-
tion among persons with TBI was their caregiv-
ers’ perceived level of social support. Sady et al. 
[ 150 ] reported that better    outcomes in productiv-
ity and social integration were associated with 
more caregivers’ perceived social support among 
persons with severe TBIs. Among persons with 
complicated mild or moderate injuries, they 
found better social integration was associated 
with less caregiver distress, as well as more home 
integration with greater family functioning.  
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    Ethnicity and Minority Status 

 Ethnicity and minority status has been associated 
with poorer outcomes following TBI (for a review, 
see Gary et al. [ 151 ]). Specifi cally in regard to 
productivity and employment outcomes, ethnic 
minorities have been found to be twice as likely to 
be nonproductive or unemployed [ 152 ,  153 ]. 
Sherer et al. [ 152 ] reported that decreased produc-
tivity was found even after controlling for pre-
injury productivity, education, and cause of injury. 
These authors argued that race and ethnicity may 
be confounded with a number of factors such as 
access to and utilization of services making it 
impossible to determine the direct effect, if any, of 
race and ethnicity on outcome. 

 Sander et al. [ 154 ] also found that race/ethnic-
ity was related to reduced community integration 
even after accounting for age, education, injury 
severity, and income, such that African Americans 
and Hispanics had lower scores than Caucasians. 
Low income, however, was also found to be 
related to reduced aspects of community integra-
tion, above and beyond race/ethnicity. 

 Similarly, Arango-Lasprilla et al. [ 155 ] found 
worse functional outcomes at 1-year, as mea-
sured by the Disability Rating Scale (DRS), 
Functional Independence Measure (FIM), CIQ, 
and Extended Glasgow Outcome Scale (GOS-
E), post-injury for minority TBI survivors, even 
after controlling for sociodemographic and 
injury- related factors. They suggest these differ-
ences may be attributed to a direct or indirect 
result of therapy services which may be obtained 
with less frequency and lower intensity by per-
sons from minority groups. Burnett et al. [ 156 ] 
noted that minorities in their study received sig-
nifi cantly fewer minutes of therapies and less 
intense treatment as compared to those in the 
majority group. In contrast, Rosenthal et al. 
[ 157 ] did not fi nd signifi cant differences in 
functional outcomes associated with minority 
status at admission, discharge, or 1-year post-
injury assessments. 

 Regarding neuropsychological assessment 
outcomes, Kennepohl et al. [ 158 ] found that 
lower levels of acculturation were associated with 
reduced performances on neuropsychological 

tests among African Americans with TBI, even 
after controlling for demographic variables and 
injury characteristics. This study found that even 
orientation testing was affected by acculturation. 
As such, the consideration of cultural factors is 
indicated even in basic assessment.  

    Environmental Factors 

 Another mitigating infl uence on outcomes after 
TBI is environmental factors, such as access to 
care, neighborhoods, and transportation. These 
factors have the potential to facilitate or impede 
outcomes. The Craig Hospital Inventory of 
Environmental Factors (CHIEF) has been devel-
oped to assess the effects of perceived barriers 
[ 159 ]. Subdomains of the CHIEF include physical 
and structural barriers, attitudinal and support bar-
riers, barriers to services and assistance, policy 
barriers, and barriers at work and school. 
Whiteneck et al. [ 160 ] found that persons 1-year 
post-TBI reported that the fi ve barriers affecting 
them most were availability of transportation, situ-
ational environment (e.g., noise, lighting, crowd-
ing), government policies, the attitudes of others at 
home, and the natural environment. They also 
found that perception of more barriers was associ-
ated with reduced participation as measured by the 
CHART (e.g., mobility, productivity, mobility), as 
well as lower life satisfaction. 

 Corrigan and Bogner [ 161 ] found that neigh-
borhood of residence explained variance in over-
all outcome and satisfaction above and beyond 
individual characteristics. Findings regarding 
outcomes in various settings (e.g., rural vs. urban) 
have been variable (e.g., [ 162 – 165 ]). Corrigan 
and Bogner [ 161 ] suggested that this dichotomy 
is likely too broad and complex and, as a result, is 
a poor index of environmental infl uence. 

 Devitt et al. [ 72 ] reported that poorer access to 
transportation was predictive of reduced self-care 
and productivity/occupation outcomes. As men-
tioned previously, Kreutzer et al. [ 74 ] found that 
driving independence was strongly related to work 
stability after TBI. More research is needed to 
facilitate better understanding of the relationship 
between environmental factors and outcomes.  
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    Litigation and Financial Incentives 

 As mentioned in the introduction to this chapter, 
outcomes in TBI typically demonstrate a dose–
response relationship with more severe injuries 
resulting in more extensive impairments. It is 
noteworthy that an inverse dose–response rela-
tionship has been identifi ed as well, such that per-
sons with minor compensable injuries exhibit 
more “pseudo-abnormalities,” such as cognitive, 
motor, and postconcussion symptoms, than those 
with more severe injuries, especially when 
involved in litigation [ 152 ,  166 ,  167 ]. Carroll 
et al. [ 8 ] reported that compensation and/or litiga-
tion was the only consistent predictor of contin-
ued symptoms among those with mTBI in their 
meta-analysis. As discussed earlier, symptoms 
typically resolve quickly following mild injuries. 
Additionally, Paniak et al. [ 7 ] found that persons 
seeking compensation reported signifi cantly more 
symptoms than those uninvolved in that type of 
process. Greiffenstein and Baker [ 152 ] conclude 
that persistent postconcussive symptoms follow-
ing mTBI are strongly associated with simulation 
or exaggeration of symptoms, although this expla-
nation may not have been the initial cause of 
symptoms or the only reason for their continua-
tion (e.g., biopsychosocial factors). Binder and 
Rohling [ 166 ] reported that late onset of symp-
toms post-TBI was also much more likely among 
persons seeking compensation. Interestingly, they 
also found that persons with more mTBIs are 
more likely to seek monetary compensation for 
their injuries (e.g., workers’ compensation) than 
are those with moderate to severe TBIs. From 
their meta- analysis, they concluded that if fi nan-
cial incentives were eradicated, symptoms would 
be reduced or even eliminated among some peo-
ple with TBI. 

 Among persons with moderate to severe TBI, 
the effects of litigation on symptom reporting 
have been mixed. Tsanadis et al. [ 167 ] found that 
those involved in litigation reported more post-
concussion symptoms than did non-litigating 
individuals. In contrast, Wood and Rutterford 
[ 74 ] reported no difference in outcomes regard-
ing litigation status among people with more 
severe injuries.   

    Conclusion 

 Although outcome prediction is a challenging 
task in TBI rehabilitation, it is essential for plan-
ning current and long-term rehabilitation goals, 
identifying the necessity of future assistance and 
educating patients and families about possible 
long-term psychosocial changes. As has been dis-
cussed in this chapter, outcome prediction needs 
to take into account injury characteristics such as 
severity and etiology, but even more important are 
factors related to premorbid functioning, situa-
tional factors, emotional functioning, and care-
giver/family issues. Brain injury characteristics 
can be helpful in gauging needs for resources and 
treatment planning, especially when delineating 
needed services for those with mild versus moder-
ate or severe injuries, but these characteristics are 
only modestly related to many of the outcomes 
noted in this chapter. Instead, clinicians need to 
assess contextual factors, comorbidities, and even 
non-neurologic issues when developing plans for 
post-acute rehabilitation and contemplating out-
comes with medical professionals, family mem-
bers, and persons with TBI.     
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  Comprehensive neuropsychological evaluation will often not be the best 
approach to early assessments of persons with TBI on the inpatient acute 
care or rehabilitation unit. A number of key issues for such patients can be 
addressed with brief bedside evaluations. These issues include level of 
consciousness, posttraumatic confusion, language functioning, overall 
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           Brief Evaluations for Persons 
with TBI 

    Rationale for Brief Evaluations for 
Persons in Early Recovery from TBI 

 Neuropsychological assessment often involves 
assessment of a broad range of cognitive and 
emotional issues using multiple tests and ques-
tionnaires that require hours to administer. 
However, persons in early recovery from TBI are 
often unable to complete such extensive evalua-
tions. In addition, the critical clinical questions 
for such patients (e.g., is he/she aware of his/her 
surroundings; can he/she consistently indicate 
yes or no; is he/she oriented; is he/she depressed, 
etc.) may be answerable with much briefer 
assessments. Brief evaluations that address 
important clinical questions can inform patient 
care without overly fatiguing the patient or 
unduly interfering with the patient’s participation 
in rehabilitation therapies. These brief assess-
ments can contribute to many of the same goals 
as comprehensive assessments that are typically 
completed later in the course of recovery. These 
goals include feedback to family members, feed-
back to improve patient self-awareness, feedback 
to caregivers including guidance for treatment, 
documentation of the course of recovery and 
detection of unexpected worsening, assessment 
of effectiveness of medication and other interven-
tions, determination of decision making capacity, 
determination of safety judgment, and others [ 1 ].  

    Issues Assessed with Bedside 
Evaluations 

 Bedside evaluations are best suited to assess-
ment of high impact patient issues that have 
direct implications for patient management and/
or provide information that is important to the 
patient and caregivers. Such measures should be 
conducive to rapid and repeated administration 
at the bedside or in the therapy gym. While a 
large number of possible issues may be amena-
ble to bedside evaluation, this chapter will focus 

on (1) disorders of consciousness (DOC), (2) 
 posttraumatic confusion including constituent 
symptoms such as disorientation, restlessness 
(agitation), and impaired attentional functioning, 
(3) language abilities including yes/no respond-
ing, (4) cognitive abilities such as memory and 
reasoning that affect safely judgment and deci-
sion making capacity, and (5) emotional status. 

 The importance of these issues is largely self- 
evident. Accurate diagnosis of a patient’s level of 
consciousness can literally have life or death con-
sequences. Physicians and family members may 
be more likely to withhold heroic interventions 
from vegetative than from minimally conscious 
patients. Appropriate management for and inter-
actions with locked in or akinetic patients differ 
from vegetative or minimally conscious patients. 
For responsive but confused patients, assessment 
of recovery of orientation and resolution of rest-
lessness, cognitive impairment, and decreased 
level of arousal yields important information 
regarding the rate of recovery and likely out-
come. Since restlessness is a key issue in early 
patient management in the rehabilitation setting, 
it is important to be able to detect the effects of 
interventions intended to reduce agitation. 

 While persistent aphasia is not common fol-
lowing blunt head trauma, it does occur and, of 
course, it can certainly be present in patients with 
penetrating injuries. Confused patients may show 
language forms generally associated with aphasia 
such as paraphasias that resolve as their confu-
sion resolves. It is important for family members 
and clinicians alike to have an understanding of 
the patient’s ability to process and express lan-
guage. Structured assessments are crucial in this 
arena as even experienced clinicians may overes-
timate a patient’s language comprehension abil-
ity. This is especially common for patients who 
respond appropriately to social cues and nonver-
bals in casual interactions. It is of particular 
importance to have a careful assessment of the 
patient’s ability to give accurate yes/no responses 
as this is generally the initial manner in which the 
patient reports pain or expresses preferences such 
as the desire to go to the bathroom. 

 Early assessment of cognitive functioning 
should focus on ability to attend to nursing 
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and therapy interventions and ability to retain 
information such as safety instructions. These 
issues are crucial to ongoing patient manage-
ment. More detailed assessment of cognitive 
abilities can often wait to just before discharge or 
shortly after discharge when this information can 
inform supervision needs at home, therapy goals 
for outpatient cognitive rehabilitation services, 
and eventual plans for community activities such 
as driving, return to work, etc. 

 New onset of depression and anxiety is com-
mon after TBI. Often these disorders are mani-
fested during the post-acute period of recovery, 
but they may become evident during inpatient 
rehabilitation as well. Alternatively, some 
patients may have labile affect with episodes of 
crying that are thought by rehabilitation staff and 
family members to refl ect depression even though 
the patient remains confused and does not have 
the ability to consistently recall information 
regarding his or her current situation. In either 
case, early assessment of emotional function can 
provide important information to the family and 
rehabilitation team as well as guide interventions 
for the patient.  

    Characteristics of Useful Bedside 
Evaluations 

 There are a number of characteristics that are 
desirable in bedside evaluations. Ideally such 
assessments should be brief, taking no more than 
30 min of direct assessment time with the patient. 
Longer assessments may be overly taxing for 
many persons in early recovery from TBI and the 
time involved in obtaining the assessment will 
bump up against other clinical care that the 
patient is receiving. We have often encountered 
patients who fatigued within 5 min of initiation 
of an assessment. In such cases, performance can 
rapidly deteriorate so that the assessment reveals 
only that which was already known, that the 
patient fatigues rapidly. 

 Assessments should address issues of key 
importance to patient management and ongoing 
treatment. As noted above, rehabilitation care-
givers need to know if a patient can give reliable 

yes/no responses, can process and retain safety 
instructions, is imminently suicidal, etc. A detailed 
assessment of specifi c cognitive impairments 
such as executive functions can usually wait till 
a later point in recovery when this information 
may guide post-discharge planning. 

 Bedside assessments should be repeatable. 
Since a key goal of brief assessments is to docu-
ment the patient’s progress or detect an unexpected 
decline or leveling in recovery, these assessments 
may be repeated often. For many patients in early 
recovery who have not recovered the ability to 
consistently form and later recall new memories, 
repeating assessment of orientation or simple cog-
nitive abilities is not problematic. These patients 
are unlikely to show practice effects due to their 
continued anterograde amnesia. However, note 
that even patients who have not regained orienta-
tion can be sensitized by repeated questioning. 
Some patients become aware that they are not ori-
ented and may be irritated or embarrassed by 
repeated questioning. This diffi culty can usually 
be resolved by taking some time to talk with the 
patient to express interest and build rapport before 
launching into yet another barrage of questions 
about what day it is. 

 Bedside assessments should require few or no 
testing materials. If materials are required they 
should be compact. It is highly desirable that any 
required materials can be reproduced by drawing 
or listing them on a sheet of paper. While patients 
can and should be scheduled for these brief eval-
uations, the clinician often encounters a patient 
that he/she has wanted to assess serendipitously 
while on the unit to see another patient. If assess-
ment materials are not readily at hand, such 
opportunities may be missed resulting in lost 
information for the treatment team and lost time 
for the neuropsychologist.   

    Measures 

    Coma Recovery Scale-Revised [ 2 ] 

 (i)  Background and Purpose . The original Coma 
Recovery Scale (CRS) was published in 1991 by 
Giacino and colleagues [ 3 ] to detect and monitor 
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subtle but important neurobehavioral signs of 
conscious awareness in patients with DOC, spe-
cifi cally, coma, the vegetative state (VS), and the 
minimally conscious state (MCS). The original 
25-point scale was comprised of six subscales 
designed to assess arousal, auditory, visual, 
motor, oromotor-verbal, and communication 
functions. Indications for use were aimed at 
improving diagnostic accuracy and outcome pre-
diction, early identifi cation of medical complica-
tions, facilitating treatment planning, and 
monitoring treatment effectiveness. The CRS 
was revised in 2004 and re-named, the Coma 
Recovery Scale-Revised (CRS-R) [ 2 ]. The 
revised version consists of 23 hierarchically 
arranged items organized into six subscales 
designed to assess audition, receptive and expres-
sive language, visuoperception, communication 
ability, motor functions, and arousal level. 
Modifi cations to the original scale were prompted 
by new developments in the diagnostic criteria 
for DOC [ 4 ], the results of a Rasch analysis [ 5 ] 
completed in 2000, and feedback from clinicians 
and researchers. The psychometric integrity of 
the CRS-R has been extensively investigated and 
shown to be a valid, reliable, and clinically useful 
measurement tool for aiding differential diagno-
sis, monitoring recovery of consciousness, and 
evaluating response to treatment (see below for 
further discussion of the psychometric proper-
ties) [ 2 ,  6 – 8 ]. The scale is currently available 
in 13 languages, including English, Italian, 
French, German, Dutch, Spanish, Portuguese, 
Swedish, Norwegian, Danish, Greek, Chinese, 
and Korean. The DOC Task Force of the 
American Congress of Rehabilitation Medicine 
recommended the CRS-R with “minor reserva-
tions” for use in clinical practice and it was 
selected as the measure of choice for monitoring 
recovery of consciousness in TBI research by the 
Traumatic Brain Injury Common Data Elements 
(CDE) consortium, cosponsored by the National 
Institute of Neurological Disorders and Stroke 
(NINDS), Defense Centers of Excellence for 
Psychological Health and Traumatic Brain Injury, 
U.S. Department of Veterans Affairs and the 
National Institute on Disability and Rehabilitation 
Research [ 9 ]. 

 (ii)  Administration and Scoring . The CRS-R 
Administration and Scoring Manual provides 
specifi c instructions for administering the 23 
items on the scale and offers operational defi ni-
tions for scorable behavioral responses. The 
examination is comprised of a brief baseline 
observation period, assessment of brain stem 
refl exes, an Arousal Facilitation Protocol (AFP), 
and administration of the six CRS-R subscales. 
The baseline observation period is conducted to 
document the nature and frequency of behaviors 
that occur at “rest.” These fi ndings are used to help 
determine whether specifi c behaviors observed 
during assessment of command- following repre-
sent volitional responses or episodes of random 
movement. Brain stem refl exes are assessed for 
prognostic purposes and to assist with interpreta-
tion of responses to specifi c items on the CRS-R 
subscales. For example, on the Visual Subscale, 
the inability to elicit visual pursuit may be sec-
ondary to cranial nerve injury and unrelated to 
level of consciousness. The AFP is administered 
at the outset of the examination when patients 
appear sleepy or underaroused. Deep pressure is 
applied to specifi c muscle groups, particularly 
those linked to the vestibular system (e.g., sterno-
cleidomastoid, trapezius), to increase alertness. 
CRS-R subscale items are administered in the 
order they appear on the Record Form. Each sub-
scale is structured so that items representing the 
most complex behaviors are administered fi rst 
and are assigned the highest score. The remain-
ing subscale items refl ect progressively decreas-
ing levels of neurologic function and are assigned 
lower scores, accordingly. When an item is 
scored positively (i.e., the behavior observed 
meets the specifi ed response criteria), the exam-
iner proceeds to the next subscale, avoiding the 
need to administer lower-level items requiring 
more intrusive stimulation (e.g., application of 
noxious stimulation). 

 The fi rst CRS-R subscale administered is the 
Auditory subscale. This 4-item subscale assesses 
language comprehension at the upper limit (i.e., 
consistent or reproducible command-following), 
and the ability to detect sound at the lower limit 
(i.e., localization, startle). The 5-item Visual 
subscale examines visuoperceptual functions, 
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including the ability to recognize and localize 
objects in space, visual pursuit, sustained fi xa-
tion, and response to visual threat. The 6-item 
Motor subscale tests instrumental praxis (i.e., 
functional object use), purposeful movement 
(i.e., automatic motor responses, object manipu-
lation), and response to noxious stimulation (i.e., 
localization, fl exion withdrawal, abnormal pos-
turing). The 3-item Oromotor/Verbal subscale 
extracts evidence of intelligible speech, unintel-
ligible vocalization (and other forms of active 
oral movement), and oral refl exive movement. 
The 2-item Communication subscale uses a 
series of standardized personal and situational 
orientation questions to elicit discernible verbal 
or gestural yes–no responses. Communicative 
responses are characterized as “functional” if 
they are consistently accurate and “nonfunc-
tional” if they are recognizable but inaccurate. 
The 3-item Arousal subscale assesses level of 
alertness and ability to sustain attention. 
Attention is assessed by counting the number of 
times the patient fails to respond to a verbal 
prompt over the course of the examination (cut-
off = 3). Response accuracy is not considered in 
scoring this item. Level of alertness is ascer-
tained by monitoring for episodes of sustained 
eyelid closure that occur  during  the examination 
(i.e., sustained eye-opening with or without 
stimulation). The CRS-R also includes a supple-
mentary item designed to capture behaviors that 
occur in response to a specifi c triggering stimu-
lus (e.g., smiling, crying when presented with a 
family photo). This item is not scored but can be 
used to detect non-refl exive behaviors that occur 
in contingent relation to specifi c environmental 
events, one of the diagnostic criteria associated 
with the MCS. Subscale scores are summed to 
obtain a total score ranging between 0 and 23. 

 Subscale scores are recorded on the CRS-R 
Record Form along with the total score. The 
CRS-R total scores can also be entered on the 
CRS-R Progress Tracking Chart, which provides 
information concerning the trajectory and rate of 
recovery. CRS-R items that correspond to spe-
cifi c diagnostic criteria for MCS and emergence 
from MCS are denoted with an asterisk or a 
cross, respectively. The diagnostic impression, 

 therefore, is based on the profi le of scores 
attained on the six subscales. Figure  1  shows the 
trajectory of change in CRS-R total (Panel A) 
and subscale (Panel B) scores for a patient with 
disturbance in consciousness who was eventually 
found to have underlying aphasia. Administration 
time for the CRS-R ranges from 15 to 30 min, 
depending on the patient’s level of conscious-
ness. The CRS-R Administration and Scoring 
Manual and other relevant information can be 
found online at the following websites:
•     National Institute on Neurologic Disorders 

and Stroke—TBI CDE:   www.commonda-
taelements.ninds.nih.gov      

•   Center for Outcome Measurement in Brain 
Injury:   www.COMBI.org      

•   Spaulding-Harvard TBI Model System 
Program:   www.SH-TBIMS.org      

•   A training DVD is available by request at the 
following website sponsored by the Coma 
Science Group:   www.coma.ulg.ac.be        

 (iii)  Recommendations for Use in Clinical Care . 
The CRS-R has been widely used in both clinical 
practice and research. In the clinical domain, com-
mon indications include differential diagnosis 
(e.g., Is the patient in a vegetative or MCS?), 
establishing prognosis (e.g., Is the rate of recovery 
above or below average for patients with DOC?), 
gauging functional outcome (e.g., Is the patient 
able to communicate reliably?), treatment plan-
ning (e.g., Are yes–no responses consistent enough 
to support use of an augmentative communication 
system?), and assessing response to treatment 
(e.g., Did the frequency/accuracy of command-
following improve following introduction of a 
neurostimulant?). In research applications, the 
CRS-R has served as a prognostic indicator in out-
come prediction studies [ 2 ,  7 ], as an outcome 
 measure in clinical trials [ 10 ,  11 ], and as a refer-
ence standard in diagnostic neuroimaging and 
electrophysiology validation studies [ 12 – 14 ]. 

 The CRS-R is the only standardized neurobe-
havioral assessment instrument that directly 
incorporates all of the diagnostic criteria required 
to distinguish VS from MCS, and MCS from 
emergence from MCS [ 6 ]. There is evidence that 
this feature improves diagnostic sensitivity as the 
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scale has been shown to outperform clinician 
consensus in detecting signs of MCS [ 7 ]. 

 Serial CRS-R assessments may also alert the 
examiner to subclinical changes in medical sta-
tus. For example, a sharp decrease in the total 
CRS-R score may signal the onset of occult ill-
ness. We have observed situations in which the 
total CRS-R score has precipitously declined by 

more than fi ve points prior to detection of sys-
temic infection. Conversely, we have had cases in 
which a chronically low CRS-R total score (i.e., 
<10) demonstrates a sharp increase after initiat-
ing antibiotics for suspected respiratory illness. 
The rate of recovery, as refl ected by the change in 
the total CRS-R score over a 4-week period (e.g., 
week 4–week 1), can also help predict outcome 
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  Fig. 1    Trajectory of patient performance on the CRS-R 
across a 10-week course of inpatient rehabilitation. Panel 
A shows the change in total CRS-R scores over time. 
During weeks 1 and 2, scores consistently remained in the 
vegetative range. In week 3, the total score sharply 
increased and then slowly transitioned into the MCS 
range during weeks 4 through 6. Although variable, the 
total score progressively improved through week 8 and 
was near ceiling, signaling emergence from MCS. Panel 
B compares recovery curves across the six CRS-R sub-
scales. In week 3, a marked disparity emerged between 
motor ( triangles ) and language ( diamonds , x’s and  aster-
isks ) performance. Despite the absence of any evidence of 
language comprehension or expression during weeks 4–6 
(Auditory subscale scores <3; Oromotor- Verbal subscale 
scores <3; Communication subscale scores <2), there was 

clear and consistent evidence of complex automatic motor 
behavior (Motor subscale scores >4), including picking 
up objects and returning social gestures. This pattern of 
fi ndings raised the possibility that an underlying aphasia 
may have been contributing to the absence of command- 
following and expressive speech. Following week 7, 
reproducible command-following was noted (Auditory 
subscale = 3), providing some evidence of language com-
prehension. During week 8, functional object use was 
demonstrated indicating emergence from MCS, however, 
command-following remained inconsistent, yes–no com-
munication attempts remained unreliable and paraphasic 
verbalizations were noted. Taken together, the early dis-
sociation between language and motor performance was 
likely related to an underlying aphasia       
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and disposition needs (e.g., outpatient program, 
inpatient rehabilitation hospital, skilled nursing 
facility). 

 (iv)  Key Research . Psychometric Properties: The 
psychometric properties of the CRS-R have been 
extensively studied by investigators in the U.S. and 
Europe. In their 2004 standardization study, 
Giacino and colleagues administered the CRS-R to 
80 patients, all of whom were unable to follow 
commands or communicate reliably [ 2 ]. Inter-rater 
reliability was high for the total CRS-R score, 
high for the auditory, motor, oromotor/verbal, 
and communication subscale scores, and moder-
ate for the visual subscale. Similarly, test- retest 
reliability was high for the total score, and for the 
auditory, motor, communication, and visual sub-
scale scores. Tests of internal consistency showed 
a signifi cant relationship between the total 
CRS-R score and individual subscale scores, dem-
onstrating the measure’s homogeneity. Subscale 
inter-correlations were moderate with the excep-
tion of a low inter-correlation between the visual 
and oromotor/verbal subscale. The CRS-R also 
showed adequate concurrent validity with the original 
version of the CRS and with the DRS. In a separate 
analysis of 20 subjects focusing on diagnostic 
agreement, inter- rater agreement for diagnosis was 
consistent in 16 of 20 cases assessed by two differ-
ent examiners on the same day, and diagnosis 
remained stable across two examinations com-
pleted by the same examiner on consecutive days 
(i.e.,  test- retest reliability) in 18 out of 20 cases. 

 In 2010, an expert panel was convened by the 
American Congress of Rehabilitation Medicine 
to conduct a systematic review of the literature on 
the psychometric properties of behavioral rating 
scales designed for patients with DOC [ 6 ]. The 
review found the standardized administration, 
scoring and interpretive guidelines user-friendly 
and the psychometric properties (i.e., construct 
validity, internal consistency, inter-rater reliabil-
ity, test-retest reliability) robust. The CRS-R was 
the only measure of the 13 scales examined to be 
recommended with “minor” reservations for use 
in patients with DOC. 

 Employing an Italian version of the CRS-R, 
Sacco and colleagues found good inter-rater and 

test-retest reliability for both total and subscale 
scores when experienced raters administered the 
scale [ 15 ]. A Norwegian study completed by 
Løvstad and colleagues explored the infl uence of 
rater experience on the reliability and diagnostic 
validity of the CRS-R. Raters from six different 
hospitals with three levels of experience estab-
lished a diagnosis after independently adminis-
tering and scoring the CRS-R twice over 3 days. 
Results again showed adequate reliability and 
validity; however, more experienced raters were 
more accurate in distinguishing VS and MCS 
than less experienced raters [ 8 ]. Inter-rater reli-
ability for CRS-R scores was greater when highly 
experienced raters were paired with moderately 
experienced raters than when highly experienced 
raters were paired with newly trained raters. Test- 
retest reliability was greater among moderately 
experienced raters relative to newly trained rat-
ers, and there were no signifi cant correlations in 
scores between the newly trained raters. 
Regarding diagnostic agreement, inter-rater and 
test-retest reliability were better among highly 
experienced raters than among less experienced 
raters    (e.g., test-retest: 88 % for highly and 
moderately experienced raters vs. 50 % agree-
ment between highly experienced and newly 
trained raters). 

 Schnakers et al. investigated the psychometric 
properties of a French translation of the CRS-R 
in a cohort of patients in VS and MCS [ 16 ]. Inter- 
rater and test-retest reliability were found to be 
satisfactory, and validity analyses showed signifi -
cant correlations between total scores on the 
French CRS-R and scores on three other mea-
sures of level of consciousness—the Glasgow 
Coma Scale, Full Outline of UnResponsiveness, 
and Wessex Head Injury Matrix. The authors also 
found strong diagnostic agreement between 
 raters. A fourth validation study conducted by 
Simões et al. using a Portuguese version of the 
CRS-R showed high inter-rater and test-retest 
reliability for both the total score and the six sub-
scale scores [ 17 ]. 

 A recently-published study by La Porta and 
colleagues in Italy applied Rasch analysis to fur-
ther explore the measurement properties of the 
CRS-R [ 18 ]. Rasch analysis iteratively examines 
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the underlying constructs assessed by rating scales 
and determines the “fi t” between the individual 
items and the scale in its entirety. Scales with 
high degrees of “fi t” are capable of interval 
measurement, allowing the examiner to gauge 
the distance between items using a measurement 
constant referred to as a “logit.” Within and 
between-subject comparisons can also be per-
formed. La Porta, et al. collected CRS-R data 
from 129 participants across fi ve hospitals using 
an Italian translation of the scale. Twelve experi-
enced raters administered the CRS-R twice per 
patient extracting a total of 258 scores. Rasch 
analysis demonstrated excellent internal con-
struct validity and satisfi ed all the principles 
required for interval measurement. The ordering 
of the scoring categories for the six subscales 
remained stable across different settings and rat-
ers with variable levels of experience, and scores 
were invariant regardless of the length of time 
post-injury, setting, age, or sex of the patients. 
The authors concluded that the CRS-R provides a 
linear measure of ability and, thus, is appropriate 
for use at the level of the individual patient.   

    Clinical Applications 

    Differential Diagnosis 

 Giacino et al. compared the CRS-R to the DRS in 
differentiating MCS from VS in a subsample of 
subjects included in their 2004 standardization 
study [ 2 ]. While the rate of diagnostic agreement 
between the CRS-R and the DRS was 87.5 %, the 
CRS-R detected evidence of conscious aware-
ness in 10 cases (of 80) in which the DRS yielded 
a diagnosis of VS. Most of the cases missed by 
the DRS demonstrated evidence of visual pursuit 
on the CRS-R, a key diagnostic criterion not 
investigated by the DRS. 

 In 2009, Schnakers et al. compared diagno-
ses established by the CRS-R with those made 
based on clinical consensus of the rehabilitation 
team [ 7 ]. Data were collected from 103 patients 
with mixed injury etiologies who were fol-
lowed by specialized neurorehabilitation teams. 

The investigators reported that 41 % of patients 
diagnosed with VS by team consensus (via quali-
tative observational assessment) had at least one 
sign of conscious awareness based on CRS-R 
examination. Similarly, 10 % of patients diag-
nosed with MCS by team consensus met criteria 
for emergence from MCS when examined with 
the CRS- R. Failure to detect purposeful eye 
movements accounted for most of the cases 
missed by simple observational assessment. 

 The CRS-R includes an unscored supplemen-
tary scale designed to detect behaviors that occur 
selectively in response to specifi c stimuli as this 
type of contingent relationship between a trigger-
ing stimulus and a specifi c response is associated 
with conscious awareness. Formisano et al. intro-
duced the Post-Coma Scale (PCS) to incorporate 
emotional responsiveness into the assessment of 
patients with DOC [ 19 ]. The PCS seeks to sup-
plement the assessment of features of MCS by 
incorporating a measure of emotional respon-
siveness. In this study, patients were diagnosed 
based on scores on the CRS-R and the PCS, both 
of which were administered by a single profes-
sional or by a professional in the presence of a 
caregiver. Results showed a signifi cant positive 
correlation between PCS and CRS-R scores. Of 
note, patients at higher levels of consciousness 
demonstrated more emotional responsiveness. In 
addition, patients scored higher on both the 
CRS-R and PCS when caregivers were present 
during the exam, suggesting that the presence of 
caregivers may induce suffi cient emotional stim-
ulation to drive volitional behaviors.  

    Outcome Assessment 

 The CRS-R can be used to assess outcome either 
by monitoring “difference scores” (i.e., change 
in total score from time 1 to time 2) or by track-
ing changes in diagnosis (e.g., transition from 
VS to MCS or MCS to confusional state). 
Diagnosis has been shown to be of prognostic 
importance, as patients in MCS generally have 
more favorable outcomes than those in VS after 
controlling for chronicity. Katz and coworkers 

M. Sherer et al.



57

retrospectively examined the recovery trajecto-
ries of 36 patients diagnosed with VS or MCS on 
the CRS-R at admission to rehabilitation [ 20 ]. 
Patients were evaluated across the inpatient 
rehabilitation course and followed at least once 
between 1 and 4 years post-injury. Of the 11 
patients admitted with a diagnosis of VS, 8 tran-
sitioned to MCS after spending an average of 8 
weeks in VS. Approximately 70 % of patients 
admitted to rehabilitation in either VS or MCS 
emerged from MCS. However, when patients 
were segregated by admitting diagnosis (VS vs. 
MCS), almost twice as many patients in MCS 
emerged (80 %) relative to those in VS (45 %). 

 Noé et al. prospectively followed 32 patients 
with DOC on the CRS-R for at least 6 months or 
until emergence from MCS [ 21 ]. Approximately 
25 % of the sample emerged from MCS within 6 
months of injury. The rate of emergence was 
higher in the group admitted in MCS (35 % vs. 
8 %). MCS subjects who did not emerge after the 
6 month follow-up period ( n  = 13) were reas-
sessed an average of 15 months after injury. No 
signifi cant changes in neurological status were 
observed in any of the subjects followed. 

 Estraneo and colleagues employed the CRS-R 
to prospectively monitor outcome in 50 patients 
who remained in VS for at least 6 months after 
severe acquired brain injury. Patients were fol-
lowed for an average of 26 months after injury 
[ 22 ]. At the fi nal follow-up, 24 % had transi-
tioned to MCS and, of these, 20 % recovered con-
sciousness after 12 months post-injury. Six of the 
10 patients who recovered consciousness late did 
so between 18 and 26 months post-injury. Of 
note, four patients in non-traumatic VS (three 
with anoxia and one with hemorrhagic stroke) 
recovered signs of consciousness on the CRS-R 
well beyond the 3-month cutoff established for 
“permanent VS” by the Multi-Society Task Force 
on PVS [ 23 ].  

    Monitoring Treatment Effectiveness 

 The standardized administration format and 
quantitative approach to assessment championed 

by the CRS-R suggest it is a suitable instrument 
for monitoring the effectiveness of treatment 
interventions applied in patients with DOC. 
The CRS-R has been used to monitor rate of 
recovery in patients diagnosed with VS and MCS 
who were exposed to amantadine hydrochloride 
vs. placebo [ 10 ] and to detect changes in alert-
ness, motor function, and communication ability 
in a patient with chronic posttraumatic MCS 
following deep brain stimulation of the central 
thalamus [ 11 ]. 

 The CRS-R has also been used in program 
evaluation. Seel et al. employed the CRS-R to 
investigate the effectiveness of a specialized early 
neurorehabilitation program for patients with 
DOC [ 24 ]. The investigators found that patients 
improved from admission to discharge on all six 
subscales of the CRS-R and 53 % had emerged 
from MCS by discharge.  

    Use of the CRS-R as a Reference 
Standard 

 In view of the absence of a gold standard for 
detection of conscious awareness, investigators 
have employed the CRS-R as a “reference stan-
dard” to compare the results of neuroimaging and 
electrophysiologic, behavioral studies. Rodriguez-
Moreno and colleagues developed an fMRI para-
digm in which ten subjects diagnosed with VS, 
MCS, EMCS, or Locked-In Syndrome (LIS) 
were shown pictures of common objects and 
instructed to silently name each object presented 
[ 14 ]. The authors found that the degree of activa-
tion of the language network observed during the 
task correlated with the subjects’ CRS-R score, 
and that activation patterns in subjects who 
attained high CRS-R scores (i.e., LIS, EMCS) 
approximated healthy controls while those with 
low CRS-R scores showed little to no activation. 

 Similarly, a series of recent studies have shown 
that CRS-R total scores correlate with metabolic 
activity in critical cortical networks [ 25 – 27 ]. 
Total CRS-R scores have been found to be higher 
in patients who retain activity in frontoparietal 
midline structures thought to mediate internal, 
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stimulus-independent “self” consciousness [ 25 , 
 28 ], while scores on the Auditory, Oromotor-
Verbal and Communication subscales have been 
shown to be lower in patients with metabolic dys-
function in the dominant language hemisphere 
[ 26 ] and with white matter connectivity measured 
with diffusion tensor imaging [ 29 ]. 

 Bekinschtein and others explored the relation-
ship between level of consciousness and electro-
myographic (EMG) changes in response to 
movement commands presented to ten patients 
diagnosed with VS or MCS on the CRS-R [ 30 ]. 
Subjects received verbal commands to move their 
right or left hands or to remain still while EMG 
and video recordings monitored spontaneous 
muscle activity. Two patients (one MCS and one 
VS) who failed to produce any observable motor 
activity showed signifi cantly more EMG activity 
following administration of the movement com-
mand than when instructed to simply rest. These 
fi ndings suggest that bedside EMG monitoring 
may improve diagnostic accuracy in patients who 
evidence little to no active movement. 

 Electrophsiologic studies employing the 
CRS-R have shown that measures of EEG 
entropy in the left frontotemporal region corre-
late with CRS-R scores obtained in the acute 
but not chronic stage of recovery [ 12 ] and with 
resting state EEG measures of cortical connec-
tivity [ 31 ]. 

 Recent experimental studies have demon-
strated an association between cortical excitabil-
ity induced by transcranial magnetic stimulation 
(TMS) and level of consciousness gauged by the 
CRS-R. Lapitskaya and colleagues found a sig-
nifi cant correlation between short-latency affer-
ent inhibition values and CRS-R scores in 47 
patients with DOC (24 VS and 23 MCS) and 14 
healthy controls [ 32 ]. Similarly, Casali et al. 
found a graded relationship between CRS-R total 
scores and the duration and complexity of EEG 
activity induced by TMS pulses in patients diag-
nosed with coma, VS, MCS, emergence from 
MCS, and LIS [ 33 ]. Using the CRS-R as a bench-
mark, the investigators were able to distinguish 
all subjects who were alert from those who were 
completely unconscious based on the complexity 
of the EEG signal.  

    Confusion Assessment Protocol [ 34 ] 

 (i)  Background and Purpose . TBI is synonymous 
with disordered consciousness. Persons with 
severe injuries have a period of complete loss of 
consciousness called coma that persists for hours 
after the injury. Persons who survive severe TBI 
generally recover to a state of, at least, partial 
consciousness, though a few remain in an uncon-
scious, vegetative state. Persons with moderate 
injuries have briefer periods of unconsciousness, 
and have, by defi nition, recovered partial con-
sciousness by the time of presentation to the 
emergency department. Persons with mild TBI 
often have no period of complete loss of con-
sciousness, but rather have a period of altered 
consciousness that is characterized by inability to 
form and later recall new memories. For patients 
who have recovered the ability to respond to the 
environment in a relatively consistent, meaning-
ful way, the next period of recovery is character-
ized by confusion [ 35 ]. Some refer to this 
confusional state as delirium and yet others use 
the term posttraumatic encephalopathy. We pre-
fer the term posttraumatic confusional state 
(PTCS). While PTCS is a subtype of delirium, 
delirium can be caused by a wide range of medical 
conditions ranging from substance withdrawal to 
end-stage organ failure. The courses, prognoses, 
and likely underlying neuropathologies of these 
diverse conditions vary greatly making delirium 
an imprecise term [ 36 ]. Posttraumatic encepha-
lopathy is a similarly imprecise term as encepha-
lopathy refers to any disease or disruption of 
brain function. 

 Our research and clinical experience indicate 
that PTCS is likely ubiquitous in moderate and 
severe TBI. Persons with mild TBI may not show 
a full confusional state though many do. PTCS is 
characterized by disorientation, cognitive impair-
ment, fl uctuation in presentation, agitation, 
decreased daytime arousal, nighttime sleep distur-
bance, and psychotic-type symptoms [ 34 ]. Our 
research has shown that assessment of PTCS 
informs judgments about long-term prognosis 
and that PTCS is characterized by a particular pat-
tern of recovery with decreased daytime arousal, 
nighttime sleep disturbance, and psychotic- type 

M. Sherer et al.



59

symptoms recovering earliest post-injury and 
fl uctuation and cognitive impairment persisting 
longest post-injury [ 37 ]. 

 PTCS has clear implications for early clinical 
management including rehabilitation. Confused 
patients pose increased risk of injury to self and 
others. Confusional states are associated with 
increased duration and cost of care [ 38 ]. 
Confused patients have poorer cooperation with 
therapy activities. Family members/signifi cant 
others are distressed to see their loved ones con-
fused and may over-interpret words and actions 
that fl ow from this confusion. The Confusion 
Assessment Protocol (CAP) [ 34 ] was developed 
to provide a standardized procedure for diagnos-
ing persons as confused or non-confused and to 
facilitate serial tracking of patient recovery over 
time. The CAP was designed to be easy to admin-
ister, score, and interpret. 

 (ii)  Administration and Scoring . The CAP is a 
collection of scales and items developed by a 
number of TBI researchers. These scales and 
items were selected for inclusion in the CAP 
based on their ability to distinguish patients who 
met diagnostic criteria for delirium for those who 
did not and based on coverage of the seven key 
symptoms of PTCS identifi ed by the authors of 
the CAP. In developing the CAP, new scoring 
rules were created for some of the items, some 
items were modifi ed, and a methodology was 
created for combining scores from items to deter-
mine whether a patient is confused or not. 

 Cognitive impairment and orientation are 
measured with performance measures. Cognitive 
impairment is measured by items taken from the 
Cognitive Test of Delirium [ 39 ] and the Toronto 
Test of Acute Recovery after TBI [ 35 ]. These 
items measure basic attentional and mental con-
trol functions. Patients are asked to count to 20 
forwards and backwards and recite the months 
forwards and backwards. On a simple vigilance 
task, patients indicate when a target letter is spo-
ken and inhibit any response to non-target letters. 
Patients also answer simple reasoning questions. 
Finally, patients are shown fi ve pictures that they 
must identify from a fi eld of ten pictures after a 
delay. In selecting these items, the authors found 

that more demanding tasks such as word list 
learning were failed by virtually all persons in 
early recovery from TBI so that such items did 
not assist in distinguishing confused patients 
from non-confused patients. 

 Orientation is assessed using the Galveston 
Orientation and Amnesia Test [ 40 ]. This test 
requires the patient to give personal information 
(name, date of birth, residence), current circum-
stances (current location, date of admission to the 
hospital, means of conveyance to the hospital), 
fi rst memory after injury, last memory before 
injury, time, day, and date. 

 Agitation, fl uctuation, nighttime sleep dis-
turbance, decreased daytime arousal, and 
psychotic- type symptoms are rated using scales 
or items selected from scales. Ratings for each 
of these symptoms are based on observations 
over a 24 h period. The rater should base these 
scores on his/her own interactions with the 
patient as well as reports from nurses, thera-
pists, family members, and others are appropri-
ate. Agitation is measured with the Agitated 
Behavior Scale [ 41 ]. Fluctuation and psychotic-
type symptoms are measured using items from 
the Delirium Rating Scale-R-98 [ 42 ]. An item 
from the Delirium Rating Scale-R-98 was mod-
ifi ed to measure nighttime sleep disturbance 
and a new item was created to assess decreased 
daytime arousal. 

 Once measures are administered and scales 
rated, performances are classifi ed as consistent 
with confusion or not consistent with confusion 
based on scoring criteria developed by the authors 
of the CAP. Persons with four or more symptoms 
consistent with confusion are in PTCS and per-
sons with three symptoms consistent with confu-
sion are in PTCS if one of these symptoms is 
disorientation. All others are not in PTCS. 
Confused patients with three or four symptoms 
of confusion are in mild confusion, those with 
fi ve symptoms are in moderate confusion, and 
those with six or seven symptoms are in severe 
confusion. CAP forms and other information can 
be downloaded at   http://www.tbims.org/combi/
cap/index.html     and additional information on the 
CAP can be obtained by contacting Mark Sherer 
at   Mark.Sherer@memorialhermann.org    . 
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 (iii)  Recommendations for Use in Clinical Care . 
On the inpatient neurorehabilitation unit, we rec-
ommend that all patients with TBI who are not in 
vegetative or MCSs at admission are assessed with 
the CAP on the day after admission. We fi nd that 
some patients are so fatigued by the transfer pro-
cess that fi ndings from assessments on the day of 
admission may be misleading. The CAP should be 
implemented with initially vegetative or minimally 
conscious patients once they recover to a respon-
sive state. Once begun, CAP assessments should 
continue on a two or three times a week basis until 
confusion resolves. Confusion is considered to 
have resolved when the patient obtains non-con-
fused scores on two consecutive CAP assessments 
that are at least 24 h apart. Some may prefer to 
require three consecutive non-confused CAPs as 
we have seen some patients perform in the con-
fused range on subsequent evaluations even after 
obtaining two consecutive non-confused scores. 
Of course, some patients may regress due to fac-
tors such as seizures, posttraumatic hydrocepha-
lus, medication effects, sleep disturbance, etc. 
Patients who receive non-confused scores on the 
initial two CAPs are considered non-confused at 
admission and no other CAP examination need be 
performed. Absent medical complications or med-
ication effects, patients are expected to show a 
recovering course for symptoms of confusion. We 
have found that roughly 75 % percent of patients 
show a decreased number of symptoms of confu-
sion from the fi rst to the third CAP assessment 
covering a period of 4–5 days. Failure to improve 
should prompt an assessment for possible treatable 
problems that are interfering with recovery. 

 CAP results can be reported in the medical 
records and patient staffi ngs by reporting confu-
sion status (confused, not confused), number of 
symptoms of confusion present, GOAT score, 
ABS score, cognitive impairment score, etc. 
Graphic presentation of results over time is help-
ful to the rehabilitation team, physicians, and 
family/signifi cant others. Note that some patients 
who have just emerged from MCS at the initia-
tion of CAP assessment may show increasing 
numbers of symptoms of confusion as they 
become more responsive and exhibit more behav-
ior overall. However, most patients will show a 

recovering course with decreasing numbers of 
symptoms and even those who begin assessment 
early after emergence from MCS will eventually 
show a recovering course. Posttraumatic confusion 
is a transitional phase of recovery and patients will 
not remain confused indefi nitely. A few patients 
may remain so amnestic that they never recover ori-
entation, but other symptoms of confusion such as 
sleep disturbance, psychotic symptoms, decreased 
daytime arousal, agitation, and fl uctuation will con-
tinue to resolve so that even the disoriented patient 
with severe or profound cognitive impairment will 
usually eventually emerge from confusion based on 
CAP diagnostic criteria. As with patients with 
dementia, patients with TBI who have persistent, 
severe cognitive impairment are at increased risk of 
becoming confused when stressed by medical con-
ditions, medication effects, pain, sleep disturbance, 
or other factors. 

 (iv)  Key Research . The CAP has been validated 
by comparing CAP classifi cations of patients as 
confused vs. non-confused to clinical diagnosis 
of delirium, showing that CAP fi ndings are pre-
dictive of functional status outcomes both early 
after injury and at 1 year follow-up, demonstrat-
ing the associations of CAP scores with an 
important rehabilitation issue—cooperation with 
treatment, and illustrating patterns of recovery of 
symptoms of confusion. These studies provide 
strong support for the CAP as a research and clin-
ical instrument. However, to this point, all studies 
published on the CAP have been conducted by 
the research group that originally developed the 
CAP. Sometimes assessment instruments do not 
perform comparably when used by groups other 
than the original group that developed the instru-
ment. Clinicians and researchers will have more 
confi dence in the CAP if fi ndings shown by 
Sherer and colleagues are cross-validated by 
research conducted by other groups. 

 Sherer and colleagues [ 34 ] described the devel-
opment of the CAP and presented early fi ndings. 
The researchers selected CAP items and developed 
scoring rules based on the ability of these items 
to distinguish TBI patients who were clinically 
diagnosed as being in delirium using DSM IV 
criteria from those who were not in delirium. 
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CAP development was based on fi ndings from 
62 persons with TBI who were admitted to a neu-
rorehabilitation unit. In the same paper, the 
authors provided some initial validation data for 
the CAP in a new series of 112 patients with TBI 
who were studied during inpatient brain injury 
rehabilitation. Combining the CAP development 
sample with initial validation sample yields a 
group of 174 persons with TBI. For this com-
bined group, CAP diagnosis of confusion was 
93 % sensitive and 86 % specifi c for a clinical 
diagnosis of delirium indicating very good agree-
ment. Sherer and colleagues have also provided 
data on the phenomenology of PTCS based on 
their seven key symptoms of confusion. As 
shown in Fig.  2 , fl uctuation in presentation was 
the most common symptom occurring in all con-
fused patients with cognitive impairment occur-
ring in about 95 % and disorientation occurring 
in over 90 % of confused patients. Psychotic- type 
symptoms were the least frequent symptom 
occurring in about 45 % of confused patients. 
There was overlap in symptoms between con-
fused and non-confused patients for all symp-
toms other than disorientation which did not 
occur in non-confused patients. Decreased day-
time arousal, restlessness (agitation), and 
psychotic- type symptoms were all rare in non- 
confused patients with each occurring in no more 
than 10 % of cases. Fluctuation and cognitive 
impairment were relatively common in non- 
confused patients who were in early recovery 
from TBI occurring in about 45 % and 35 % of 
patients, respectively. Multivariable linear regres-
sion analysis based on 80 cases showed that even 
after adjustment for other predictors including 
initial injury severity (days to follow commands), 
confusion status at rehabilitation admission pre-
dicted functional status at rehabilitation discharge 
with patients who were in PTCS at admission 
having poorer functional status.

   Sherer and colleagues [ 43 ] extended earlier 
fi ndings by showing that CAP data were not only 
predictive of functional status at rehabilitation 
discharge, but also of productivity outcome at 1 
year post-injury. Reporting on a series of 168 per-
sons with TBI admitted for inpatient rehabilita-
tion, Sherer and colleagues showed that number 

of symptoms of confusion (possible range 0–7) 
shown on a single CAP evaluation at about 21 
days post-injury was predictive of functional sta-
tus at discharge from inpatient rehabilitation and 
of productivity status at 1 year post-injury. After 
adjustment for other predictors including injury 
severity (initial Glasgow Coma Scale score and 
days to follow commands), patients with only 
two symptoms of confusion at 21 days post- 
injury were about three times as likely to have 
favorable functional status at discharge as com-
pared to those with fi ve symptoms of confusion. 
Further, patients with two symptoms at 21 days 
post-injury were twice as likely to be productive 
(competitively employed or in school) at late 
follow-up 1 year post-injury as compared to those 
with fi ve symptoms. An exploratory analysis of 
the signifi cance of each individual symptom of 
confusion showed that absence of each symptom 
of confusion was associated with more favorable 
overall outcome than presence of each symptom. 
In these analyses, simple odds ratios were calcu-
lated and there was no adjustment for other pre-
dictors. A surprising fi nding was that patients 
who did not show psychotic symptoms at 21 days 
post-injury were over 14 times more likely to be 
productive at 1 year follow-up than patients who 
did show psychotic-type symptoms. This fi nding 
was obtained even though no patients in this 
series showed onset of a new psychotic disorder 
meaning that psychotic symptoms in all patients 
resolved when confusion resolved. 

 Sherer and colleagues [ 37 ] provided addi-
tional data on patterns of symptom recovery in 
confused patients. In a series of 107 confused 
patients assessed during inpatient neurorehabili-
tation, patients were generally shown to have 
rapid recovery of symptoms. From the fi rst CAP 
assessment to the second CAP assessment (about 
2 days), over 50 % of patients showed a decrease 
in the number of symptoms of confusion and 
from the second CAP to the third CAP (again 
about 2 days) over 50 % of patients with initial 
moderate or severe confusion again showed a 
decrease in the number of symptoms. Only about 
25 % of patients with initial mild confusion 
showed a decrease in number of symptoms due to 
a fl oor effect. Data showed that nighttime sleep 
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disturbance, decreased daytime arousal, and 
psychotic- type symptoms are the earliest symp-
toms of confusion to resolve while fl uctuation 
and cognitive impairment are the most persistent 
symptoms of confusion. 

 Silva and colleagues [ 44 ] examined the rela-
tionship between posttraumatic confusion as mea-
sured by the CAP with cooperation with treatment 
for persons with TBI undergoing inpatient reha-
bilitation. A series of 74 patients with TBI under-
going inpatient rehabilitation were assessed three 
times weekly with the CAP, while therapists treat-
ing the patients rated the degree of cooperation 
with therapy. CAP scores and therapist ratings 
were obtained independently. A regression model 
including only the number of CAP symptoms 
accounted for 25 % of the variability in coopera-
tion ratings, while the full model including age 
at injury, years of education completed, time 
since injury, and injury severity (Glasgow Coma 
Scale score) accounted for 33 % of the variability 
in cooperation. Greater confusion was associated 

with poorer cooperation. To examine the associa-
tions of specifi c symptoms of confusion with 
cooperation ratings, Spearman’s coeffi cient was 
calculated. Decreased daytime arousal showed 
the strongest association with a Spearman’s coef-
fi cient of −0.42. Correlations for restlessness (agi-
tation), psychotic symptoms, and cognitive 
impairment were −0.39, −0.39, and −0.24, respec-
tively. In each case, presence of the symptom was 
associated with poorer cooperation. 

 Finally, Sherer and colleagues [ 45 ] followed 
up on earlier fi ndings regarding the signifi cance 
of psychotic symptoms in confused patients. In a 
series of 107 patients with TBI in inpatient reha-
bilitation who completed a total of 640 CAP 
assessments, Sherer and colleagues examined fac-
tors that were associated with the occurrence of 
psychotic-type symptoms. The strongest associa-
tion was found for nighttime sleep disturbance. 
Patients with nighttime sleep disturbance were 
over four times as likely to show psychotic- type 
symptoms as those without sleep disturbance. 
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  Fig. 2    Phenomenology of confusion in patients with 
traumatic brain injury. Disorient indicates Disorientation, 
Cog imp—Cognitive impairment, Fluct—Fluctuation, 
Sleep dist—Nighttime sleep disturbance, Arouse—
Decreased daytime arousal, Psychotic—Psychotic-type 

symptoms. Adapted with permission from Sherer M, 
Yablon SA, Nakase- Richardson R, Nick T. Effect of 
severity of posttraumatic confusion and its constituent 
symptoms on outcome after traumatic brain injury. Arch 
Phys Med Rehabil 2008;89:42–47       
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Patients were more likely to show psychotic-type 
symptoms early after rehabilitation admission 
rather than later after rehabilitation admission 
though time since injury did not predict psychotic 
symptoms. Patients with a greater degree of cog-
nitive impairment were more likely to show psy-
chotic symptoms than those with more intact 
cognitive functioning. Sherer and colleagues also 
replicated their earlier fi nding showing that pres-
ence of psychotic-type symptoms was associated 
with a decreased likelihood of a productive out-
come at 1 year post- injury. However, in this 
analysis with adjustment for age, years of educa-
tion, and injury severity (time to follow commands), 
the effect was not as great with those with no 
 psychotic symptoms being about four times as 
likely to be productive as compared to 14 times 
more likely in the earlier unadjusted analysis.  

    Mississippi Aphasia Screening 
Test [ 46 ] 

 (i)  Background and Purpose . Aphasia is a pri-
mary disturbance of the ability to use language. 
Aphasia can affect all aspects of language 
including expressive language, fl uency of 
speech, repetition, naming, and language com-
prehension in both auditory and written modalities. 
As with other neurocognitive impairments, 
structured testing is essential in evaluating 
 language functions as even experienced clinicians 
may under- estimate the degree of impairment if 
they rely on conversation or other non-structured 
interactions. For aphasics with preserved speech 
prosody and superfi cial social greetings, even 
very substantial language comprehension defi -
cits may be missed. Language impairments are 
strongly associated with focal left hemisphere 
brain lesions, but can also be seen in patients 
with diffuse lesions such as those that often 
occur in persons with TBI. Absent a focal lesion 
in the language cortex, language impairment in 
persons with TBI tends to resolve as early confu-
sion resolves and persistent aphasia after non-
penetrating TBI is rare. Nonetheless, assessment 
of patients in early recovery after TBI should 
include assessment of language. It is critical to 

determine whether a patient can consistently and 
accurately respond yes and no to simple ques-
tions such as, “Are you in pain?” Yes/no respond-
ing is often the medium for patients to express 
preferences such as food choices in early recov-
ery. Similarly, it is crucial to have an assessment 
of the patient’s ability to comprehend spoken 
and written language. Some patients may ade-
quately comprehend short passages of language, 
but breakdown in their comprehension of longer 
passages. While this phenomenon may indicate 
impairment of attentional functions or memory 
rather than a primary language disorder, this 
information is still important to clinicians pro-
viding care to the patient and family members 
interacting with the patient. 

 Comprehensive aphasia batteries may require 
up to 2 h to administer. Such lengthy assessments 
may not be well tolerated by confused patients or 
other patients in early recovery from TBI. Since 
language impairment is unlikely to be the key 
defi cit in persons with TBI due to blunt head 
trauma, detailed assessment with a comprehen-
sive battery may not be warranted. A brief battery 
that assesses a broad range of language functions 
and can be repeated to document improvements 
in functioning is adequate for many patients. The 
Mississippi Aphasia Screening Test (MAST) is a 
brief, easily repeated battery that assesses key 
aspects of language function and has been used 
with persons with TBI. 

 (ii)  Administration and Scoring . The MAST con-
sists of nine subtests that assess (1) naming, (2) 
automatic speech, (3) repetition, (4) yes/no accu-
racy, (5) object recognition, (6) verbal command 
following, (7) written command following, (8) 
verbal fl uency, and (9) writing to dictation. Each 
subtest generates a score and subtest scores range 
from 0 to 10 except for yes/no accuracy which 
ranges from 0 to 20. Subtest scores contribute to 
index scores for receptive and expressive lan-
guage that each range from 0 to 50 and an overall 
score that can range from 0 to 100. As with many 
aphasia tests, the MAST is a test of impairment 
so that persons with no language impairment are 
expected to obtain perfect or near perfect scores. 
The entire test can be administered in 5–10 min. 
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 For the naming subtest, the patient is asked to 
name fi ve common objects (e.g., pen, hand, 
watch). For the automatic speech subtest, the 
patient is asked to count to ten, say the days of the 
week, and complete three sentences (e.g., Three 
strikes and you’re ___). On the repetition subtest, 
the patient repeats words and phrases (e.g., car-
rot, under the old wooden bridge). Verbal fl uency 
is assessed by showing the patient a standard 
stimulus picture and asking the patient to describe 
what he/she sees. The number of items verbal-
ized by the patient determines the score. If the 
patient can provide 11 or more verbalizations, he/
she will receive the highest possible score of 10. 
For the naming, automatic speech, repetition, and 
writing to dictation subtests, each correct 
response is worth two points. The naming, auto-
matic speech, repetition, verbal fl uency, and writ-
ing to dictation scores are summed to generate 
the expressive language index score. 

 For the yes/no accuracy subtest, patients 
respond yes or no to ten questions ranging from 
“Is your name [patient’s correct]?” to “Does 
summer come after spring?” For the object rec-
ognition subtest, the subject is asked to point to a 
specifi c object from a fi eld of fi ve common 
objects. For verbal command following, the 
patient is asked to follow fi ve verbal instructions 
and for written command following, the patient is 
asked to follow the same fi ve instructions that are 
provided typed on sheets of paper. Each correct 
response for yes/no accuracy, object recognition, 
verbal command following, and written com-
mand following is worth two points. Yes/no accu-
racy, object recognition, verbal command 
following, and written command following 
scores are summed to calculate the receptive lan-
guage index score and the expressive and recep-
tive language index scores are totaled to yield the 
total score. 

 As noted above, with the possible exception of 
the verbal fl uency subtest, neurotypical adults are 
expected to achieve essentially perfect scores. Any 
score less than perfect should be  investigated. It is 
important to consider factors other than language 
impairment that can affect performance on the 
MAST. Patients in early recovery may have 
decreased daytime arousal and fl uctuating attention. 

These factors can cause item failures even in those 
with intact language functions. Some patients may 
give poor effort because they believe the items are 
too simple and they are offended by being asked to 
complete such simple tasks. Other patients may 
refuse to complete the MAST altogether. Such 
non-compliance might refl ect a general rejection 
of assessments, a rejection of assessments of cog-
nitive abilities, or transitory fatigue or poor mood. 
Sometimes, refusals can be caused by some degree 
of self-awareness of defi cits that motivates the 
patient to reject assessments so that he/she will not 
be confronted with defi cits due to TBI. 

 It should be noted that non-patients reported 
on by Nakase-Thompson and colleagues [ 46 ] 
produced an average score substantially below 
the maximum score on the verbal fl uency subtest, 
suggesting that scoring rules for the verbal fl u-
ency subtest may be too stringent. MAST users 
should be cautious in interpreting scores from 
this subtest. 

 (iii)  Recommendations for Use in Clinical Care . 
While the MAST is primarily intended for 
patients who are at more substantial risk for hav-
ing aphasia (i.e., persons with stroke), given the 
brevity of the test and the importance of detecting 
possible language impairments, it is reasonable 
to administer the MAST to all responsive patients 
with TBI. Patients should be assessed two or 
three times weekly until any possible language 
impairments resolve. Once a patient obtains a 
perfect or near perfect score on a given subtest on 
two consecutive administrations, this subtest can 
be omitted in subsequent administrations to save 
time. Patients who show substantial impairment 
on multiple subtests and who do not meet criteria 
for PTCS should be evaluated with a more com-
prehensive aphasia battery such as the Western 
Aphasia Battery. Patients who are in the confu-
sional state often show signs of aphasia, perhaps 
even paraphasias, that resolve once the confusion 
resolves. Confused patients will often not toler-
ate assessment with a comprehensive aphasia 
battery. Serial assessment with the MAST will 
generally be suffi cient to document language 
impairment and track any improvement until the 
confused state resolves. 
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 For patients in inpatient rehabilitation, fi ndings 
from MAST assessments should be discussed 
widely with the rehabilitation team as defi cits 
associated with aphasia can have substantial 
impact on rehabilitation therapies. Patients with 
comprehension defi cits may be perceived as 
uncooperative. Patients with impairment of 
expressive language, particularly those with non- 
fl uent speech, are likely to be quite frustrated and 
this can cause withdrawal from therapy tasks. If 
patients do not have consistent, accurate yes/no 
responding, pain assessments may be invalid and 
patients may have diffi culty obtaining assistance 
with primary needs (e.g., toileting). It is common 
that different rehabilitation professionals (e.g., 
speech language pathologist, physician, nurse, 
etc.) who have assessed the patient will have 
very different views of the degree of language 
impairment. This discrepancy is contributed to 
by fl uctuation in the degree of language impair-
ment, different approaches to the assessment, 
and differing degrees of sophistication among the 
clinicians. The psychologist should work to 
achieve consensus regarding the degree and type 
of aphasia as well as approaches to maximize the 
patient’s ability to communicate. 

 Similarly, it is important for family/close oth-
ers to be educated regarding any language impair-
ments experienced by the patient. Family/close 
others will benefi t from specifi c instructions on 
how to facilitate communication with persons 
with language impairment. 

 (iv)  Key Research . Most research on the MAST 
has been conducted with patients with stroke. As 
compared to other brief aphasia screens, the 
MAST has broader coverage of language func-
tions though there has been some concern that 
performance on some subtests (e.g., verbal fl u-
ency) could be affected by visual defi cits such as 
neglect [ 47 ]. The MAST has been used broadly 
with patients with stroke and has been translated 
into Spanish [ 48 ], Czech [ 49 ], Italian, German, 
and French [ 50 ]. 

 Initial data comparing neurotypical  community 
volunteers to persons with right or left hemisphere 
stroke were provided by Nakase-Thompson and 
colleagues [ 46 ]. As expected, persons with left 

hemisphere stroke scored more poorly than 
neurotypicals on all subtests, index scores, and 
the total score. Persons with left hemisphere 
stroke scored more poorly than those with right 
hemisphere stroke on all subtests other than object 
recognition and verbal fl uency and scored more 
poorly on both index scores and the total score. It 
is noted that raw score differences for object rec-
ognition and verbal fl uency were in the expected 
direction. While some symptoms of acute confu-
sion may mimic language impairment, the MAST 
has been used to assess aphasia even in patients 
with stroke who were in delirium [ 51 ]. 

 While primarily used with patients with stroke, 
the MAST has been recommended for use in 
patients with TBI [ 52 ]. In a particularly helpful 
paper, Nakase-Richardson and colleagues [ 53 ] 
provide detailed information on the relative diffi -
culty of the MAST yes/no items for patients in 
early recovery from TBI who are confused (in 
delirium) and not confused. As show in Table  1 , 
questions about one’s name are rarely answered 
incorrectly by confused patients and never 
answered incorrectly by non-confused patients. 
Similarly, yes/no accuracy for state of residence is 
good for confused patients and excellent for non-
confused patients. However, other simple, but 
more semantically complex questions were sur-
prisingly diffi cult for both confused and non- 
confused patients. Only 50 % of confused patients 
correctly answered, “Do you put your shoe on 
before your sock?” and, even more unexpectedly, 
only 74 % of non-confused patient correctly 
answered “Does summer come after spring?” It 
seems likely that inaccurate answers from either 
group are more due to attentional or arousal issues 
rather than to language processing impairment. 
Knowledge of these relative items diffi culties facil-
itates a more sophisticated assessment of yes/no 
accuracy in patients in early recovery from TBI.

       Cognitive Assessment 

 (i) Cognitive impairment early after TBI is uni-
versal for persons with moderate or severe TBI 
[ 54 ]. In contrast, as a group, those with mild 
TBI as indicated by posttraumatic amnesia less 
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than 24 h or normal CT scan or time to follow 
commands of less than 1 h score equivalently to 
those with no TBI by 1 month post-injury [ 55 ]. 
Fortunately, cognitive impairment after TBI has 
a recovering course. By 1 year post-injury, sig-
nifi cant improvement is noted for most patients 
with moderate and severe TBI though a sub-
group of patients with severe TBI shows no 
progress (this might be partially due to a fl oor 
effect for some tests) [ 56 ]. Tasks requiring rapid 
cognitive or motor responding and those requir-
ing memory may be particularly likely to show 
residual impairment at later assessments, while 
tasks requiring verbal knowledge and reasoning 
are likely to show a greater degree of recovery [ 56 ]. 

Contrary to the general pattern of improvement 
after TBI, a subset of patients may show decline 
over time [ 57 ]. Age at time of injury has been 
identifi ed as a risk factor for cognitive decline 
after TBI with those with older age at injury 
being at greater risk for decline. 

 Degree of cognitive impairment is substantially 
determined by initial injury severity as indicated 
by Glasgow Coma Scale score, the length of time 
post-injury before the patient regains the ability to 
follow commands, and/or the duration of posttrau-
matic amnesia [ 54 ,  56 ]. As expected, persons with 
more severe injuries show greater cognitive 
impairment. Accordingly, the degree of cognitive 
impairment after TBI can be seen as a proxy vari-
able for injury severity and improvement in cogni-
tive functioning as an index of the degree of 
overall recovery after TBI. However, factors such 
as age at time of injury [ 58 ] and years of education 
completed [ 59 ] may also affect cognitive func-
tioning after TBI. Greater age at injury is associ-
ated with greater cognitive impairment, while 
greater number of years of education is associated 
with more intact cognitive functioning. 

 Early assessment of cognitive abilities after 
TBI serves multiple purposes [ 1 ]. First, such 
assessments can guide early interventions and 
management. Patients with profound memory 
impairment cannot be expected to recall safety 
instructions or carryover training from one reha-
bilitation session to another, so detection of 
such impairment has implications for the 
amount of supervision needed on the nursing 
unit and the approach to therapy provided in the 
gym. Documentation of improvements in cogni-
tive functioning over time provides encourage-
ment that the patient has additional potential to 
improve. This information is reassuring to fam-
ily members/close others and may prompt pay-
ers for rehabilitation services to extend the 
patient’s access to inpatient and/or outpatient 
rehabilitation services. In contrast, stable cogni-
tive impairment or a decline in cognitive func-
tioning in a patient in early recovery may 
indicate the need for additional workup to deter-
mine if medication effects, undetected seizures, 
posttraumatic hydrocephalus, or some other factor 
is interfering with the expected course of recovery. 

   Table 1       MAST yes and no accuracy for 144 persons 
with TBI 1    

 Item diffi culty 

 (number of correct/number of 
overall responses) 

 All 
subjects  Confused 

 Non- 
confused  

  N  = 144   N  = 105   N  = 39 

  1.  Is your name 
Johnson? 
(incorrect) 

 .84  .78  1.0 

  2.  Is your name 
(correct name)? 

 .82  .75  1.0 

  3.  Do you live in 
Rhode Island? 
(incorrect) 

 .80  .74  .95 

  4.  Do you live in 
Mississippi? 
(correct) 

 .82  .76  .97 

  5.  Do you wear a 
glove on your foot? 

 .72  .67  .95 

  6.  Am I touching 
my eye? 

 .76  .69  .95 

  7.  Does Monday come 
before Tuesday? 

 .67  .63  .80 

  8.  Does summer 
come after spring? 

 .62  .58  .74 

  9.  Is a chicken bigger 
than a spider? 

 .72  .65  .90 

 10.  Do you put your 
shoe on before your 
sock? 

 .60  .50  .85 

   1 Modifi ed with permission from Nakase-Richardson R, 
Yablon SA, Sherer M, Nick TG, Evans CE. Emergence 
from minimally conscious state: Insights from evaluation of 
posttraumatic confusion. Neurology 2009;73:1120–1126  
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Finally, repeated cognitive assessment can be used 
to help determine whether the patient is showing a 
favorable response to medication interventions 
such as methylphenidate or amantadine. For post- 
discharge planning considerations such as return 
to driving or work, comprehensive assessments 
such as those described in chapter “Comprehensive 
Assessment” are more appropriate. 

 (ii)  Assessment Batteries for Early Cognitive 
Testing . For early cognitive assessment, a fi ne 
grained comparison of the patient’s performance 
to normative expectations may not be required. 
The psychologist may just wish to obtain a gen-
eral idea of areas of greatest concern or to com-
pare the patient’s performance to another 
assessment completed a few days earlier. For 
these brief, bedside assessments, some psycholo-
gists develop their own procedures and rely on 
internal norms developed over years of profes-
sional practice. As an example, a psychologist 
could repeatedly assess a patient by presenting a 
wordlist learning task, some mental arithmetic 
questions, and some social reasoning questions 
among other needed tests. A wordlist can be 
increased in length as the patient improves and 
the arithmetic and reasoning questions can be 
made more complex. Such a battery would allow 
the psychologist to report, in a general way, 
whether or not the patient is improving and to 
provide feedback to therapists, physicians, and 
family members/close others. Examples of such 
feedback might be, “Last week the patient only 
recalled one of fi ve words after a 3 min delay, but 
this week he was able to recall four of seven 
words after a delay.” or “A couple of weeks ago 
the patient had great diffi culty with simple arith-
metic like 3 + 4 incorrectly answering three of 
fi ve problems, but now she is able to do 
 multiplication problems like 6 × 13 correctly 
answering four of fi ve problems.” 

 There are several options if one wishes to 
administer a battery of standardized tests. 
Pastorek and colleagues [ 60 ] demonstrated the 
feasibility of a brief battery for testing patients 
who were still in posttraumatic amnesia. This 
battery included the Complex Ideation Material 
subtest from the Boston Diagnostic Aphasia 

Examination [ 61 ], a shortened version of the 
Token Test [ 62 ], and Auditory and Visual Number 
Search Tests developed by Levin and colleagues 
[ 63 ]. This battery was administered to a sample 
of 105 patients with complicated mild, moderate, 
or severe TBI at about 1 month post-injury. The 
average Galveston Orientation and Amnesia Test 
score for the sample was 64.1 indicating that 
many patients were still in posttraumatic amne-
sia. Completion rates for the four tests ranged 
from 83 to 89 %, if ill patients (e.g., fever, nau-
sea) are excluded, indicating that this battery is 
feasible for use in patients in early recovery 
from TBI. 

 Kalmar and colleagues [ 64 ] examined the fea-
sibility of a brief neuropsychological battery in a 
sample of 354 patients with complicated mild, 
moderate, or severe TBI who were tested 2–6 
weeks post-injury as part of the TBI Model 
Systems (TBIMS) program. Tests included in 
this battery were the Galveston Orientation and 
Amnesia Test, California Verbal Learning Test-II, 
Trail-making Test, Symbol Digit Modalities Test, 
Grooved Pegboard Test, FAS verbal fl uency, 
Wechsler Test of Adult Reading, and Wisconsin 
Card Sorting Test-64 card version. Of the 354 
patients, 218 (62 %) were able to complete all 
tests. An additional 94 (26 %) were able to at 
least attempt tasks so that it could be determined 
that they were substantially impaired. For per-
sons, who attempted but could not complete 
tasks, the most impaired possible score was 
assigned. In this manner, it was possible to obtain 
scores that refl ected the degree of impairment on 
312 (88 %) of 354 patients. The remaining 42 
(12 %) were not able to attempt some tests due to 
medical illness, time constraint, or some other 
factor. Feasibility of this battery is demonstrated 
by the ability of examiners to obtain meaningful 
scores on 88 % of persons assessed early after 
moderate and severe TBI. 

 Finally, the NINDS CDE initiative [ 9 ,  65 ] 
(  http://www.commondataelements.ninds.nih.
gov/tbi.aspx#tab = Data_Standards    ) recommends 
a brief core cognitive battery for hospitalized 
patients. This battery consists of the Wechsler Adult 
Intelligence Scale-IV (WAIS-IV) Processing 
Speed Index, the Trail Making Test, and either 
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the Rey Auditory Verbal Learning Test or the 
California Verbal Learning Test II. The WAIS-IV 
Speed Index is derived from the Symbol Search 
and Coding subtests. This battery is essentially a 
subset of the battery proposed by Kalmar and 
colleagues [ 64 ] as it includes a list learning task, 
the Trail Making Test, and measures of process-
ing speed. In a preliminary evaluation of the fea-
sibility of this battery conducted as part of the 
Transforming Research and Clinical Knowledge 
in Traumatic Brain Injury (TRACK- TBI) study 
[ 66 ], 368 persons with TBI were assessed at 6 
months post-injury. While completion rates for 
each test were not reported, given the similarity 
to the TBIMS battery and the greater time post-
injury, one would expect that virtually all partici-
pants were able to complete the battery. 

 (iii)  Recommendations for Clinical Use . A number 
of factors such as practice setting, professional 
time available, psychologist preference, physi-
cian preference, time to anticipated discharge, 
goal of the assessment, and patient clinical 
 presentation will affect the type and frequency of 
brief bedside evaluations for inpatients with TBI. 
In our practice, the most common goal of such 
brief assessments is to document cognitive recovery 
or to detect failure to recover. For this purpose, 
brief assessments done 2–3 times a week will 
 provide ample data to provide feedback to the 
treating physician, rehabilitation team, patient, 
and family. If there are more specifi c goals for 
the assessment such as determining capacity to 
give consent, need for supervision, ability to 
carryover safety instructions, etc., additional 
tests should likely be added to the brief battery 
and the patient should be observed in therapy 
or other functional activities to aid with the 
assessment. 

 The usefulness of brief cognitive evaluations 
depends as much or more on the skill of the clini-
cian in giving feedback as on the tests actually 
administered. Feedback to the person with TBI 
can be seen as a therapeutic activity to improve 
self-awareness while maintaining a sense of hope 
and facilitating cooperation with treatment. 
Feedback to family members/signifi cant others 
can play a key role in facilitating preparations for 
discharge and in enhancing the degree of effective 

support they provide to the person with injury. 
Feedback to the physician and clinical team pro-
vides guidance for treatment and an objective 
way to chart progress. 

 (iv)  Key Research . Pastorek and colleagues [ 60 ] 
assessed 105 patients with complicated mild, 
moderate, and severe TBI at 1 month post- injury 
using the Complex Ideation Material test, modi-
fi ed Token Test, Auditory Number Search Test, 
and the Visual Number Search Test. In unad-
justed univariable regression models, results of 
these early assessments were predictive of patient 
functional status at 6 months post-injury as mea-
sured with the Disability Rating Scale. In multi-
variable models using age, years of education, 
best Glasgow Coma Scale score on the day of 
injury, and pupil responses immediately after 
injury as covariates, only the Complex Ideational 
Material test made a signifi cant improvement to 
prediction of functional status above that made 
by the covariates. Interestingly, simply knowing 
whether or not a participant was able to complete 
a cognitive test was more predictive of functional 
status than the actual test score. For each of the 
four tests, a dichotomized (yes/no) completion 
variable made a unique contribution to prediction 
of functional status even after adjustment for all 
four covariates. These results indicate that early 
testability is predictive of more favorable out-
come at a later time post-injury. 

 Hanks and colleagues [ 67 ] administered the 
battery recommended by Kalmar and colleagues 
[ 64 ] (Galveston Orientation and Amnesia Test, 
California Verbal Learning Test-II, Trail Making 
Test, Symbol Digits Modality Test, Grooved 
Pegboard Test, FAS verbal fl uency test, Animal 
Naming Test, and the Wechsler Test of Adult 
Reading) to 174 persons with moderate and 
severe TBI. Note that persons who did not com-
plete all tests were excluded from this analysis; 
however, 23 % of the retained sample was still in 
posttraumatic amnesia at the time of cognitive 
testing. In their regression analyses, Hanks and 
colleagues entered three covariates in a fi rst block 
and the cognitive test scores in a second block. 
Covariates included injury severity as indicated 
by time to follow commands and functional 
status at rehabilitation admission as indicated 
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by Disability Rating Scale score and FIM score. 
Outcomes were functional status at 1 year post- 
injury as indicated by the Disability Rating 
Scale and the FIM as well as ability to live inde-
pendently at 1 year post-injury as indicated by 
Supervision Rating Scale. In each case, the block 
of neuropsychological variables made a unique 
contribution to prediction of the outcome. Given 
intercorrelations among cognitive variables, it is 
diffi cult to determine which tests are most pre-
dictive, but some evidence indicated that the 
Trail Making Test Part B and the Wechsler Test 
of Adult Reading were particularly useful. 

 Taken together, results of the Pastorek and 
colleagues and Hanks and colleagues studies pro-
vide good evidence of the usefulness of relatively 
brief, early cognitive assessments for predicting 
outcome after TBI even when many participants 
were tested while still in posttraumatic amnesia. 
Of course, as noted above, prediction of later out-
come is just one possible use of early cognitive 
assessments.  

    Emotional Status 

 (i) Psychiatric disturbances are very common for 
persons recovering from TBI with an overall inci-
dence rate of about 61 %. For most of these indi-
viduals, pre-TBI psychiatric disturbance is a 
contributing factor, but a signifi cant number of 
persons have a new onset of psychiatric symp-
toms after TBI [ 68 ]. By far the most common 
psychiatric disturbances after TBI are mood dis-
order (generally major depression or depressive 
disorder not otherwise specifi ed) and various 
anxiety disorders (most commonly anxiety disor-
der not otherwise specifi ed) which are seen in 
30–40 % of patients [ 68 ,  69 ]. The incidence of 
depression and anxiety after TBI is generally 
reported for the fi rst year post-injury, but these 
problems can emerge early after injury. Therapists 
and physicians caring for patients with TBI fre-
quently report that they are concerned about 
depression and anxiety that cause distress for the 
patient and are thought to interfere with coopera-
tion with therapy. Similarly, family members/
close others may report that persons with TBI are 

depressed and/or anxious. In our experience, 
these early reports of depression and anxiety are 
more likely to come from care providers and 
family than from the patients themselves. Indeed, 
some patients seem indifferent to their circum-
stances early after injury due to confusion and/or 
impaired self-awareness. Others may be reluctant 
to report emotional distress due to their pre-injury 
personality or to avoid being perceived as “weak” 
as they struggle with the recovery process. As 
part of their empathy for the patient, staff and 
family may project their own emotional responses 
to the injury onto the patient. 

 Emotional distress must be distinguished from 
affective lability in early recovery from TBI. 
Patients with TBI may have crying spells that 
suggest depression to caregivers and family in the 
absence of a report of other clinical symptoms of 
depression by the patient. Indeed, some patients 
may be so confused that one would question 
whether they can meaningfully report on their 
own emotional state. It is challenging to under-
stand just what it means for a disoriented patient 
with severe memory impairment to be depressed 
or anxious when they have no later recall of peri-
ods when others perceived them to be anxious or 
depressed. Affective lability is common in con-
fused patients. Even experienced clinicians may 
have diffi culty distinguishing true mood disorder 
from affective lability [ 70 ]. 

 Some rehabilitation staff may have diffi culty 
experiencing empathy for emotional responses to 
catastrophic injury so that they are intolerant of 
complains of anxiety or depression from patients. 
We have encountered therapists and nurses who 
become irritated with patients who express sad-
ness or anxiety in the aftermath of severe injuries 
that likely would have long-term consequences. 
Other staff may feel unprepared to deal with 
patients’ emotional responses to their injuries. 
They may turn to the psychologist for help or, 
perhaps, expect the psychologist to “fi x” the 
patient so that he/she will be better able to par-
ticipate in therapy or require less frequent care on 
the nursing unit. 

 Assessment of emotional functioning in per-
sons with TBI requires a thorough interview of the 
patient, if possible, along with a careful history 
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from a reliable informant. It is frequently helpful 
to observe the patient in therapies or on the nursing 
unit as the patient may behave quite differently 
during challenging therapy or self- care activities 
than during a calm interview with the psycholo-
gist. One can lose a good deal of professional cred-
ibility by reporting that a patient’s mood is 
improving only to have the physical therapist fol-
low with a report that the patient cries incessantly 
throughout all therapy sessions. Co-treatment of 
patients with therapists provides an opportunity to 
observe the patient during therapy activities and, 
potentially, to provide an intervention in that con-
text. In addition, co-treatment sessions provide an 
opportunity to educate rehabilitation therapists 
regarding emotional responses, affective lability, 
the grieving process, and other psychological reac-
tions to injury. 

 Brief rating scales that can be administered 
quickly and repeated easily are helpful to the 
ongoing assessment of these patients. Two scales 
that have been used in the TBIMS program are 
the Patient History Questionnaire-9 (PHQ-9) 
[ 71 ] and the Generalized Anxiety Disorder-7 
(GAD-7) [ 72 ]. These scales incorporate diagnos-
tic criteria from the DSM-IV and, thus, facilitate 
the process of developing a clinical diagnosis. 

 (ii)  Scales for Assessing Depression and Anxiety . 
While there are a number of scales that could be 
used to assess depression in early recovery from 
TBI, the PHQ-9 is recommended because of its 
brevity, inclusion of DSM-IV diagnostic criteria, 
use with a wide range of clinical populations, 
previous validation for use in patients with TBI, 
and inclusion as a supplemental measure in the 
NINDS CDE recommendations. In responding to 
the PHQ-9, the patient rates the frequency of nine 
symptoms over the previous 2 weeks and then 
rates the extent to which symptoms have inter-
fered with work, personal independence, or rela-
tionships with others. Symptoms rated are 
anhedonia, sad affect, sleep disturbance, fatigue, 
appetite, self-esteem, concentration, psychomo-
tor disturbance, and suicidal thoughts. The rating 
scale for each item ranges from 0 to 3 with higher 
scores indicating more frequent symptoms. A 
total score is obtained by adding ratings for the 

nine symptoms. Scores of 1–4 indicate minimal 
depression, 5–9 indicates mild depression, 10–14 
indicates moderate depression, 15–19 indicates 
moderately severe depression, and 20–27 indi-
cates severe depression. 

 As with depression there are a number of 
scales that could be used to rate anxiety. The 
GAD-7 and the PHQ-9 were developed together 
as part of the Patient Health Questionnaire [ 73 ]. 
The Patient Health Questionnaire is used to 
screen for mental disorders in primary care set-
tings. As for the PHQ-9, the GAD-7 is brief, has 
been used with a wide range of clinical popula-
tions, and has been used with persons with TBI, 
notably by the TBIMS program. If the GAD-7 
and PHQ-9 are given together, use of the same 
rating scale and timeframe facilitates valid 
responding by the patient. Patients in early recov-
ery from TBI may have diffi culty recalling and 
staying consistent with rating scale anchors. 
Symptoms rated on the GAD-7 include pervasive 
anxiety, incessant worrying, numerous worries, 
diffi culty relaxing, restlessness, irritability, and 
fearfulness. A total score is obtained by adding 
ratings for the seven items. Scores of 0–4 indicate 
no or minimal anxiety, 5–9 mild anxiety, 10–14 
moderate anxiety, and 15–21 severe anxiety. 

 (iii)  Recommendations for Clinical Use . As with 
cognitive assessments, a wide range of factors 
should be considered in screening and monitoring 
emotional distress. It is reasonable to screen all 
non-confused patients for anxiety and depression 
though one might consider withholding screening 
until there is some self-report of depression or 
anxiety or some behavioral evidence such as tear-
fulness, withdrawal, expression of sad mood, 
expression of suicidal ideation, etc. While screening 
all patients may reveal anxiety or depression in 
patients for whom there was no other reason to 
suspect these concerns, there is also the possibility 
that screening results will produce false positives 
due to patients misinterpreting items, losing set 
on the rating scale, or some other cause. Once a 
patient is screened as being depressed, one will 
generally need to continue to follow this issue 
throughout the hospitalization and make an 
appropriate referral at discharge. 
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 Once identifi ed as anxious or depressed or at 
risk for anxiety or depression through interview 
or observation; screening with the PHQ-9, GAD- 
7, or some other scale; family report including 
pre-injury history; or rehabilitation therapist, 
nurse, physician, or other report; patients should 
be seen regularly. Depending on various clinical 
considerations, it is reasonable to see such 
patients two times weekly or more to provide 
intervention and to rescreen to monitor possible 
improvement or decline. These follow-up 
encounters can frequently be as brief as 15 min 
though they may take longer. As noted above, it 
is extremely helpful to see patients conjointly 
with rehabilitation staff who are concerned about 
the patients’ emotional distress. While patient 
information that will not affect clinical manage-
ment by others should be kept confi dential, once 
emotional distress is identifi ed as a concern that 
is affecting overall clinical care, it is important to 
provide ongoing feedback to the rest of the clini-
cal team. One goal of this feedback is to facilitate 
a consistent response by the team to the patient’s 
expressions of emotional distress. It may be quite 
counterproductive for the physical therapist or 
other rehabilitation care provider to spend treat-
ment sessions “counseling” the patient in a man-
ner that may directly contradict interventions 
provided by the psychologist. 

 The patient’s family/close others may be key 
in addressing patient emotional distress. It is 
important to have a clear assessment of patient 
capacity so that permission is sought from 
patients with capacity before discussing these 
issues with family/close others. For patients who 
lack capacity, the surrogate decision maker can 
give permission for the psychologist to discuss 
patient emotional status with key family mem-
bers. If affective lability is an issue, it can be 
quite reassuring for family members to under-
stand that tears do not necessarily mean painful 
depression. For patients with true emotional dis-
tress, family may benefi t from education regard-
ing the likelihood of improvement over time and 
the desirability of providing consistent support 
that is not unrealistically positive and encourages 
participation in ongoing therapies. 

 (iv)  Key Research . The PHQ-9 has been used in a 
number of studies of depression in persons with 
TBI [ 74 ,  75 ]. In a study of 135 persons with mild, 
moderate, and severe TBI, Fann and colleagues 
[ 76 ] demonstrated that the PHQ-9 has excellent 
sensitivity and specifi city for a clinical diagnosis 
of depression made using the gold standard for 
assessment of the depression, the Structured 
Clinical Interview for Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition 
(SCID). Sensitivity was 0.93 and specifi city was 
0.89. Further, contrary to concerns expressed by 
some, Cook and colleagues [ 77 ] found that 
somatic (e.g., sleep disturbance, change in appe-
tite) and cognitive (e.g., trouble concentrating) 
items of the PHQ-9 were valid indicators of 
depression in persons with TBI even though 
these symptoms overlap with symptoms directly 
caused by TBI in some patients. 

 The GAD-7 has been validated as a measure 
of generalized anxiety in primary care and psy-
chiatric settings [ 78 – 80 ]. The GAD-7 has also 
been used in studies of persons with a variety of 
neurologic disorders [ 81 – 83 ]. However, to this 
point, there has only been limited use of the 
GAD-7 in persons with TBI. Harch and col-
leagues [ 84 ] found the GAD-7, and the PHQ-9, 
to be sensitive to the benefi cial effects of an inter-
vention for post-concussive symptoms.      
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    Abstract  

  This chapter reviews comprehensive assessment in persons with brain 
injury in both acute and post-acute settings. A model of assessment is 
described and the various components of the assessment in the context of 
this model are reviewed with goal of conducting an evaluation which 
comprehensively describes functioning and leads to effective rehabilitation 
planning. The importance of the neuropsychologist conducting assess-
ments as part of a larger rehabilitation team is also reviewed. Finally, a case 
study is provided which demonstrates the use of this assessment model.  
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        Introduction 

 Research continues to demonstrate that even with 
advances in brain imaging and biomarkers, neu-
ropsychological assessment remains the most 
robust means of identifying the presence and pro-
gression of acquired brain dysfunction [ 1 ]. 
Moreover, unlike other neurodiagnostic tech-
niques, neuropsychological testing is unique in 
the ability to not simply diagnose, but to also 
quantify the impact of brain injury on cognitive, 
behavioral, and adaptive functioning [ 2 ]. A recent 
study found over 1,600 peer-reviewed studies 
have been published on the relationship of psy-
chological functioning and TBI, making it one of 
the populations most often encountered and stud-
ied by neuropsychologists [ 3 ]. Similarly a recent 
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survey of practicing clinicians ranked TBI as the 
fi rst or second most common diagnosis referred 
for neuropsychological evaluation [ 4 ]. This 
chapter will focus on the role of neuropsycho-
logical assessment in both inpatient and out-
patient settings by (1) describing its goals and 
utility, (2) outlining a model of assessment that 
can be used to better understand the relationship 
between brain injury and long-term functioning, 
and (3) highlighting unique considerations for 
the assessment and treatment of individuals with 
traumatic brain injury.  

    Assessment in Acute Settings: 
(Hospital and Inpatient 
Rehabilitation Setting) 

 Individuals with traumatic brain injury present to 
the acute inpatient setting with a wide variety of 
clinical presentations and heterogeneous neurobe-
havioral sequelae [ 5 ]. Depending on the type and 
severity of the sustained injury, assessments of 
cognitive functioning can be complicated by con-
fusion, posttraumatic amnesia (PTA), and signifi -
cant emotional and behavioral changes. Acute 
inpatient assessments are conducted with an 
appreciation for injury severity and natural recov-
ery trajectories with the goal of (1) describing 
changes in mental status over time and (2) docu-
menting the nature and level of cognitive and 
functional impairment resulting from the injury. 

    Assessing Consciousness, 
Orientation, and Posttraumatic 
Amnesia 

 PTA refers to disruptions in a patient’s memory 
for the events and experiences that occur imme-
diately following a head trauma [ 6 ]. Assessments 
of orientation and PTA are integral in the inpa-
tient setting because they (1) assist in document-
ing recovery and determining long-term 
prognosis, and (2) assist neuropsychologists in 
identifying the optimal timeframe for a patient to 
undergo a formal neurocognitive evaluation (i.e., 
after the patient has emerged from PTA). 

 Determining whether a patient is oriented or 
has emerged from PTA is most commonly 
achieved through the administration of standard-
ized measures such as the Galveston Orientation 
and Amnesia Test (GOAT) and Children’s 
Orientation and Amnesia Test (COAT) [ 7 – 9 ]. 
Most commonly, emergence from PTA based on 
GOAT scores is defi ned by the fi rst day of two 
consecutive days that GOAT scores of 76 or 
greater are recorded within a period of 24–72 h. 
These measures allow for a serial assessment of 
patients’ orientation to person, place, and time 
and knowledge/recall of the events leading up to 
and following their brain injury and hospital 
admission. Screening measures of mental status 
may also help evaluate the patients’ understand-
ing of his/her diagnosis, associated cognitive 
changes, and their implications on functioning. 
Table  1  provides a list of commonly used assess-
ments of PTA and cognition in the acute stetting. 
The reader is referred to the previous chapter by 
   Sherer and Giacino for a more thorough discus-
sion of brief inpatient screening assessments.

   Neuropsychologists should avoid conducting 
neurocognitive evaluations before a patient has 
cleared from PTA, as testing under these circum-
stances typically yields unreliable and/or invalid 
estimates of long-term cognitive capabilities. 
Furthermore, interpreting neuropsychological 
test results during this period of time may have 
serious implications for the patient’s future plan 
of care (e.g., issues related to discharge planning, 
capacity, etc). If evaluations must be conducted 

   Table 1    Commonly used inpatient cognitive screening 
measures   

 Mental status & 
posttraumatic amnesia 

 Brief cognitive screening 
measures 

 Galveston Orientation & 
Amnesia Test (GOAT) [ 9 ] 

 Montreal Cognitive 
Assessment (MoCA) 
(  www.mocatest.org    ) 

 Children’s Orientation & 
Amnesia Test (COAT) [ 8 ] 

 Mini Mental Status 
Examination (MMSE) [ 10 ] 

 Orientation Log 
(O-Log) [ 11 ] 

 Kokmen Short Test of 
Mental Status (STMS) [ 12 ] 

 Agitated Behavior 
Scale [ 13 ] 
 Confusion Assessment 
Protocol [ 14 ] 
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the neuropsychologist should note that the results 
represent the patient’s mental status during a 
point in time that is marked by dramatic fl uctua-
tions in attention, alertness, and cognition.  

    Inpatient Neuropsychological 
Evaluations 

 Over the last few decades there has been a dra-
matic decline in the length of acute rehabilitation 
stays (LOS) from 20 to 12 days [ 15 ]. These 
changes have impacted the role of neuropsychol-
ogists in inpatient rehabilitation settings, shifting 
the focus away from comprehensive assessments 
toward identifying the severity of cognitive and 
neurobehavioral sequelae, preparing patients and 
families for discharge, and the next phase of the 
patient’s rehabilitation. If a patient emerges from 
PTA during their inpatient rehabilitation stay, a 
more formal assessment of cognitive functioning 
is possible and appropriate. The period after 
emergence from PTA represents an early stage of 
recovery and assessments must be conducted 
with an appreciation for the fact that cognition 
will most likely continue to improve. Subsequent 
evaluations (inpatient or outpatient) may be nec-
essary in order to generate the most meaningful 
recommendations for the patient, treatment team, 
and family. 

 Given the numerous patient-factors (e.g., neu-
rofatigue, reduced tolerance for testing, aphasia, 
sensory/perceptual diffi culties) and institutional 
limitations (i.e., requirements by insurance/
national carriers that patients participate in sev-
eral hours of therapy daily to justify payment), 
even more comprehensive inpatient neuropsy-
chometric assessments are typically relatively 
brief. Such assessments should attempt to esti-
mate a patient’s pre-injury level of intellect and 
functioning and provide a screening of their 
capabilities across a number of cognitive 
domains. While a comprehensive assessment of 
attention, language, visuoperception, learning 
and memory, and executive functioning may be 
ideal, these domains are typically evaluated using 
abbreviated (and if possible, repeatable) measures 
such as the Repeatable Battery for Assessment of 

Neuropsychological Status (RBANS) [ 16 ]. An 
alternative approach may also involve the selec-
tive administration of tests/subtests from length-
ier test batteries. Inpatient assessments, which 
are conducted for the purposes of discharge and 
treatment planning, are most useful when they 
include a thorough examination of learning, 
memory, and executive functioning, since these 
domains have been widely associated with long-
term functional outcomes (i.e., return to work 
and productivity) following TBI [ 17 ,  18 ].  

    Assessments of Mood, Adjustment, 
and Coping 

 In addition to cognitive sequelae, it is common 
for individuals in the acute phase of recovery 
from TBI to experience changes in emotion and 
behavior. Inpatient neuropsychologists are 
uniquely qualifi ed to assess mood, coping, and 
adjustment and determine the potential implica-
tion of these factors on the recovery process. As 
improvement occurs and patients emerge from 
PTA, survivors often begin to develop a better 
appreciation of what has happened to them. 
Assessment of mood and adjustment during this 
phase of recovery may include a clinical inter-
view with the patient and family, the use of stan-
dardized mood questionnaires (e.g., Beck 
Depression/Anxiety Inventories, Patient Health 
Questionnaire-9, Generalized Anxiety Disorder-7 
item), and consultation with other members of 
the inpatient care team. Standardized mood mea-
sures also provide a means of tracking patients’ 
distress levels/symptoms and providing patients 
and their families with feedback about changes in 
mood symptoms over time. 

 A clinical interview should be used to evaluate 
a patient’s current mood symptoms, psychiatric 
and substance abuse history, awareness of the 
nature/severity of their injury and functional 
limitations, adjustment to the hospitalization 
and inpatient therapies, family/support network, 
and coping strategies. An understanding of past 
psychiatric and substance abuse diffi culties is 
important in determining whether or not a 
patient is at greater risk for developing mood 
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symptoms post injury, or relying on maladaptive 
coping strategies (e.g., substance use) in the 
post-acute period. Likewise, assessments of 
family and social support (e.g., friends, religion/
faith, community involvement, etc.) help in 
identifying positive resources the patient can 
rely on as they transition from the acute to post-
acute phase of recovery. 

 Patients in early recovery may have diffi culty 
articulating their emotions and rating their own 
mood states. These diffi culties can be further 
complicated by an incomplete awareness of the 
extent and implications of their injuries. These 
patients’ mood can often be best assessed by 
direct observation. Observing the patient while 
they are involved in therapies or interacting with 
family members can be one of the most useful 
means of understanding the patient’s current 
mood state. Moreover, this approach provides a 
more naturalistic setting that allows the neuro-
psychologist to communicate practical recom-
mendations to other team members and the 
patient’s family. 

 Since occupational, speech, and physical ther-
apists typically spend signifi cantly more time 
with patients than neuropsychologists (even in a 
well-staffed inpatient rehabilitation unit), these 
professional colleagues may have observed a 
richer and more extensive sampling of patient 
behavior. Similarly, given their interactions with 
patients for up to 12 h at a time, nurses can pro-
vide information about episodes of emotional 
dysregulation (i.e., tearfulness, anger) or signs of 
emotional distress (e.g., anxiety) during medical 
procedures and changes in behavior over time. 
Other team members are likely to have useful 
insights regarding an individual’s general dispo-
sition, engagement, and frustration tolerance dur-
ing challenging therapeutic exercises. To provide 
individualized recommendations for treatment, 
an inpatient neuropsychologist must regularly 
interact with other team members. By joining the 
rehabilitation team, speaking in a common lan-
guage, and working in a truly collaborative man-
ner with the patient and family, neuropsychologists 
will be well-suited to provide accurate and useful 
information that facilitates improved treatment 
outcomes [ 19 ].   

    Assessment in Post-acute Settings 
(Residential- and Clinic-Based) 

 Recovery following traumatic brain injury 
extends long past a patient’s discharge from an 
inpatient rehabilitation unit and often continues 
for months to years. Given reduced lengths of 
stay and the artifi cial nature of the hospital setting, 
the majority of rehabilitation now takes place in 
outpatient settings during the post-acute period. 
With the initiation of outpatient rehabilitation 
comes a greater need for determining the patient’s 
level of functioning within the family, social 
network, and community at large. As a result, 
neurocognitive assessments in this phase of 
recovery gradually evolve from describing 
changes in functioning over time to assessing the 
impact of ongoing symptoms on an individual’s 
daily activities and community participation. 
Outpatient rehabilitation practices are highly 
individualized and informed by the ongoing 
neurocognitive sequelae as well as needs of the 
persons being served. 

 Traditionally, neuropsychological assessment 
has focused on correlating brain dysfunction with 
behavioral changes. Clinically, this often means 
(1) diagnosing the presence of underlying brain 
pathology (e.g., learning disability, dementia), 
and/or (2) describing the level and pattern of 
impairment associated with a known cause of 
brain dysfunction (e.g., stroke or TBI). In the 
post-acute rehabilitation setting there is often lit-
tle question regarding the cause or etiology of the 
brain dysfunction. Neuropsychological testing 
conducted in this setting is often done for a dif-
ferent purpose, which include quantifying or pre-
dicting the degree of limitations an individual 
will experience in everyday life and assisting 
him/her with learning to compensate for residual 
limitations. This can be quite challenging given 
that the pattern of neurocognitive impairment can 
vary widely as a function of type/severity of 
injury and associated physical and emotional 
sequelae. Nonetheless, neuropsychologists are 
well-suited to (1) assess the cognitive, neurobe-
havioral, and environmental factors important to 
recovery, (2) evaluate levels of functioning within 
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larger social contexts, and (3) outline treatment 
plans that facilitate return to community partici-
pation following TBI.  

    Model for Conceptualizing Factors 
to Be Assessed in the Post- acute 
Setting 

 To assist with the conceptualization of physical 
and mental changes caused by known medical 
conditions (such as brain injury) and associated 
changes in functioning, the World Health 
Organization developed the International 
Classifi cation of Functioning, Disabilities, and 
Health [ 20 ]. This model classifi es the sequelae of 
brain injury into (1) body functions and struc-
tures, (2) activity, and (3) participation. Body 
functions and structures are measured by the 
presence of normal or abnormal (impaired) physi-
cal or mental functions. Activity limitations are 
defi ned by an individual’s inability to complete an 
activity due to impairments or changes in body 
functions and structures (e.g., inability to recall 
appointments, to follow a recipe while cooking, 
recall a medication regimen, balance a check-
book, etc.). Activity limitations focus on limita-
tions in specifi c individual activities, in contrast to 
participation restrictions which involve societal 
level role fulfi llment. Participation restrictions 
represent a loss or change in social roles due to 

changes in body functioning and associated activ-
ity limitations (e.g., loss of a job or inability to 
attend college). Participation is typically assessed 
through patient or family report and measured by 
the degree to which an individual is (1) an active, 
productive member of society, and (2) well inte-
grated into family and community life. In other 
words, participation restrictions refl ect whether 
individuals are limited in their ability to run a 
household and maintain a network of friends and 
family, as well as their involvement in productive 
activities such as employment, education, and 
volunteer activities. 

 In the ICF model, there is a dynamic interplay 
among changes in body functions and structures 
(physical and cognitive), activity limitations, and 
the participation restrictions that impact the 
person’s reintegration into the community. The 
most recent iteration of the ICF model [ 21 ,  22 ] 
has shifted its emphasis from solely a medical 
model to a model which includes a consideration 
of the environmental and personal factors that 
impact long-term outcomes. See Fig.  1  for a 
graphical illustration of the ICF model.

   In our view the ICF model provides clarity 
regarding the role of neuropsychological testing 
in post-acute settings and a model for identify-
ing the factors that should be considered and 
assessed as part of any comprehensive evalua-
tion of individuals with TBI. We fi nd this model 
particularly useful for several specifi c reasons. 

  Fig. 1    The international classifi cation functioning (ICF) model       
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As described above, neuropsychological assessment 
measures impairments (or the lack thereof) in 
cognitive abilities. While assessment of the pres-
ence and degree of cognitive impairment is 
important in understanding common symptoms 
following TBI, in most instances it does not 
directly assess limitations in activity. For example, 
a patient who is impaired (below the fi fth percen-
tile) in the acquisition and retention of items from 
a word list might be expected to have diffi culty 
correctly learning and implementing a new medi-
cation regimen following TBI. While it would be 
easy to assume that these cognitive impairments 
would prevent the patient from engaging effec-
tively in this task, our traditional neuropsycho-
logical measures do not directly assess an 
individual’s ability to follow a medication regimen. 
Nor do they assess other environmental or per-
sonal factors that may facilitate or interfere with 
this process. 

 According to the ICF model, environmental or 
situational moderators/factors that may obstruct 
or facilitate successful completion of an impor-
tant activity of daily living (i.e., managing medi-
cations) need to be considered in order to make 
truly accurate predictions about functioning. 
Such factors may include personal history/expe-
rience with medication management, the use of 
compensatory strategies, or environmental sup-
ports (i.e., pillbox along with a pager or alarm 
system). Even when done comprehensively, test-
ing focused solely on measurement of cognitive 
impairment without considering these other rele-
vant factors, may not accurately predict whether 
an individual can perform important day-to-day 
activities. 

 The ICF model also provides an important 
tool for understanding the values and mechanism 
of action for interventions such as cognitive reha-
bilitation following TBI. There is an ever- 
growing literature that supports the value of 
cognitive rehabilitation in helping to diminish the 
level of activity limitations and participation 
restrictions after brain injury [ 23 ]. These inter-
ventions are effective largely because they facili-
tate the development of behaviors which 

compensate for changes in mental and cognitive 
status. In other words, persons undergoing 
cognitive rehabilitation may experience improve-
ment in functioning without necessarily 
experiencing any measureable diminution in cog-
nitive impairment. As such, an intervention is 
successful if it results in improved real world 
behaviors and increased independence, whether 
or not there have been changes in neuropsycho-
logical performances [ 2 ,  24 ].  

    Components of the Comprehensive 
Outpatient Assessment in the 
Post-acute Phase of Recovery 
Following TBI 

 Using the ICF model as a template, we will 
outline an approach for comprehensive assess-
ment at the post-acute stage of recovery and 
rehabilitation. In order to obtain such a wide 
breadth of information, a comprehensive out-
patient neuropsychological assessment should 
include information obtained from a review of 
the patient’s medical record and history (i.e., 
focused on assessing degree of severity and 
other aspects of the injury; see    Table  2 ), an 
interview with the patient and family members/
caregivers, and standardized measures of cog-
nitive and overall psychological functioning. 
We have provided a detailed outline of these 
important components of the neuropsychologi-
cal assessment in    Table  2 .

       Clinical Interview 

 In the interview with a patient and family mem-
bers, it is particularly important to gather infor-
mation from the following areas: the patient’s 
current psychological functioning, pre-injury 
psychiatric and substance abuse history, coping 
strategies, availability of social support and 
resources, premorbid level of functioning, and 
current use of compensatory strategies to facili-
tate independence.  
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    Psychiatric and Substance Abuse 
History 

 As delineated in the ICF model, past history of 
substance use and psychiatric history impact the 
recovery trajectory of a person with TBI. As such, 
it is important to assess in detail past history of 
substance use, its frequency, types of substances 
used, and the typical settings in which these sub-
stances were used (i.e., to cope with stress, alone, 
socially, etc.) both prior to and since the injury. 
Obtaining a thorough assessment of psychiatric 
and substance use history is crucial to any assess-

ment, since it is meant to provide an accurate and 
complete evaluation of functioning and to lead to 
appropriate treatment recommendations. 

 Moreover, past psychiatric or substance abuse 
conditions may be contributing to cognitive 
impairments which are identifi ed on testing and 
may in turn be a factor impacting a patient’s cur-
rent level of functioning. Premorbid substance 
and psychiatric histories can also identify those 
patients who are at increased risk for maladaptive 
coping or emotional diffi culties following TBI. 
Assessing for these premorbid conditions is best 
done in the context of a thorough clinical interview 

    Table 2    Components of a comprehensive outpatient assessment following TBI   

 Component  Source  Information to be obtained 

 Injury-related data  1. Record review  1. Information gathered through admission records and 
EMT report regarding injury causing conditions: 
GCS, length of PTA, type and site of injury, anoxia, 
other physical injuries 

 2. Concurrent medical conditions impacting cognition 
and functioning 

 3. Imaging: CT, MRI, EEG 
 Past medical 

psychiatric 
history 

 1. Record review  1. Premorbid medical conditions, substance abuse, and 
treatment history 

 2. Patient & family interview  2. Psychiatric disorders, past hospitalizations, mental 
health treatment 

 Psychosocial 
assessment 

 1. Record review  1. Current mood, adjustment diffi culties, self-awareness 
 2. Patient & family interview  2. Presence of current psychiatric disorders/situational 

stressors 
 3. Self-report measures 

of emotional & personality 
functioning 

 3. Current and past coping strategies (active vs. passive, 
negative vs. positive) 

 4. Behavioral observations  4. Underlying personality traits 
 Cognitive 

functioning 
 1. Neuropsychological testing  1. Areas of strength and weakness compared to (1) 

baseline, (2) normative data, (3) intra-individually 
 2. Insight and level of awareness of post-injury changes 

in cognition and function 
 Functioning in 

community 
 1. Record review  1. Level of education, history of academic diffi culties, 

need for special education services 
 2. Patient & family interview  2. Type of previous employment and consistency of 

employment  3. School & work history 
 Use of compensatory 

strategies 
 1. Patient & family interview  1. Frequency and type of compensatory strategies used 

at home, school, college, and work prior and after the 
injury (calendar system, personal assistive devices, 
cue cards, environmental supports) 

 Social support 
& resources 

 1. Patient & family interview  1. Size of social network, patient and family’s 
understanding of injury and its impact on 
functioning, capacity to provide assistance 

 2. Financial resources 
 3. Patient’s willingness to accept and ask for help 
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of the patient, including information obtained 
from a reliable collateral source such as a family 
member. Brief alcohol disorders screening 
questionnaires such as the CAGE (Cut down, 
Annoyed, Guilty, Eye opener) [ 24 ], MAST 
(Michigan Alcoholism Screening Test) [ 25 ], or 
AUDIT (Alcohol Use Disorders Identifi cation 
Test) [ 26 ] may also help with this process.  

    Assessment of Awareness 
and Psychosocial Functioning 

 Historically, the assessment of awareness, per-
sonality, motivation, and other psychological 
 factors was considered important only to the 
extent to which they interfered with the validity 
of the psychometric evaluation [ 27 ]. However, 
evaluations with such a narrow focus have been 
criticized as not providing suffi cient information 
for conceptualizing the whole individual and 
have been replaced with more comprehensive 
evaluations of functioning. This broadening of 
the scope of neuropsychological evaluations is 
even refl ected in changes between the third and 
fourth edition of Lezak’s classic text on neuro-
psychological assessment, which now highlights 
emotional factors as integral components of a 
neuropsychological evaluation [ 28 ] (see Table  3 ). 
This change may be largely due in part to the 
movement of the fi eld into rehabilitation settings 
and the consequent need to describe not only 
cognitive functioning but also how psychological 
factors may impact “real-world” situations.

   Research has shown that psychosocial morbid-
ity is often associated with increased long- term dis-
ability [ 29 ], unemployment [ 30 ,  31 ], and poorer 
rehabilitation treatment outcomes [ 32 ,  33 ] after 
TBI. Furthermore, impaired self-awareness is a 
common symptom of severe brain injury and is a 
strong predictor of long-term functional outcomes 
and employment [ 34 ,  35 ]. Crosson and colleagues 
argue that to be truly effective, clinical interven-
tions in the post-acute phase of recovery need to 
incorporate an accurate assessment of self-aware-
ness into specifi c treatment interventions [ 36 ]. 

 Given the aforementioned correlations among 
awareness, mood and psychosocial disability, and 

long-term outcomes following TBI, it is important 
to address these psychosocial variables when 
conducting a comprehensive neuropsychological 
evaluation in the post-acute setting. One of the 
most valuable services provided by a neuropsy-
chological assessment may be to correctly identify 
the presence of substance abuse or mood disorder, 
the nature and extent of their impact on function-
ing, and make appropriate referrals to qualifi ed 
providers. Data regarding mood and psychosocial 
functioning may be best acquired through the 
patient and family interview, but may also be 
obtained through the use of standardized measures 
of mood, coping, awareness, and personality func-
tioning. Specifi cally, measures such as the Beck 
Depression Inventory-II (BDI-II) [ 37 ], Beck 
Depression Inventory-Fast Screen (BDI-FS) [ 38 ], 
Beck Anxiety Inventory (BAI) [ 39 ], Patient Health 
Questionnaire (PHQ-9) [ 40 ], and Generalized 
Anxiety Disorder (GAD-7) [ 41 ] have been found 
to be useful adjunctive tools in neuropsychometric 
assessments. Such measures can easily be incor-
porated into the clinical interview or administered 
at the time of the neuropsychological assessment 
to assist the clinician with conceptualizing the 
patients’ level of emotional functioning, associ-
ated needs, and assessing their capacity to benefi t 
from rehabilitation interventions.  

    Functioning in the Community: 
Premorbid and Current 

 Estimating pre-injury functioning is an important 
part of neuropsychological evaluation. In order to 
determine the optimal long-term outcome and the 
patient’s ability to return to pre-injury level of 
functioning and to work, we fi rst need to deter-
mine their pre-injury level of functioning. Lezak 
et al. [ 28 ] noted that accurately assessing the 
individual’s educational and work history is cru-
cial as it is one of the best predictors of post- 
injury level of functioning. Prior occupational 
history and the nature of pre-injury jobs are 
associated with post-injury employability 
2–5 years post injury [ 42 ]. 

 Vocational functioning following brain injury 
has key economic and clinical effects on 
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 reintegration to life and is important to consider 
when examining predictors of participation 
restrictions in individuals with brain injury. While 
often overlooked, inquiring about past involve-
ment in volunteer activities can also provide use-
ful information. This can help to (1) identify skills 
an individual may have beyond those which they 
use on the job, and (2) determine the extent to 
which they value work in an unpaid setting. Many 
skills used in volunteer settings may be very simi-
lar to those used in paid employment. Volunteering 
after brain injury has also been shown to be asso-
ciated with enhanced psychological well-being 
and may also provide an important step towards 
community-based employment [ 43 ]. 

 Information on educational history, employ-
ment history, and volunteering should all be a 
standard part of the clinical interview. This would 
include specifi c inquiries about any challenges 
faced in academic settings (i.e., tutoring, need for 
special education services, repeating grades), 
accommodations on the job, and a history of any 
diffi culty with maintaining steady employment. 
Knowledge of on-the-job diffi culties prior to the 
TBI, such as history of frequent confl icts with 
coworkers or charges of sexual harassment, can 
be extremely helpful in developing plans for 
post-injury return to work. It should always be 
kept in mind that what appears to be problematic 
behavior directly related to the effect of brain 
injury may actually be a pattern of behavior 
which long predates the brain injury. Failure to 
obtain an accurate history of pre-injury function-
ing in the work place may lead to incomplete 
plans for return to work. Patients may be unwill-
ing to disclose unpleasant aspects of their history, 
which only serves to reinforce the need for addi-
tional sources of information such as family 
members, former employers, or coworkers.  

    Instrumental Activities of Daily Living 

 As mentioned above, traditional neuropsycho-
logical tests do not directly assess daily activity 
limitations. However, daily activity limitations 
are the core diffi culties that signifi cantly impact a 
person’s ability to return to or sustain pre-injury 
levels of functioning and independence [ 44 ,  45 ]. 

Functional abilities are typically divided into two 
subgroups: Instrumental activities of daily living 
(IADLs) and basic activities of daily living 
(ADLs). Given that discussion of ADLs may not 
be common focus for many neuropsychologists, 
we have listed many common IADLs and ADLs 
in Table  4 . Neuropsychologists working in outpa-
tient rehabilitation settings typically focus on 
IADLs that encompass activities that allow indi-
viduals to function independently in everyday 
life including shopping, communication, driving, 
managing fi nances and medications, cooking, 
and transportation.

   Outpatient neuropsychological evaluations 
should assess the past and current level of activity 
limitations through clinical interviews. 
Interviewing family members or other persons 
who have been able to directly observe the 
patient’s function in day-to-day life can also be 
helpful with this assessment. When considered in 
the context of outpatient rehabilitation, which 
typically focuses on increasing a patient’s activ-
ity and participation through the implementation 
of compensatory strategies rather than by reme-
diating cognitive impairments, the utility of 
assessing IADLS becomes quite apparent.  

    Use of Compensatory Strategies 

 The development and application of compensa-
tory strategies such as a use of a planner/calendar 
in therapy has been demonstrated to be an effective 
means of improving functioning and diminishing 

   Table 4    Common ADLs and IADLs   

 Instrumental activities of daily 
living (IADL)-complex skills 
required to live independently 

 Activities of daily 
living (ADL)-basic 
self-care skills learned 
in early childhood 

 Telephone use  Feeding 
 Using public transportation  Toileting 
 Shopping  Grooming 
 Cooking/preparing meals  Bathing 
 Driving  Walking and 

transferring (e.g., from 
bed to chair) 

 Housework  Selecting proper 
clothing 

 Medications management  Dressing 
 Finance management  Maintaining continence 
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the impact of cognitive impairment on day to 
day life. While we know of no specifi c scale 
available to measure compensatory strategy use 
at present, direct inquiry as to the type and fre-
quency of compensatory strategy use should be 
included as part of any comprehensive assess-
ment. Assessing baseline compensatory strategy 
use is particularly relevant since research has 
shown that the exact frequency of compensatory 
strategy use may be associated with the level of 
independence in patients after acquired brain 
injury [ 46 ]. 

 Our research has shown that successful com-
pletion of an internet-based cognitive rehabilita-
tion program was more strongly correlated with 
baseline compensatory strategy use than cogni-
tive impairment [ 47 ]. Moreover, we also found 
that improved functioning after treatment was 
associated with greater level of compensatory 
strategy use. Inquiring about attitudes toward 
compensatory strategies may further elucidate 
the discrepancy between a patient’s current and 
predicted performance levels solely based on the 
measurement of cognitive impairment. It can also 
provide a means of determining the degree to 
which a patient will be open to, or capable of 
adopting, a treatment program suggested by their 
rehabilitation team members.   

    Neuropsychometric Testing 

    Symptom Validity and Measuring 
Objective Effort 

 In recent years there has been substantial growth 
in assessment of symptom validity as a part of 
routine neuropsychological evaluations. Inclusion 
of such measures in forensic evaluations is con-
sidered important to reach an accurate assessment 
of cognitive functioning. For persons working in 
clinical settings in which patients are referred for 
reasons of clinical need and not medical legal 
issues, true malingering is rare in our experience. 
However, poor performance on symptom validity 
testing still occurs in clinical settings. Discussion 
of effort testing and malingering in the TBI 
population is beyond the scope of this chapter and 

is discussed in more detail elsewhere in this book. 
However, we would briefl y like to highlight some 
of the factors that should be considered when 
individuals presenting to a brain injury rehabilita-
tion setting fail objective measures of effort. 
Possible factors which may account for subopti-
mal effort may include, but are not limited to, (1) 
the effects of comorbid medical/physical or sen-
sory impairments, (2) the effect of pain, fatigue, 
or emotional distress on the patient’s ability to 
engage in the evaluation, (3) communicating a cry 
for help, or (4) the effect of cognitive self-sche-
mas and appraisals about the impact of the brain 
injury [ 48 ].  

    Behavioral Observations 

 Beyond actual test performance, the emotional 
and physical reaction to undergoing testing can 
provide very useful information. Behavioral 
observations from the examiner and/or psy-
chometrist are often quite valuable and may pro-
vide insight into a patient’s frustration tolerance, 
reactions to success and failures, and the effect of 
fatigue on performance over the course of the 
evaluation. These behaviors may mirror many of 
the diffi culties which individuals with brain 
 injuries experience in challenging daily situa-
tions. If the focus of the assessment is on test per-
formance alone, this potentially valuable 
information will be missed. By conducting an 
assessment that comprehensively measures psy-
chological and cognitive functioning and qualita-
tive aspects of performance during and after 
testing, neuropsychologists are better suited to 
integrate information from the clinical interview 
and assessment and develop a more sophisticated 
and comprehensive understanding of the individ-
ual with TBI.  

    Cognitive Functioning 

 It is beyond the scope of this chapter to provide a 
detailed discussion of test selection when conducting 
an assessment, but a sampling of tests that address 
each component of the neuropsychological 
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evaluation in a post-acute rehabilitation setting 
are included in Table  3 . Many other texts describe 
the merits of specifi c tests and issues to be 
attended to more generally concerning test selec-
tion, administration, and interpretation [ 28 ]. 
While any neuropsychological assessment should 
comprehensively assess cognitive domains [ 28 ], 
some areas of cognitive functioning are stronger 
correlates of long-tern functional outcome than 
others. Executive functioning tests—including 
measures of cognitive fl exibility and planning, 
speed of processing information, attention, and 
memory—have been shown to better predict psy-
chosocial outcome both at 1-year and 10-years 
post injury, as compared to general measures of 
intellectual functioning and verbal fl uency [ 49 –
 52 ]. At the same time, measurement of executive 
functioning within limits imposed by the artifi -
cial and controlled nature of the testing environ-
ment is quite challenging. Consequently, family/
signifi cant other ratings of specifi c behaviors 
associated with executive dysfunction, such as 
the Behavior Rating Inventory of Executive 
Functioning (BRIEF) or Frontal Systems 
Behavior Scale (FrSBe), are a helpful addition to 
any assessment.   

    Successful Integration of 
Neuropsychology into the 
Outpatient Rehabilitation Team 

 In outpatient brain injury rehabilitation settings, 
team treatment and assessment are viewed as the 
gold standard of clinical service [ 53 – 55 ]. The 
challenge of a truly interdisciplinary approach to 
assessment and rehabilitation is working together 
in a manner in which each discipline compli-
ments the role of the other as a result of joint 
commitment to the same patient population [ 56 ]. 
Practicing in such a setting, in which a neuropsy-
chological assessment is an integral part of an 
overall team evaluation, can be extremely reward-
ing both professionally and clinically. It can also 
present a host of challenges due to working with 
disciplines whose approaches to assessment 
often differ from that typically conducted by 
neuropsychologists. 

 First and foremost, other practitioners within 
the rehabilitation discipline may not necessarily 
view a neuropsychological evaluation as offering 
any added value to the treatment process. This is 
particularly true if the neuropsychologist provid-
ing assessment services is not an actual member 
of the treatment team, but provides assessments 
in the role of an outside consultant. This lack of 
perceived value in the role of the neuropsycholo-
gist is often due to a lack of knowledge about the 
unique information which a neuropsychological 
evaluation can provide and/or having team mem-
bers who experienced working with neuropsy-
chologists who conduct evaluations which are 
narrowly focused on “impairment.” Among typi-
cal rehabilitation team members, neuropsycholo-
gists have unique expertise in relating patterns of 
cognitive dysfunction with brain lesions and 
understanding the impact of factors such as 
mood, psychiatric history, personality style, and 
effort on cognitive functioning. 

 Within the context of a rehabilitation team, 
neuropsychologist’s expertise can also be used to 
help strengthen the fi ndings and assessments con-
ducted by other team members. If done with pro-
fessional respect and deference, promoting the 
value of a neuropsychological assessment can 
help enhance the reputation of the neuropsycholo-
gist on the team, increase the value of the fi ndings 
of the assessments of other team members, and 
most importantly yield results that holistically 
describe the patient and their current situation. 

 Blair and Gorman [ 19 ] outlined the following 
common challenges that neuropsychologists 
face in rehabilitation settings: (1) the need to 
join the system (rather than simply consulting 
it), (2) deferring to other rehabilitation team 
members, and (3) helping other disciplines inte-
grate what on the surface may appear to be 
disparate fi ndings. For instance, examples of 
confusing and often contradictory behavior (e.g., 
having diffi culty with initiation in one setting, 
versus being extremely disinhibited in another) 
may actually be examples of a common underly-
ing problem (e.g., frontal systems dysfunction). 
By becoming actively involved with the team 
and practicing active listening, the neuropsy-
chologist can uniquely integrate the opinions 
and fi ndings of other team members, help with 
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behavioral management, and lead to an assessment 
which is much more than simply the sum of its 
collective parts.  

    Providing Feedback to Patients, 
Families, Caregivers, and Other 
Rehabilitation Providers 

 Even a well-done comprehensive neuropsycho-
logical assessment is of no real value if the 
results are not conveyed to the persons being 
served. Only when these persons truly are 
assisted to understand, digest, and use this infor-
mation, will the assessment have the intended 
impact upon the patient’s situation. In our view, 
the work of the neuropsychologist conducting 
the evaluation is not entirely complete until feed-
back has been provided. 

 By giving feedback to the referral source, the 
neuropsychologist has the opportunity to pro-
vide more than information on changes in cog-
nition and behaviors following brain injury. By 
incorporating the ICF model and including key 
categories of information which we have 
described here, the neuropsychologist can con-
vey the important message that functioning may 
be understood only when the focus of the assess-
ment goes beyond level of impairment. This 
may help a referral source understand why an 
individual with a long history of being an over-
achiever, and whose sense of self is tied to their 
professional productivity and ability to “do it 
all,” seems disproportionately impacted by what 
seem to be very minimal changes in cognitive 
functioning on formal testing. Alternatively, 
providing feedback to a referral source may 
allow a neuropsychologist to explain why an 
individual with notable cognitive impairment 
but an established pattern of compensation strat-
egies may be able to live in the community with 
minimal support. Providing this feedback and 
education is particularly important when the 
referral source is someone who is not familiar 
with rehabilitation and issues related to func-
tioning. In other words, the neuropsychologist 
can highlight the idea that issues beyond level of 
impairment in mental skills determine level of 

functioning and, consequently, provide valuable 
service beyond the referral question. 

 Most neuropsychologists report that they 
commonly provide feedback directly to patients 
and that this information is viewed as helpful and 
positive by the vast majority [ 57 ]. Given the 
potential impact, direct feedback to the patient 
should be framed in a manner that is understand-
able and therapeutic. The challenge in giving 
feedback to persons with impaired cognitive 
function and minimal appreciation of their vari-
ous limitations is in conveying this information in 
a meaningful and applicable-to-daily-life man-
ner. The key point to remember is that the person 
receiving feedback may have cognitive diffi cul-
ties that interfere with the ability to understand, 
remember, and process the information and how 
the fi ndings would impact his/her daily function-
ing. As such, it is most important to involve key 
family members, caregivers, or other interested 
parties in the feedback session. 

 Correlating specifi c test results with examples 
of problems in everyday living, as well as using 
analogies and even metaphors for the problem 
being discussed, can be more palatable [ 58 ]. 
Frequent use of pauses, clarifi cations, and having 
the patient restate what they have learned can 
also be helpful. If the patient is scheduled to 
return for follow-up therapy, then further ses-
sions may help patients in developing strategies 
to address problems. Finally, the feedback ses-
sion should be followed-up with a letter summa-
rizing the discussion. 

 While the assessment is focused on the patient, 
family and caregivers are also commonly experi-
encing signifi cant emotional stress associated 
with adapting to the complex behavior and per-
sonality changes that occur after TBI. A majority 
of caregivers for persons with TBI report 
increased stress [ 59 ] and almost half of persons 
living with a loved one with TBI endorse symp-
toms that meet criteria for one or more psychiat-
ric diagnoses [ 18 ]. Addressing the well-being of 
caregivers and family members can facilitate the 
rehabilitation and recovery of the family member 
with TBI [ 60 ]. Providing feedback to family 
members can validate their perceptions of the 
major issues which are impacting the survivor’s 
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functioning and provide additional insights 
which can lead to better methods of dealing with 
common challenges. 

 The feedback session also provides a venue 
for the discussion of issues that may predate the 
injury, but which the family had been unwilling 
or unable to confront previously. A family who is 
reluctant to discuss mental health issues or who 
has a permissive attitude about substance use can 
be provided with information that facilitates their 
understanding of how these factors impact the 
recovery and treatment of brain injury. By under-
standing how these issues impact recovery from 
brain injury, family members may be empowered 
to help their loved one seek out treatment for a 
problem which has existed for some time. 

 While feedback regarding assessment results 
to the patient and their family is obviously impor-
tant, it is also important to provide feedback to 
rehabilitation team members who will ultimately 
provide treatment to address the various chal-
lenges described in the assessment. As we have 
described earlier, this information will be better 
received and utilized if the neuropsychologist 
providing the assessment is also functioning as 
part of the treatment team. Such an arrangement 
provides the obvious advantage of the opportu-
nity to revisit concerns raised in the assessment 
as the team continues to work with the patient. 
Providing test feedback during one or more ther-
apy sessions provided by key team members can 
be a very powerful means of increasing the 
chance that test results will be incorporated into 
treatment. For neuropsychologists who function 
in a consulting role, it is important that they fi nd 
a forum in which the information is not simply 
relayed to treatment team members, but in which 
there is an active dialogue in which questions can 
be answered. This can best be done by participat-
ing in a regular team meetings and patient care 
conferences.  

    Case Study 

 Jan is a 46-year-old female who was involved in 
a motor vehicle crash while driving to work, 
when her car slid off of the road one January 

morning and struck a tree. She was a restrained 
driver, the only person in the car, and no other 
vehicles were involved in the accident. She may 
have had some loss of consciousness, although 
there were no observations of that at the scene. 
Within minutes after the accident, she was found 
by a passing motorist who described her as being 
groggy but awake and talking in a somewhat 
nonsensical manner. Emergency responders 
were called and she was brought to the local hos-
pital emergency department, where work-up 
including imaging studies of the brain were 
found to be negative. 

 She has no memory for the car crash or for 
events occurring an hour before or after, and 
incomplete memory for events for up to 24 h after 
the crash. She also suffered a fractured left femur 
for which she underwent orthopedic surgery. Her 
hospital stay lasted for several days, during which 
time her mental status quickly improved. Because 
of her femur fracture, she was for a time trans-
ferred to an extended care facility and ultimately 
returned home. She later went on to receive phys-
ical therapy once her weight bearing status was 
improved. Due to the rapid improvement in her 
mental status, no complaints of changes in her 
cognition, and the fact that she did relatively well 
on screening exams of her mental status within a 
few days of hospital admission, no further ther-
apy was ordered to address cognitive issues. 

 At the time of her crash, Jan was employed as 
a full professor in humanities at a private 
religious- affi liated college. She had become a 
full professor just several years before and was 
quite accomplished and well published in her 
fi eld. She is a single parent of three children and 
has primary responsibility for raising the chil-
dren. Her children range from upper high school 
to upper grade school level. She was described by 
others as someone who is able to handle a variety 
of responsibilities and quite gifted at multi- 
tasking. In addition to her full time work and her 
responsibilities as a parent, she also was involved 
in a community singing group which performed 
throughout the region. 

 As her physical recovery improved, Jan 
attempted to return to work, but found this quite 
diffi cult. This included managing her teaching 

T.F. Bergquist et al.



91

load, her writing responsibilities, and other 
 professional organizations in which she partici-
pated. She felt overwhelmed by her work, was 
increasingly frustrated, and even became despon-
dent to the point of concern for possible depres-
sion. She was ultimately referred to a specialized 
brain rehabilitation program approximately 6 
months after her injury. She underwent workup, 
including neuropsychological evaluation, which 
found some mild slowing in her speed of cogni-
tion and marginally poor performance in selected 
aspects of executive functioning (e.g., conceptual 
reasoning ability), but otherwise generally aver-
age, or in most cases, above average performance. 
She initiated a program of cognitive rehabilita-
tion. Prior to her injury, Jan had made limited use 
of compensation strategies, such as a planner, 
and prided herself on her ability to keep track of 
her own schedule and that of her children and 
other tasks quite well “in her head.” 

 Further conversation with her indicated that 
she is someone, who when growing up, received 
limited reinforcement and encouragement for her 
many achievements from her parents in their 
attempts to not treat her differently than her sib-
lings who were not as accomplished as she was. 
As a result, in order to obtain some sense of 
acknowledgment from her parents, she devel-
oped a strong focus on achievement which also 
was her principle means of developing any sense 
of self-worth and acknowledgment. She also 
admitted she enjoyed “doing it all,” and pushing 
herself to the limit of her abilities. At such times, 
she felt as though she was accomplishing some-
thing and felt good about herself. 

 Initial attempts by her therapy team to help 
her develop compensation strategies and organi-
zational strategies were met with a great deal of 
opposition and frustration, given that she could 
no longer “do it all in her head.” She felt that hav-
ing to write things down and rely on strategies to 
help her organize, retain information, and plan 
ahead for activities, was a refl ection of the loss of 
ability that she had suffered and diminished her 
sense of self-esteem and self-worth. Further 
exacerbating her stress was the fact that many 
individuals who knew her were perplexed as to 
why she did not go back to work, and many even 

suggested that she could return to work if she 
really tried harder. In fact, several attempts to 
return to work early in her recovery had only 
caused her greater frustration and seemingly 
increased her diffi culties with organizational 
ability, diminished fatigue, and increased irrita-
bility. In seemed to her that the harder she tried to 
function, the worse she ended up doing. To 
address these signifi cant emotional and interper-
sonal issues, she was seen for psychotherapy in 
coordination with her cognitive rehabilitation, 
with the primary aim of maximizing the effec-
tiveness of her treatment. 

 This case points out the need to go beyond tra-
ditional neuropsychological testing, focused as it 
is on cognitive impairment, and understand: the 
demands of the environment in which the indi-
vidual was functioning previously and towards 
which they would like to return; historical, emo-
tional, and psychosocial factors that may be 
impacting this individual at present, particularly 
aspects of personality style which impact inter-
pretation of the changes associated with their 
 history of traumatic brain injury; current use of 
compensation strategies and receptiveness to fur-
ther developing such strategies.  

    Summary 

 The neuropsychological assessment provides a 
unique means of describing the many factors 
which impact functioning in the person with 
brain injury. In the acute phase of recovery, eval-
uation typically focuses on assessment of fl uctua-
tions in mental status, emotional adjustment, and 
neurobehavioral sequelae. In the post-acute phase 
of recovery, the focus of assessment changes to 
examining factors which together explain the chal-
lenges a patient faces in everyday life and making 
treatment recommendations. This type of assess-
ment requires a change in focus from traditional 
neuropsychological assessment, with its emphasis 
on documenting level of cognitive impairment, to a 
model that appreciates and accounts for differences 
between changes in mental and body structures, 
activity limitations, and participation restrictions. 
Such a model also examines the various individual 
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and environmental factors that impact recovery, 
rehabilitation, and long-term outcomes. When a 
neuropsychologist becomes an integral part of 
the rehabilitation treatment team, it (1) ensures 
that the results of the assessment are provided to 
patients, their families, and referral sources, (2) 
provides results of the assessment as a means of 
understanding challenging cognitive and behav-
ioral issues, and (3) increases the likelihood of 
treatment success, independence, and improved 
quality of life.     
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        Introduction 

 Outcome assessment in rehabilitation has gained 
increasing attention over the last decade. A spe-
cial issue of the Archives of Physical Medicine 
and Rehabilitation in October 2011 details the 
immense amount of resources that have been 
invested by the federal government in an attempt 
to establish a set of standards for outcome mea-
surement in rehabilitation medicine. The authors 
of the introductory article describe how deliber-
ate item development based on a clear vision of 
the purpose of outcome measurement in reha-
bilitation, combined with state-of-the-art data 
analytic strategies, is beginning to produce mea-
sures that will meet the needs of researchers and 
clinicians working in rehabilitation medicine 
[ 1 ]. The continuing emphasis on the develop-
ment and application of rational outcome mea-
surement in rehabilitation, as demonstrated in 
these series of articles, is understandable given 
the serious infl uence that outcome assessment 
can exert on patients, clinicians, researchers, and 
third party payors. 

 The noteworthy investment of resources 
dedicated to the development of standardized 
outcome assessments is necessary given the 
complexity inherent in conceptualizing and 
quantifying rehabilitation outcomes, especially 
outcome following traumatic brain injury 
(TBI). Following TBI, relevant targets for out-
come assessment include an extensive list of 
signs, symptoms, and/or functional limitations 
and restrictions. Furthermore, outcome after 
TBI is a dynamic construct dependent on a host 
of factors such as severity of injury, time since 
injury, age, social supports, and availability of 
rehabilitative care. The context of the outcome 
assessment (e.g., treatment planning, interven-
tion trial, etc.) also dictates the type of infor-
mation which will be most pertinent. Lastly, 
there are potentially several stakeholders of 
any outcome assessment, each with varying 
needs and requirements. Clinicians may require 
outcome data to determine if their intervention 
has had the intended consequence and to identify 
further rehabilitation needs of clients served. 

In addition, measuring outcomes after treat-
ment is not only a  requirement of accrediting 
bodies (e.g., Commission on Accreditation of 
Rehabilitation Facilities [CARF]), but affords 
opportunities to identify the characteristics of 
those clients who may benefi t from a particular 
treatment, at a particular time, and for evaluat-
ing maintenance of gains made in treatment 
over time. Individuals with a history of TBI, 
their care providers, and their advocates may 
use outcome data to better understand the 
strengths and weakness of the individual (so as 
to inform treatment needs and approaches) and 
for the purposes of life care planning, if neces-
sary. Third party payors and researchers may 
use outcome assessment as a means for objec-
tively quantifying the benefi t of individualized 
or programmatic interventions. Lawmakers, in 
turn, may use outcome information provided 
by advocates and researchers to shape public 
policy affecting those with a history of TBI. 
The complexities of outcome assessment delin-
eated above are refl ected in the diversity of 
assessment tools that are available and the 
ongoing development of new tools.  

    Construct of Outcome 
Following TBI 

 The construct of outcome following TBI is as 
multifaceted as the seemingly endless number of 
unique clinical presentations in a population of 
TBI survivors. Capturing the totality of outcome 
following TBI thus often requires the selection of 
a battery of outcome instruments, although there 
is currently little guidance outside of recommen-
dations for research to help guide clinicians in the 
selection of appropriate outcome measures [ 2 ]. 
The result has been the use of varying instru-
ments across studies, making it diffi cult to 
compare results across studies and/or lack of 
inclusion of specifi c items sensitive to a rehabili-
tation population [ 1 ]. The rehabilitation commu-
nity has, however, largely accepted the broad 
classifi cation of health as outlined in the World 
Health Organization’s International Classifi cation 
of Functioning, Disability and Health (ICF) [ 3 ]. 

N.J. Pastorek and T.L. Veramonti



97

Within this framework, health-related problems, 
such as those expected following TBI, are orga-
nized under several important themes: impair-
ments in body structures and functions, activity 
limitations, and participation restrictions. While 
a full review of the ICF framework is beyond the 
scope of the chapter, it is worth noting that this 
organizational scheme is well suited to aid in the 
conceptualization of outcome following a com-
plex disease or injury such as TBI. For instance, 
the creators of the ICF intend that the infl uence of 
impairments in body structures and functions, 
activity limitations, and participation restrictions 
be viewed as multi-directional. This viewpoint is 
highly consistent with the experience of TBI spe-
cialists who have learned to recognize the com-
plex interplay between injury, personal, and 
environmental factors. 

 Further complicating selection of an appropri-
ate outcome battery is that severity of impair-
ment, limitations, and restrictions associated with 
TBI can change drastically over the course of 
recovery. Of note, recent conceptualizations con-
sider TBI as a “chronic” condition as opposed to 
a single event, emphasizing the need to capture 
relative outcomes, including assessment of qual-
ity of life, throughout the lifespan (particularly 
for those individuals with moderate to severe 
injuries) [ 4 ]. While widely used measures such as 
the Functional Independence Measure (FIM) [ 5 ] 
and the Disability Rating Scale (DRS) [ 6 ] may be 
useful in tracking patients through hospital dis-
charge and initial outpatient therapies, these mea-
sures demonstrate signifi cant ceiling effects in 
persons with less severe injuries and those more 
severely injured persons who have experienced 
particularly good recovery [ 7 ]. These ceiling 
effects refl ect very real changes in the construct 
of “recovery” (i.e., how recovery is defi ned and 
measured) during the acute, sub-acute, and post- 
acute recovery periods following TBI. For exam-
ple, items measuring independence in grooming 
or feeding may capture important change early in 
recovery, while items focusing more on commu-
nity reintegration issues, such as return to work 
or participation in leisure activities, become 
more pertinent as TBI survivors transition into 
late recovery. In order to address these limitations, 

adjustments have been made to existing measures 
(e.g., the addition of the Functional Assessment 
Measures (FAM) to the FIM) and other measures 
have been developed specifi cally to assess com-
munity reintegration goals (e.g., Community 
Integration Questionnaire (CIQ) and the Mayo- 
Portland Adaptability Inventory-4). 

 Even when appropriate outcome assessment 
tools are identifi ed, the application of these mea-
sures requires careful deliberation, as interpreta-
tion of data is not always straightforward. In 
cases where impaired awareness is a problem, 
outcome measures that rely largely on clinician 
and/or signifi cant other report rather than self- 
report may be more informative about the 
patient’s overall level of functioning [ 8 – 12 ]. 
Conversely, absolute reliance on information 
provided by clinicians or signifi cant others is 
problematic because this approach is highly 
dependent on the interviewer’s knowledge of the 
patient’s functional abilities, may change as 
rapport is built between the patient and inter-
viewer, and can be untowardly infl uenced by 
extraneous patient characteristics or environ-
mental variables [ 13 ,  14 ]. Developers of out-
come measurement tools have attempted to 
address this problem by designing forms appro-
priate for use by patients and others, and by 
exploring the utility of combining and/or com-
paring ratings from the patient and others [ 15 ]. 

 Even when highly reliable data regarding out-
come following TBI are available, impairments, 
limitations, and restrictions identifi ed through 
outcome assessment may not be solely attribut-
able to the history of TBI. While moderate and 
severe TBI is frequently associated with neuro-
logical signs (e.g., hemiparesis, spasticity, visual 
fi eld defect) that can be attributed directly to 
traumatically induced neuropathological 
changes, the cognitive and emotional symptoms 
often present after mild through severe TBI are 
non- specifi c in nature and share many features 
with psychiatric disorders. The issue of overlap-
ping symptoms is especially problematic given 
the high frequency of psychiatric disorders in 
individuals with a history of TBI. For example, 
53.1 % of a sample of 559 civilians hospitalized 
for complicated mild through severe TBI met 

Outcome Assessment



98

criteria for major depressive disorder during the 
fi rst year post injury [ 16 ]. The high prevalence of 
comorbid posttraumatic stress disorder in ser-
vice members and civilians with a history of 
mild TBI is also compelling, with 33–39 % 
comorbidity in service members and 12–27 % 
comorbidity in civilians [ 17 ]. Carefully parsing 
the etiology of symptoms after TBI is important 
to the extent that therapeutic recommendations 
vary depending on the etiology.  

    Selecting Outcome Measures 

 Like most injuries and disorders affecting the 
central nervous system, TBI is associated with a 
range of impairments in body structures and 
functions, activity limitations, and participation 
restrictions. The manifestation of TBI-related 
problems in any one individual is infl uenced by 
a multitude of factors including: injury charac-
teristics (e.g., initial TBI severity, related 
musculoskeletal injuries, time since injury); pre-
injury demographic factors (e.g., socioeconomic 
status, employment status, age, marital status, 
education level); personal factors (e.g., psychiatric 
history, overall health status, coping skills); and 
environmental factors (e.g., support from family 
and friends, accessibility in the community, 
access to healthcare). Furthermore, impairments, 
activity limitations, participations restric-
tions, and psychological health can exert 
 complex, bi- directional infl uences [ 3 ,  18 ]. 
These bi-directional infl uences can be associ-
ated with changes in functioning that are not 
always easily predictable, but may be nonetheless 
extremely meaningful to the TBI survivor. For 
example, hemiparesis in one or more extremi-
ties is a common impairment in body function 
following severe TBI, which can result in prob-
lems carrying out activities of daily living and 
participation in community activities. While 
hemiparesis may be expected to improve over 
time, physical inactivity due to an increase in 
depression with subsequent social isolation 
months or even years post-injury can lead to an 
unexpected worsening of the hemiparesis. Due to 
the highly interactive infl uences of impairments, 

activity limitations, and participation restrictions, 
targeted interventions may have unintended (or 
intended) consequences beyond their ostensible 
purpose. For this reason, the use of multiple out-
come measures rather than a single outcome 
measure is often recommended to capture the 
totality of the effects of rehabilitation interven-
tions [ 19 ]. Fortunately, a wide array of outcome 
measures are available to document the equally 
varied types of impairments and limitations that 
are common following TBI (for example, see 
 The Center for Outcome Measurement in Brain 
Injury .   http://www.tbims.org/combi/    ). 

 The previously discussed considerations in out-
come assessment are perhaps among the most 
clinically relevant issues, but by no means repre-
sent an exhaustive list. Please see Table  1  for a 
comprehensive list of outcome assessment selec-
tion criteria adapted from Hall [ 20 ]. Hall identifi ed 
many critical technical considerations in the selec-
tion of outcome measures. Inherent in these con-
siderations for test selection is the tension that 
necessarily arises when attempting to satisfy each 
consideration while also meeting time and resource 
demands. Each researcher or clinician must care-
fully determine the goal for outcome assessment 
in their unique context (e.g., programmatic evalu-
ation of a post-acute brain injury rehabilitation 
facility, assessment of an intervention for a spe-
cifi c cognitive problem) and fi nd a balance 
between all the considerations listed in Table  1 .

   The remainder of the chapter will serve as a 
review of outcome measures commonly used fol-
lowing TBI. We will focus on measures used in 
the assessment of early and late outcomes from 
hospital discharge to late follow-up (1 year or 
greater post-injury). Clinically relevant informa-
tion about each measure will be included in 
tables. Practical considerations regarding the use 
of measures in clinical practice will be discussed. 
Finally, a case example will be used to highlight 
the potential uses of various measures. 

 Case Example:    Mr. Smith is a 48 year - old ,  right -
 handed ,  married gentleman who sustained a trau-
matic brain injury with polytrauma secondary to a 
motor vehicle accident. At the time of his injury , 
 Mr. Smith was employed full - time as a foreman in 
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a construction company. Mr. Smith completed col-
lege and denied any history of academic diffi cul-
ties. He reported a history of alcohol dependency , 
 for which he received inpatient and outpatient 
treatment about 8 years prior to this injury. He 
was then sober for almost 7 years ,  but returned to 
regular ,  heavy alcohol consumption about 14 
months prior to injury. There was also report of 
remote history of recreational drug use . 

  Regarding his motor vehicle accident ,  Mr. Smith 
had positive loss of consciousness at the scene 
and was transported via EMS to a local level 
one trauma center ,  where his Glasgow Coma 
Scale  ( GCS )  score upon arrival to the emer-
gency room was 7. The initial cranial CT revealed 
a left frontotemporal subarachnoid hemorrhage , 
 right frontal contusion ,  and subdural hematoma , 
 without midline shift. Medical workup addition-
ally revealed a positive blood alcohol level. 
Mr. Smith did not require neurosurgical inter-
vention and there was no report of early seizure 
activity. He began following commands 7 days 
post - injury . 

  Mr. Smith was transferred to an acute reha-
bilitation hospital about 3 weeks post - injury. 
Duration of posttraumatic amnesia ,  based on 
serial assessment with the Galveston Orientation 
and Amnesia Test  ( GOAT ),  was 1 month. Results 
of a baseline neuropsychological evaluation at 
approximately 5 weeks post - injury were notable 
for impairments in memory ,  executive function-
ing ,  and cognitive and motor processing speed. 
Behaviorally ,  Mr. Smith ’ s wife noted that he dis-
played reduced frustration tolerance since his 
injury. He also presented with poor awareness of 
his injury - related defi cits and their implications . 

  Mr. Smith was transferred from the acute 
rehabilitation setting to a post - acute residential 
treatment facility at about 2 ½  months post - injury , 
 where his treatment program focused on facilitat-
ing his ongoing physical recovery as well as 
improving his awareness and implementing cog-
nitive compensatory strategies. At 4 months post - 
injury    ,  Mr. Smith transitioned to an outpatient 
day treatment program ,  where he worked with a 
vocational counselor to facilitate his vocational 
re - integration. Although the combined severity of 
his persistent cognitive and physical impairments 
did not allow for his return to his pre - injury posi-
tion ,  his vocational counselor worked with Mr. 
Smith to identify alternative vocational options. 
Mr. Smith and his wife stayed with family during 
his post - acute recovery period so that he could 
attend the outpatient day treatment program ,  but 
eventually transitioned back to their home in a 
rural community . 

    Table 1    Technical considerations for outcome measure 
selection    

 Outcome assessment 
selection criteria  Defi nition 

 Validity  Extent to which a scale 
measures what it claims 
to measure 

 Reliability  Degree to which results 
are replicable 

 Sensitivity or precision  Ability to detect change 
 Time required to complete 
the measure 

 Time required for 
administration 

 Expertise required to 
complete the measure 

 Amount of training and 
knowledge required by 
the rater 

 Comparability  Frequency of use by other 
professionals 

 Continuity  Time of recovery in which 
the measure is reasonably 
applicable and sensitive to 
change 

 Phone/internet capability  Ability to administer the 
measure by phone or 
internet 

 Standardization  Degree to which the scale 
was thoughtfully 
developed for the 
population 

 Supportive documentation  Quality of manualized 
information pertaining to 
administration procedures, 
limitations, etc. 

 Age limitations  Degree to which the 
instrument is relevant 
across the lifespan 

 Comprehensiveness  Degree to which the 
instrument captures the 
multidimensional nature 
of outcome after TBI 

 Availability of tool  Ease with which an 
instrument can be 
acquired 
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    Global Measures of Outcome 

 For an overview of practical considerations 
regarding the use of global measures in clinical 
practice please refer to Table  2 . Global outcome 
measures such as the Glasgow Outcome Scale 
(GOS) [ 21 ] are broad-based measures of out-
come after TBI. As such, these measures play a 
very limited role in informing individualized 
treatment planning and may actually be best 
suited to describe outcomes in groups of cases 
recovering from severe TBI [ 22 ]. There is evi-
dence, however, that ratings on global outcome 
measures in the fi rst several months post injury 
are predictive of long-term psychosocial out-
comes [ 23 ,  24 ]. These measures are characteristi-
cally rapid to administer, typically requiring the 
rater to briefl y synthesize several indicators of 
impairment, activity, and participation before 
assigning a categorical rating to the person with 
TBI. The relative insensitivity to change in early 
global outcome measures, such as the fi ve- 
category GOS, led to the development of global 
measures with a greater number of categories 
(i.e., Extended GOS) [ 25 ] and others that were 
summed across individual items to create an ordi-
nal score (i.e., DRS; [ 6 ]). While the items on the 
DRS still measure a combination of impairment, 
activity, and participation factors with no attempt 
to assess the person’s perception of their own 
level of functioning, the breaking down of 
broadly described categorical outcomes into 
more plainly delineated items represented an 
important transition to more circumscribed mea-
sures of activity and participation.

    Case Example — continued. Mr. Smith ’ s treat-
ment teams in the acute rehabilitation setting and 
at the post - acute residential facility may have 
found ratings on global outcome measures ,  such 
as GOS and DRS ratings made at the time of dis-
charge from the acute trauma center ,  helpful as 
prognostic indictors for long - term outcome. 
While precise predictions regarding specifi c 
long - term activity and participation restrictions 
would be unreasonable ,  the treatment staff at 
these facilities could have used results of initial 
injury severity characteristics and global out-

come indicators to tentatively prepare the person 
with TBI and their family for the most likely 
scenarios regarding supervision needs or likeli-
hood of returning to competitive employment  
[ 26 ].  Prognostic information of this sort could be 
essential in helping the family to prepare for the 
long - term consequences of a signifi cant TBI  
( e.g .,  loss of income ,  need for supervision ,  etc .).  

    Measures of Disability and Activities 
of Daily Living 

 Measures of disability and activities of daily liv-
ing provide specifi c information about a range of 
behaviors considered essential for self-care (See 
Table  3 ). Behaviors are typically rated in terms of 
the patient’s level of independence, or by how 
much assistance and supervision are necessary 
for the patient to safely and successfully com-
plete common tasks. These basic self-care behav-
iors typically have been the focus of interventions 
during the acute and sub-acute recovery periods 
following a signifi cant brain injury, thus making 
measures of activities of daily living ideally 
suited for tracking individual recovery during ini-
tial inpatient care. Of note, however, is that as 
inpatient, hospital-based rehabilitation lengths of 
stay have decreased, some of these goals are now 
frequently being addressed in the post-acute 
phase of recovery [ 27 ].

   Since the raters must observe and evaluate 
many different behaviors, measures of disability 
and activities of daily living typically require 
longer administration times relative to global out-
come measures. The design of these measures 
(i.e., many items rated individually on Likert- type 
scales with similar underlying anchors), however, 
allows for the application of powerful test devel-
opment techniques such as Item Response Theory. 
The FIM [ 5 ] is one of the most widely used mea-
sures of activities of daily living. One important 
limitation of the FIM is its relative insensitivity to 
change in the post-acute stages of recovery as the 
focus of TBI rehabilitation transcends basic ADLS 
and transitions to maximizing functioning in the 
community [ 7 ]. It should be noted, however, that 
FIM scores measured during acute recovery are 
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101   Table 2    Global measures of outcome   

 Instrument (reference)  Content & administration  Relevant clinical issues 

 Glasgow Outcome Scale 
(GOS) [ 21 ]; Glasgow 
Outcome Scale-Extended 
(GOS-E) [ 22 ] 

 The GOS is a measure of global outcome 
that classifi es individuals into 1 of 5 
rank-ordered categories: good recovery, 
moderate disability, severe disability, 
vegetative state, dead. The GOS requires 
only a few minutes to rate; ratings can be 
obtained by medical record review 

 • “Gold standard” in neurosurgical 
outcome studies 

 • Quick and easy to complete, categories 
correspond to those used by 
“laypersons,” making it clinically 
useful in delivering prognostic 
information 

 The GOS-E has 8 rank-ordered categories: 
upper good recovery, lower good recovery, 
upper moderate disability, lower moderate 
disability, upper severe disability, lower 
severe disability, vegetative state, dead. 
The GOS-E may take 5–15 min to rate; 
ratings are made via structured interview 

 • GOS less sensitive to recovery after 
TBI beyond 6 months post-injury [ 41 ] 

 • GOS-E addressed limitations of GOS, 
by adding more specifi c categories to 
improve sensitivity and a structured 
interview to improve reliability; found 
to be associated with 
neuropsychological test fi ndings and 
measures of disability [ 42 ] 

 Disability Rating Scale 
(DRS) [ 6 ] 

 The DRS is a measure of global outcome 
intended to assess general functional 
changes over the course of recovery after 
brain injury, from coma to community. 
The DRS consists of 8 items 
corresponding to the following areas of 
functioning: eye opening, verbalization, 
motor response, level of cognitive ability 
for feeding, toileting, and grooming, 
overall level of independence, and 
employability. Scores range from 0 (no 
disability) to 29 (extreme vegetative state). 
The DRS can be rated in-person or via 
phone interview with the individual or his/
her support network or from retrospective 
medical record review. Time to rate the 
DRS depends on knowledge of individual 
(range <1–15 min) 

 • Developed in rehabilitation setting; can 
be used both in inpatient and follow-up 
evaluation to track recovery over long 
term 

 • Found to be more sensitive than GOS 
to changes in recovery; however, still 
insensitive to changes for those at 
higher range of functioning (i.e., lower 
end of scale) as well as of subtle but 
sometimes signifi cant changes made by 
an individual in a specifi ed time 
window. Likelihood for ceiling effects 
increase as time post injury continues 

 • DRS scores have been used to predict 
return to competitive employment after 
TBI. DRS scores have also been shown 
to correlate with supervision needs 

 Rancho Level of 
Cognitive Functioning 
Scale (LCFS) [ 43 ] 

 The LCFS was developed to measure 
cognitive functioning in individuals 
emerging from coma to facilitate treatment 
planning and to assess recovery and 
outcome. Individuals are categorized into 1 
of 8 levels: I no response; II generalized; 
III localized; IV confused-agitated; V 
confused; inappropriate; non-agitated; VI 
confused-appropriate; VII automatic-
appropriate; VIII purposeful-appropriate 

 • Limited sensitivity to subtle changes in 
recovery. Can be diffi cult to classify 
individuals into one category when 
they manifest characteristics of 
multiple categories 

 • LCFS scores have been shown to be 
predictive of returning to work and 
school [ 44 ] 

 Supervision Rating Scale 
(SRS) [ 45 ] 

 The SRS is a 1-item instrument that 
measures amount of supervision a person 
is receiving from caregivers. Responses are 
rated on a 13-point ordinal scale and range 
from 1 (no supervision needs) to 13 
(patient in physical restraints). Ratings are 
optimally based on direct observation but 
can be extrapolated from information in 
medical record in certain cases; 
completion time is brief 

 • Ratings are based on amount of 
supervision actually received, not 
what is judged or predicted to be 
needed. Ratings refl ect level of 
supervision due to cumulative impact 
of different (i.e., cognitive, behavioral, 
physical) symptoms 

 • SRS ratings have been shown to be 
strongly associated with ratings on 
DRS and GOS. SRS rating also 
shown to have consistent relationship 
with independence in self-care and 
instrumental activities of daily 
living [ 45 ] 
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predictive of important psychosocial outcomes 
such as employment [ 23 ]. The relatively low 
ceiling of the FIM was addressed by the develop-
ment of the FAM [ 28 ], an extension of the FIM 
which includes a greater focus on functioning in 
the community. While this attempt to raise the 
ceiling of the FIM by creating additional items rel-

evant to community reintegration was conceptu-
ally sound, the FIM + FAM still suffers from 
signifi cant limitations in monitoring long-term 
outcome from TBI [ 7 ]. 

 The Mayo-Portland Adaptability Inventory-4 
(MPAI-4) [ 29 ] offers an alternative to earlier mea-
sures of activity and was developed specifi cally to 

    Table 3    Measures of disability and activities of daily living   

 Instrument (reference)  Content & administration  Relevant clinical issues 

 Functional Independence 
Measure (FIM) [ 5 ] 

 The FIM is an 18-item ordinal scale 
consisting of 13 physical independence 
items (i.e., self-care, sphincter control, 
transfers, mobility) and 5 cognitive items 
(i.e., communication and social cognition). 
Scores on each item range from 1 (total 
assistance required) to 7 (complete 
independence). The Uniform Data System 
for Medical Rehabilitation (UDS) provides 
training materials and includes standards 
required for inter-rater reliability. The FIM 
can be completed in 20–30 min via clinician 
conference, observations, or telephone 
interview 

 • Widely used in acute inpatient 
rehabilitation setting to assess 
changes in level of functioning 
between admission and discharge 

 • Correlated with GOS and DRS 
 • Insensitive to more subtle 

changes expected after acute 
inpatient rehabilitation discharge; 
ceiling effects at 1 year 
post-injury [ 7 ] 

 • Few items emphasizing 
cognitive, behavioral, and 
communication, and community 
functioning—therefore, less 
relevant for TBI population 

 Functional Assessment 
Measure (FAM) [ 28 ] 

 The 12-item FAM was developed as an 
adjunct to the FIM, to enhance applicability 
to those with brain injury, and does not 
stand alone. Items are also rated on a 
7-point ordinal scale. The FAM addresses 
cognitive, behavioral, communication, and 
community functioning considerations. The 
combined 30-item FIM + FAM requires 
approximately 30 min to complete 

 • Ceiling effects less problematic 
when FAM added to the FIM [ 7 ] 

 • May be a more valid indicator of 
disability during follow-up 
assessments and for post-acute 
rehabilitation settings, given 
emphasis on community 
functioning [ 46 ] 

 • FAM does not contribute beyond 
FIM in predicting length of 
rehabilitation admission or costs. 
FAM also shown to have limited 
utility beyond FIM in predicting 
return to work [ 7 ,  47 ] 

 Mayo-Portland 
Adaptability Inventory-4 
(MPAI-4) [ 29 ] 

 The MPAI-4 contains 29 items with 3 
subscales (Ability Index, Adjustment Index, 
Participation Index) assessing physical, 
cognitive, emotional, behavioral, and social 
sequelae as well as obstacles to community 
integration that may be encountered after 
brain injury. The MPAI-4 was designed to 
assist in: (1) clinical evaluation/
rehabilitation planning during the post-acute 
period of recovery; (2) evaluating the 
effectiveness of post-acute rehabilitation 
programs; and (3) better understanding 
long-term outcome after acquired brain 
injury. May be completed by the individual 
with injury, his/her signifi cant other, and/or 
treating clinical staff. A manual for the 
MPAI is available online 

 • Ratings on MPAI at admission 
shown to correlate with 
outpatient rehabilitation 
outcomes [ 48 ] 

 • MPAI ratings and time since 
injury shown to be predictive of 
job placement after participation 
in vocational rehabilitation [ 49 ] 

 • Staff MPAI ratings predictive of 
vocational and independent living 
outcome 1 year after completion 
of outpatient rehabilitation [ 50 ] 

 • MPAI ratings found to be 
sensitive to change in studies 
of rehabilitation effectiveness 
[ 48 ,  50 ,  51 ] 
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monitor outcome following TBI. Rather than rat-
ing the level of independence in completing vari-
ous self-care behaviors, the fi rst 21 items of the 
MPAI-4 require the rater to determine the extent 
to which various cognitive, emotional, and social 
problems interfere with activities. The MPAI-4 
also includes 8-items comprising a Participation 
Index [ 30 ], on which the rater is asked to deter-
mine how much assistance is required for success-
ful completion of various instrumental activities 
essential for community participation. The 
Participation Index ostensibly makes the MPAI-4 
an ideal measure for tracking a patient’s recovery 
after discharge into the community. Another 
advantage of the MPAI-4 is the effort to allow for 
completion of the measure by the clinician, sig-
nifi cant other, and the patient [ 15 ]. Allowing sig-
nifi cant others to rate the survivor of brain injury 
seems ideal in cases where involvement of the 
treatment team may be limited after the injury, 
and the ability to compare self-ratings to clinician 
and signifi cant other ratings provides the potential 
of exploring the extent of problems with aware-
ness on self-reporting. 

  Case Example — continued :  As with global out-
come indicators ,  rehabilitation staff at the acute 
care hospital and residential treatment facility 
certainly found the FIM and FAM useful in mak-
ing predictions regarding Mr. Smith ’ s long - term 
psychosocial outcomes ,  such as employability. 
The design of these measures of activities of daily 
living also makes them ideal for selecting specifi c 
intervention targets  ( i.e .,  treatment planning )  and 
tracking progress in therapy. In the case of 
Mr. Smith ,  the results of the FIM and FAM indi-
cated need for additional physical and cognitive 
rehabilitation. Furthermore ,  the rehabilitation 
staff collected MPAI - 4 ratings from the Mr. Smith , 
 his rehabilitation team members ,  and his wife. 
Results from the three raters were used to assess 
and redress issues with awareness .  

    Measures of Community 
Participation 

 Community participation, as defi ned by indepen-
dent living, social and leisure activity, and pro-

ductivity, is the ultimate goal of persons with a 
history of TBI and the most important indicator 
of long-term success for rehabilitation programs 
[ 31 ]. Widely used measures, such as the Craig 
Handicap Assessment and Reporting Technique 
(CHART) [ 32 ] and the CIQ [ 33 ], focus on observ-
able indicators of outcome (e.g., frequency of 
behaviors) (See Table  4 ). While measurement of 
observable behavior should arguably result in a 
more psychometrically robust measure, it has 
been suggested that a limitation of these and 
other (e.g. MPAI-4) participation measures is the 
lack of method to address individual differences 
in priorities [ 31 ]. More recently developed mea-
sures of participation, such as the Participation 
Objective, Participation Subjective (POPS) [ 34 ], 
allow the person with TBI to share their subjec-
tive impressions regarding the importance of 
each activity (Participation Subjective), in addi-
tion to indicating the frequency with which they 
engage in that activity (Participation Objective). 
As intended by the design of this measure, the 
subjective scales are more highly related to mea-
sures of well-being than objective scales. The 
Participation Assessment with Recombined 
Tools—Objective (PART-0) [ 35 ] and Subjective 
(PART-S) [ 36 ] also separate the objective and 
subjective constructs of participation.

   The Mayo-Portland Participation Index 
(M2PI) [ 30 ] is a somewhat unique measure of 
participation in that it is a subscale of a lengthier 
measure designed specifi cally to evaluate the 
recovery of persons in the post-acute period fol-
lowing acquired brain injury. Other subscales of 
the Mayo-Portland Adaptability Inventory-4 [ 29 ] 
measure abilities (i.e., impairment in cognitive 
and physical domains) and adjustment to injury. 
Of note, not all 8-items of the M2PI are believed 
to clearly represent concepts of participation as 
delineated by the ICF. The response options on 
the M2PI are diffi cult to categorize as either 
objective or subjective making it somewhat chal-
lenging to compare this measure to other mea-
sures of participation. 

  Case Example — continued. Measures of partici-
pation became most important as Mr. Smith 
began post - acute rehabilitation. At the time of 
admission to the residential program ,  community 
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   Table 4    Measures of community participation   

 Instrument (reference)  Content & administration  Relevant clinical issues 

 Craig Handicap 
Assessment and Reporting 
Technique (CHART) [ 32 ] 

 The CHART is a 32-item measure 
(CHART-SF includes 19 items) 
assessing the degree to which one’s 
disability impacts their societal 
participation or community integration. 
Participation in typical social roles is 
measured in 6 domains: Physical 
Independence, Mobility, Occupation, 
Social Integration, Cognitive 
Independence, and Economic 
Self-Suffi ciency. The CHART was 
designed to be administered via 
interview but can be self-rated or 
completed by proxy. Requires 7 
(CHART-SF) to 15 (CHART) minutes 
to complete 

 • Initially developed for use with 
persons with spinal cord injury. 
Shown to have high test-retest 
reliability with TBI  Craig Handicap 

Assessment and Reporting 
Technique—Short Form 
(CHART-SF) [ 52 ] 

 • The CHART is a quantitative 
assessment of participation 
measured by asking number of 
hours spent in various activities, 
frequency of community 
engagement, counts of interactions 
with friends, coworkers, etc. 

 • Based on WHO model of 
impairment, disability, and handicap 

 • Can be re-administered at differing 
intervals post-injury to capture 
change 

 • Although it can be self- 
administered, an interview is 
preferred to provide prompts and/or 
address any defi nitional questions 
that may arise 

 • Scores can be infl uenced by 
pre-injury individual characteristics 
as well as family support, substance 
abuse, and awareness of vocational 
outcomes. There is no means of 
capturing individual differences in 
the priorities persons with TBI 
place on various community 
reintegration activities [ 31 ] 

 Community Integration 
Questionnaire (CIQ) [ 33 ] 

 The CIQ contains 15 items relevant to 
integration across 3 domains: (1) home 
and family life (e.g., meal preparation, 
child care); (2) social activity (e.g., 
shopping, leisure activity); and (3) 
educational, vocational or other 
productive activity. Scores range from 0 
to 29, with higher scores indicating 
greater integration. The CIQ may be 
completed by the person with TBI or a 
proxy in about 15 min; data collection 
can be through self-administered 
questionnaires or an interview 

 • The CIQ has been shown to validly 
differentiate between persons with 
TBI and non-disabled controls. Also 
shown to distinguish between 
individuals living independently and 
those requiring support or living in 
an institutional setting [ 53 ] 

 • Subscale scores have demonstrated 
sensitivity up to 1 year post-injury. 
There do not appear to be 
substantial ceiling or fl oor effects 
[ 54 ] 

 • The CIQ has been utilized to 
capture change in community 
integration in individuals 
participating in post-acute 
rehabilitation and to assess 
maintenance of those gains over 
time [ 55 ,  56 ] 

 • The CIQ is an objective measure 
and thus there is a lack of method to 
address individual differences in 
priorities [ 31 ] 

(continued)
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integration goals were prioritized with input from 
Mr. Smith and his family ,  in the context of under-
standing potential environmental factors impacting 
longer - term outcome and community integration. 
This information was used in the development of 
his treatment plan and for informing participa-

tion in therapeutic outings and community events. 
Unfortunately ,  when his functioning exceeded 
the need for residential services and he was ready 
to transition to outpatient treatment ,  Mr. Smith ’ s 
rural hometown did not offer specialized TBI out-
patient services ,  so he and his wife stayed with 

 Instrument (reference)  Content & administration  Relevant clinical issues 

 Participation Objective, 
Participation Subjective 
(POPS) [ 34 ] 

 The POPS is a self-report measure 
comprised of 26 items that assesses an 
individual’s level of engagement (i.e., 
frequency or duration of participation) 
in household and community activities 
(objective assessment) as well as their 
satisfaction with their level of 
engagement, weighted by their rating of 
an activity’s importance (subjective 
assessment). The 26 items, or elements 
of participation, are summed within 5 
categories: Domestic Life, Major Life 
Activities, Transportation; Interpersonal 
Interactions and Relationships; and 
Community, Recreational and Civic 
Life. The POPS requires about 
10–20 min to administer 

 • Different from other community 
integration measures by considering 
both societal expectations for 
activity participation, as well as 
individual preferences for activities 

 • Unique in: (1) focus solely on 
activities; (2) metric is duration or 
frequency of activity; (3) all 
measured activities are intrinsically 
social, part of household/
occupational functioning or 
recreational [ 35 ] 

 • Subscale creation designed to 
conform with the International 
Classifi cation of Functioning and 
Health categorization of activities 
and participation 

 MPAI-4 Participation 
Index (M2PI) [ 30 ] 

 The M2PI includes the last 8 items of 
the MPAI-4 (see Table  3 ) and includes 
content covering the degree of 
limitations in the areas of initiation, 
social contact, leisure/recreation, 
self-care, independent living/
homemaking, transportation, 
employment, and fi nancial management 

 • M2PI index shown to correlate 
highly with the entire MPAI-4 [ 30 ] 

 • M2PI correlated with the PART-O 
[ 35 ] 

 Participation Assessment 
with Recombined 
Tools-Objective (PART-O) 
[ 35 ] 

 The PART-O is a composite 
participation measure encompassing 24 
items from the CHART, CIQ, and 
POPS. The focus of item content is on 
ways people can be productive 
members of society (e.g., work, 
school), are socially integrated (e.g., 
interacting with family, friends, etc.), 
and are involved in the community 
(e.g., going shopping, eating out) 

 • Development motivated by a need 
to replace a measure of participation 
in the Traumatic Brain Injury Model 
Systems National Database 

 • The content of items in the PART-O 
includes aspects of participation 
identifi ed in the ICF 

 • Highly correlated with the FIM 
(motor and cognitive), SRS, 
GOS-E, and DRS, with greater 
functional independence being 
associated with greater participation 
in persons with moderate to severe 
TBI [ 35 ] 

 • Further psychometric validation 
necessary (e.g., cross-validation on 
a new sample, test-retest reliability, 
subject-proxy agreement) 

Table 4 (continued)
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family in a larger city where these services were 
located. With regard to measuring participation , 
 there was concern that Mr. Smith might experi-
ence some challenges in his attempts to partici-
pate in a community that was not his own and a 
goal of rehabilitation necessarily involved exam-
ining the generalizability or maintenance of par-
ticipating in activities in a major city to his more 
rural hometown  ( where resources and opportuni-
ties for participation may be less ).  Nevertheless , 
 participation is an important goal for persons 
with TBI in the post - acute   phase of recovery. 
Measures such as the CHART ,  CIQ ,  and POPS 
assisted his treatment team in identifying barri-
ers to participation ,  in understanding the degree 
of impact of existing barriers ,  and tracking his 
progress through serial administrations of these 
measures. Aside from the use of these measures 
for treatment planning and tracking progress ,  the 
day treatment program planned to re - administer 
the participation measures at a defi ned follow up 
point  ( e.g .,  1 year post discharge )  as a way to 
evaluate the effectiveness of their services .  

    Environmental Factors 

 Whiteneck and Dijkers [ 37 ] provide an excellent 
historical review of the waxing and waning 
appreciation for the impact of environmental fac-
tors on activity and participation. The authors 
conclude that the infl uential ICF model now 
clearly recognizes the infl uence of environment 
on health outcomes and offers reasonable guid-
ance in the conceptualization of environmental 
factors as they relate to health. This renewed 
focus on environmental factors is clinically 
meaningful since careful measurement and 
manipulation of environmental facilitators and 
barriers can augment more traditional interven-
tions that focus largely on the person with TBI 
rather than on the broader context within which 
their recovery is taking place (see Table  5  for 
practical clinical considerations of common mea-
sures). The Craig Inventory of Environmental 
Factors (CHIEF) is a 25-item inventory assessing 
the frequency and perceived magnitude of physi-
cal and structural barriers, attitudinal and support 
barriers, barriers to service and assistance, policy 

barriers, and barriers at work and school [ 38 ]. 
The measure has been shown to differentiate 
between persons with and without disability, as 
well as between various clinical groups, in fairly 
predictable ways. CHIEF scores have been 
shown to correlate with overall life satisfaction. 
A 12-item short form (CHIEF-SF) [ 39 ] is also 
available. Both measures share the same 
response options, which allow the person with 
TBI to indicate how often each barrier has been a 
problem over the last 12 months (i.e., a fi ve-point 
Likert scale ranging from never to daily) and 
how much of an impact the barriers have had on 
their lives (i.e., little problem versus big problem). 
A briefer measure of environmental barriers is 
available in the Service Obstacles Scale (SOS) [ 40 ], 
a six- item scale that assesses caregivers’ satisfac-
tion with treatment resources, fi nances as an obsta-
cle to receiving resources, and transportation as 
an obstacle to receiving resources. Scores on the 
SOS have been shown to be related to number of 
unmet needs and quality of life ratings.

    Case Example — continued. While any treatment 
plan would be incomplete without a clear under-
standing of environmental barriers and facilita-
tors that a person with TBI will face as he reenters 
the community ,  the need for a careful assessment 
of environmental factors that could potentially 
affect Mr. Smith was especially important. It was 
reasonable to expect that his rural community 
would offer relatively few resources for persons 
with disabilities and that accessibility challenges 
may be signifi cant. Understanding the environ-
mental barriers and facilitators presented within 
his home community helped the treatment team to 
appreciate the true impact of any disability on his 
daily functioning. This information was abso-
lutely essential in creating an individualized 
treatment plan with an inherent long - term goal of 
maximizing participation .   

    Future of Outcome Measurement 

 While careful assessment of activity limitations 
and participation restrictions with measures 
described earlier in this chapter is important for 
treatment planning and documentation of treat-
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ment effi cacy, these measures are not linked by a 
common metric. Without linking, it is diffi cult to 
accurately compare scores on different instru-
ments, which is a signifi cant impediment to track-
ing the progress of persons recovering from TBI as 
they transition from inpatient to outpatient care 
and to those attempting to compare treatment 
effects as measured by different instruments. In 
2002, the National Institutes of Health (NIH) 
started the “Roadmap” initiative to address the 
failure of existing measures to capture the self-
reported experience of persons with chronic dis-
ease [ 1 ]. This “Roadmap” emphasized the 
importance of developing measures of health- 
related quality of life (HRQOL) using patient- 
reported outcomes of physical health, emotional 
functioning, level of social support, and participa-
tion in the community [ 1 ]. An outgrowth of the 
“Roadmap” was the development of the Patient 
Reported Outcomes Measures Information System 
(PROMIS) [ 57 ]. The goal of PROMIS is to pro-

vide a number of well-calibrated item banks that 
assess a continuum of functioning and can be 
administered to persons with a variety of health 
conditions, thus allowing comparison across stud-
ies and databases. The method used to calibrate 
item banks in PROMIS also enables development 
of computer-adaptive testing (CAT), where the 
choice of which items to administer depends on 
response to prior items. This allows for individual-
ization of items administered and a decreased 
assessment burden, while still maintaining the 
ability to calculate scores and compare across per-
sons and samples. The PROMIS methodology has 
been adopted for assessment of HRQOL in per-
sons with neurological disorders. The resulting 
Neurology Quality of Life (Neuro- QOL) devel-
oped items banks for use in persons with stroke, 
multiple sclerosis, Parkinson’s Disease, epilepsy, 
and amyotrophic lateral sclerosis [ 58 ]. In a subse-
quent effort, Tulsky and colleagues developed the 
TBI-QOL to assess HRQOL is persons with TBI 

   Table 5    Environmental factors   

 Instrument (reference)  Content & administration  Relevant clinical issues 

 Craig Hospital Inventory of 
Environmental Factors 
(CHIEF) [ 38 ] 
 Craig Hospital Inventory of 
Environmental Factors—
Short Form (CHIEF-SF) [ 39 ] 

 The CHIEF assesses the degree to which 
factors in ones’ environment affect the 
person with disability and includes 25 items 
measuring 5 domains: (1) Attitudes and 
Support; (2) Services and Assistance; 
(3) Physical and Structural; (4) Policies; 
(5) Work and School. Both the frequency 
(i.e., problem encountered daily, monthly, 
etc.) and magnitude of impact of identifi ed 
environmental barriers (i.e., “little” or 
“big” problem) are quantifi ed. The CHIEF 
requires between 10 and 15 min to rate; 
the instrument can be self- administered or 
administered by interview. Use of proxy 
data is discouraged. The CHIEF-SF includes 
12 items from the original 5 subscales 

 • Using the CHIEF, persons with 
disabilities have been shown to 
encounter more frequent and 
problematic environmental 
barriers as compared to 
non-injured individuals; the 
impact of barriers has been 
shown to be associated with the 
type and severity of disability 

 • Greater impact from 
environmental barriers has 
been associated with lower 
levels of participation and life 
satisfaction after TBI [ 38 ] 

 The Service Obstacles Scale 
(SOS) [ 40 ] 

 The SOS is a 6-item scale evaluating 
individuals with TBI and their caregivers’ 
perceptions of the quality and accessibility 
of brain injury community services. It has 
three main components: (1) satisfaction with 
resources; (2) fi nances as an obstacle to 
receiving services; and (3) transportation as 
an obstacle to receiving services. The SOS 
can be completed in a few minutes, either by 
interview or self-administered format 

 • Lack of community resources 
and lack of money to pay for 
resources were the greatest 
obstacles voiced in a sample of 
individuals with TBI. Reports 
of greater obstacles and lesser 
satisfaction with community 
resources were also associated 
with lower ratings of quality of 
life [ 40 ] 
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[ 59 ]. Both the Neuro-QOL and the TBI-QOL con-
tain items from PROMIS, but have additional 
items that are specifi c to the issues faced by per-
sons with the respective disorders. While the 
extremely thoughtful approach to the development 
of these quality of life measures is impressive, they 
are not intended to capture objective information 
regarding impairment, activity, and participation in 
persons with TBI. Efforts are well underway, how-
ever, to apply the rigorous methodology used in 
the development of these HRQOL measures to the 
creation of standardized cognitive, emotion, motor, 
and sensation instruments [ 60 ].     
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    Abstract  

  Neuroimaging plays an important role in the initial diagnosis, clinical 
management, and prognosis of patients with traumatic brain injury (TBI). 
Specifi cally, imaging contributes to immediate decisions regarding hospi-
tal admission, and early surgical intervention (e.g., hematoma evacuation 
or ventricular drainage catheter and intracranial pressure monitor place-
ment). In the subacute period, imaging may also be used to monitor lesion 
or postsurgical change or to detect lesions not immediately evident on 
initial imaging. In more chronic phases of recovery, imaging may also be 
used to characterize and monitor late-appearing tissue changes. 

 This chapter will review current clinical imaging guidelines, briefl y 
review basic information about computed tomography (CT) and magnetic 
resonance imaging (MRI), discuss the appearance of common forms of 
TBI- related pathology on conventional imaging, discuss qualitative and 
quantitative approaches to imaging analysis in TBI, highlight more 
advanced forms of imaging as they relate to trauma, and review some of 
the caveats and future directions of imaging in TBI. Since CT and MRI are 
the most universally available and commonly performed neuroimaging 
procedures, this chapter will focus primarily on CT and structural MRI as 
they are currently used in clinical practice.  
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        Clinical Imaging Guidelines 

 Several clinical practice guidelines have been 
proposed, generally based upon systematic 
review of existing current literature followed by 
peer review of the recommendations generated 
by an expert panel or working group. Among the 
most widely used guidelines include those estab-
lished by the Brain Trauma Foundation [ 1 ], the 
American College of Emergency Physicians 
(ACEP) [ 2 ], and the American College of 
Radiologists [ 3 ] in the United States, and those 
established by the National Institute for Health 
and Clinical Excellence [ 4 ] and the Scottish 
Intercollegiate Guidelines Network (2009) [ 5 ] in 
the United Kingdom. Based upon these guide-
lines, current consensus is that emergent imaging 
(CT) should generally be performed in patients 
with a Glasgow Coma Scale (GCS) [ 6 ] score less 
than 13 and should be performed in all cases of 
severe TBI (GCS = 3–8) given that 90 % of 
patients with severe TBI have been shown to 
demonstrate abnormalities on CT [ 1 ]. 

 There is more variability in guidelines regarding 
the use of imaging in patients with mild or mod-
erate injury, or in children. Two of the more well-
established guidelines for mild TBI include the 
Canadian CT Head Rule (CCHR) [ 7 – 9 ] and the 
New Orleans Criteria (NOC) [ 10 ]. The Canadian 
Head CT Rule was based upon a prospective 
study of 3,121 patients with “mild” TBI as 
assessed by GCS score of 13–15 to determine 
“high” risk factors (fi ve criteria) which indicate 
the likelihood that a patient will need neurosurgi-
cal intervention as well as “medium” risk factors 
(two criteria) for predicting the likelihood of 
fi ndings on CT (see Table  1 ). The NOC guide-
lines were based on data from a series of over 
1,400 patients and established the sensitivity of 
seven factors (see Table  2 ); validity of the scale 
was subsequently confi rmed in a prospective 
study, where the NOC criteria correctly classifi ed 
patients who required neurosurgical intervention, 
and those that had “important” versus “unimport-
ant” brain injuries. Both the CCHR and NOC 
have been subsequently tested in a consecutive 
sample of mildly head-injured adults who 

 presented to the emergency department (ED) 
with witnessed loss of consciousness, disorienta-
tion or amnesia, and GCS 13–15, and demon-
strated equivalently high sensitivities for 
detecting any traumatic intracranial lesion on CT, 
clinically important brain injury, and neurosurgi-
cal intervention, though the CCHR was shown to 
be more specifi c [ 11 ], confi rming earlier reports 
of the higher specifi city of the CCHR for clinical 
outcomes [ 12 ]. A subsequent study comparing 
the CCHR and the NOC demonstrated that the 
CCHR demonstrated higher sensitivity than the 
NOC, with higher negative predictive power 
when primary outcome was the need for neuro-
surgical intervention [ 13 ]. A recent systematic 
review of clinical decision rules for adults with 
mild TBI including the CCHR, NOC, and other 
guidelines concluded that the CCHR has consis-
tently shown high sensitivity for identifying 
injury requiring neurosurgical intervention with 
an acceptable specifi city to allow considered use 

   Table 1    Canadian CT head rule for mild TBI   

 High risk factors (high risk for necessary neurosurgical 
intervention) 
 • Score of less than 15 on the GCS at 2 h post-injury 
 • Suspected open or depressed skull fracture 
 • More than two episodes of vomiting 
 • Physical evidence of basal skull fracture (e.g., 

haemotympanum, ‘panda’ eyes, cerebrospinal fl uid 
leakage from ears or nose, Battle’s sign) 

 • Age >65 years 
 Medium risk factors (for predicting brain injury on CT) 
 • Amnesia for events that happened more than 30 min 

before the impact 
 • Dangerous mechanism of injury (e.g., pedestrian 

struck by motor vehicle, fall from higher than 3 ft or 
5 stairs) 

   GCS  Glasgow Coma Scale Score  

   Table 2    New Orleans criteria for mild TBI   

 CT is indicated if any of the following are present: 
 • Headache 
 • Vomiting 
 • Age over 60 years 
 • Drug or alcohol intoxication 
 • Defi cits in short-term memory 
 • Posttraumatic seizure 
 • Evidence of injury above the clavicles 
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of cranial computed tomography; it has been 
widely validated and consistently demonstrated 
acceptable results [ 14 ].

    More recently, evidence-based guidelines 
were proposed by a multidisciplinary panel rep-
resenting a joint effort between the ACEP and the 
Centers for Disease Control and Prevention 
(CDC) which were intended for patients with 
blunt head trauma who present to the Emergency 
Department (ED) within 24 h of injury, who have 
a GCS score of 14 or 15 on initial evaluation in 
the ED, and are 16 years of age or older [ 2 ]. 
These recommendations include the indication 
for a noncontrast head CT in patients with loss of 
consciousness or posttraumatic amnesia if one or 
more of the following is present: (1) headache, 
(2) vomiting, (3) age greater than 60 years, (4) 
drug or alcohol intoxication, (5) defi cits in short- 
term memory, (6) physical evidence of trauma 
above the clavicle, (7) posttraumatic seizure, (8) 
GCS score less than 15, (9) focal neurologic defi -
cit, or (10) coagulopathy (Level A recommenda-
tions). Additionally, recommendations include 
consideration of a noncontrast head CT in head 
trauma patients with no loss of consciousness or 
posttraumatic amnesia if there is a focal neuro-
logic defi cit, vomiting, severe headache, age 65 
years or greater, physical signs of a basilar skull 
fracture, GCS score less than 15, coagulopathy, 
or a dangerous mechanism of injury (e.g., ejec-
tion from a motor vehicle, pedestrian struck by a 
vehicle, fall from a height of more than 3 ft or 5 
stairs). Other federal agencies including the 
Veterans Administration and the Department of 
Defense have also established guidelines for the 
use of imaging in mild TBI in deployed and non- 
deployed military settings [ 15 ,  16 ]. 

 Additionally, special consideration exists for 
use in infants and children. No single set of clinical 
criteria has been identifi ed to detect radiographic 
lesions in all pediatric patients. Infants have been 
reported to develop intracranial hematomas 
despite “normal” initial CT scanning and exami-
nation, and age younger than 2 years has long 
been recognized as an independent risk factor for 
signifi cant head injury [ 17 ]. Symptoms such as 
vomiting and seizures may be less  specifi c and 
sensitive in infants and young children and a 

 signifi cant number may exhibit no initial signs or 
symptoms of brain injury [ 18 ,  19 ]. Therefore, 
some have argued that CT should be considered 
following any nontrivial injury, particularly when 
there are signifi cant scalp fi ndings such as hema-
toma [ 20 ]. In addition, others have suggested that 
investigation with CT is advisable in young chil-
dren since fractures can be missed on magnetic 
resonance imaging (MRI). With regard to mild 
TBI, both the CCHR and the NOC have been 
applied in children [ 21 ] as have other clinical 
decision rules including the Canadian Assessment 
of Tomography for Childhood Head Injury 
(CATCH) rule [ 22 ,  23 ], the Children’s Head 
injury Algorithm for the prediction of Important 
Clinical Events (CHALICE) rule [ 24 ], and the 
pediatric emergency care applied research net-
work (PECARN) rule [ 25 ]. A recent review of 
these and other rules applied in pediatric popula-
tions concluded that the PECARN rule appears to 
be the best validated rule for both children and 
infants, with the largest study cohort, highest sen-
sitivity, and acceptable specifi city for clinically 
signifi cant intracranial injuries, though further 
validation of the PECARN rule is necessary [ 26 ]. 

 In the acute post-injury interval (>72–96 h), 
CT (noncontrast) is often the preferred method of 
imaging in trauma as it can be rapidly and rela-
tively inexpensively performed, is sensitive in 
detecting fractures, mass effect, and hemorrhages 
that may require immediate medical attention or 
surgical intervention, is available 24 h in Trauma 
I and II centers, and can be performed in more 
severely injured patients who may be otherwise 
unable to undergo MRI (e.g., presence of MRI- 
incompatible medical equipment or other contra-
indications for MRI, patient is unable to remain 
still for the longer duration of MRI). However, 
even in cases of acute mild TBI, CT is generally 
the preferred imaging technique to rule out 
pathology that may require observation or atten-
tion. In the subacute (<72–96 h post-injury) and 
chronic phases of injury, MRI may be the pre-
ferred method of imaging following TBI due to 
its increased sensitivity to more subtle forms of 
injury or to forms of injury more detectable in a 
chronic post-injury interval. As demonstrated in 
Fig.  1 , CT provides gross anatomical information 
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related to the brain and skull; however, MRI 
sequences are generally superior in visualizing 
brain anatomy and, in some contexts, underlying 
neuropathology.

       Sensitivity of CT Versus MRI 

 From a practical standpoint where imaging is 
used to impact clinical decision-making in the 
acute phase of injury, a CT scan is typically con-
sidered “positive” in the acute phase of injury if it 
reveals a traumatic intracranial lesion that 
requires either intervention or observation 
including a subdural, epidural, or parenchymal 
hematoma, subarachnoid hemorrhage, cerebral 
contusion, or depressed skull fracture. Although 
MRI demonstrates a clear advantage in the 

 detection of axonal injury, small areas of 
 contusion, and subtle forms of injury, MRI and 
CT are currently considered equivalent for clini-
cal diagnosis of surgically correctable lesions in 
the acute setting. However, as will be discussed 
further, MRI may have a distinct advantage in 
non-acute imaging studies.  

    Basics of Structural Imaging 

    CT Basics 

 CT utilizes X-ray beam technology and subse-
quent cross-sectional image reconstruction in 
the axial or transverse plane. As the X-rays are 
emitted, tissue absorbs some portion of the 
X-rays that pass through, and the unabsorbed 

  Fig. 1    Comparison of computed tomography (CT) and 
different standard magnetic resonance imaging (MRI) 
sequences in the same healthy (uninjured) individual. 
Images are in the axial (transverse) plane and at approxi-
mately the same level. Each MRI sequence uniquely 

assesses brain parenchyma and cerebrospinal fl uid.  T1  
T1-weighted MRI,  T2  T2-weighted MRI,  FLAIR  fl uid 
attenuated inversion recovery,  GRE  gradient recalled 
echo,  PD  proton density       
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portion is captured and measured. Sophisticated 
computer algorithms are then applied to the 
received X-ray to estimate how much was 
absorbed within a small volume of tissue. In the 
context of CT,  attenuation  refers to the ability to 
block or absorb x-rays as they pass through a tis-
sue or substance (e.g., bone absorbs most of the 
X-ray, and air absorbs very little). The amount of 
attenuation in each kind of tissue is relatively 
constant and is known as that tissue’s  attenua-
tion coeffi cient . In CT, attenuation coeffi cients 
are mapped to an arbitrary scale (termed the 
Hounsfi eld scale) between −1,000 (air) and 
+1,000 (bone) in Hounsfi eld units (HU). In CT, 
descriptions of notable aspects of the image 
(abnormalities that are detected) are often 
described in terms of  density  or  attenuation  
 relative to the expected appearance of certain tis-
sues (e.g., “hypodense”/“hypoattenuation” or 
dark, “isodense”/“iosattenuation” or similar in 
radiodensity to another or adjacent tissue, 
“hyperdense”/“hyperattenuation” or bright).  

    MRI Basics 

 MR images represent the intensities of electro-
magnetic signals from hydrogen nuclei. The MR 
signal results from resonance interaction between 
hydrogen nuclei and externally applied magnetic 
fi elds which are spatially encoded to provide a 
mapping of the area imaged. The signal intensity 
depends on the magnetic environment and the 
density of the hydrogen nuclei (i.e., protons in 
water), which have distinct differences between 
white and gray matter and cerebrospinal fl uid 
(CSF) as demonstrated by the different MRI 
sequences depicted in Fig.  1 . The fundamental 
principle of clinical MRI is that, when placed in a 
strong magnetic fi eld, the protons in the body 
(mostly from hydrogen in water) respond to elec-
tromagnetic waves by absorbing and then reradi-
ating these waves in accordance with the magnetic 
environment of the tissue. Thus, the reradiated 
waves have a signal strength that characterizes 
the tissue type. Different tissues are characterized 
by their signal intensity, appearing brighter or 
darker on the images as refl ected in the standard 

MRI sequences shown in Fig.  1 . In contrast to 
CT, which refl ects “density” in the description of 
abnormal signal, the word “intensity” is used in 
description for MRI (e.g., “hyperintense”, “isoin-
tense”, or “hypointense”). 

 The use of innovative methods for varying 
magnetic fi eld strength, the delays between the 
sending and receiving of electromagnetic waves, 
and the acquisition and display of the signal 
intensity allow the production of a range of 
images, some of which best demonstrate anat-
omy while others are more useful in detecting 
specifi c forms of pathology. For example, 
Tl-weighted images tend to show greater ana-
tomical detail, but may not be necessarily sensi-
tive to certain forms of pathology because they 
are less sensitive to differences in adjacent tis-
sue signal. In contrast, scans that are 
T2-weighted generally show normal structures 
as having an intermediate (gray) intensity, while 
fl uid and many pathologic abnormalities appear 
with high intensity (white), often providing the 
kind of contrast between normal and abnormal 
tissue types which is indicative of certain 
pathology. Other sequences that provide aver-
ages of Tl- and T2-weighting are called bal-
anced or proton density sequences. Common 
appearances of typical tissues on MRI are listed 
in Table  3 .

   Different forms of T2-weighted imaging may 
be particularly useful for detecting various forms 
of TBI-related pathology. For example, the fl uid 
attenuated inversion recovery sequence (FLAIR) 
is particularly sensitive to several trauma-related 
abnormalities within the white matter refl ected 
as hyperintense (bright) signal (e.g., gliosis). 
The gradient (recalled) echo (GRE) affords 
excellent image detail with short imaging times 
and is sensitive to the presence of blood and a 
blood breakdown product called hemosiderin, 
which when present is refl ected as a hypointense 
or dark signal. Detection of hemosiderin in brain 
parenchyma can also suggest the presence of 
neurodegerative changes such as gliosis in sur-
rounding tissue. Susceptibility-weighted imaging 
(SWI) is considered to be sensitive in detecting 
microhemorrhages, which appear as hypointense 
(dark) regions.   
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    Common Forms of TBI-Related 
Pathology Detectable on Imaging 

 As part of the inter-agency Common Data 
Elements (CDE) initiative, Haacke et al. [ 27 ] 
defi ne and review 22 forms of TBI-related pathol-
ogy identifi able on conventional CT and MRI at 
both acute and chronic post-injury intervals (see 
also [ 28 ]). These include extra-axial (external to 
the brain parenchyma) blood collections (epi-
dural hematoma (EDH), subdural hematoma, 
subarachnoid hemorrhage, and intraventricular 
hemorrhage) as well as intra-axial (within the 
brain) lesions (contusions, intra-parenchymal 
hematoma, diffuse/traumatic axonal injury) and 
other forms of secondary injury (hypoxia, isch-
emia, edema), and degenerative change (volume 
loss, encephalomalacia, gliosis). Other functional 
changes are also detectable with additional appli-
cations of MRI. Table  4  summarizes the most 
common forms of TBI-related pathologies visi-
ble on imaging, their causes, and their character-
istic appearance on CT and MRI at both acute 
and chronic post-injury intervals. Fig.  2  illus-
trates some of these characteristic forms of TBI- 
related pathology in cases of severe TBI on 
day-of-injury CT.

        Qualitative Imaging Interpretation 

 The normal human brain is generally symmetric, 
with one hemisphere being a mirror copy of the 
other. While minor asymmetry is commonplace 
and may be considered normal in certain con-
texts, prominent asymmetry generally denotes 
the presence of pathology. Fig.  3  shows an age- 
matched healthy control at the base of the brain 
showing the inferior frontal and temporal lobes 
as well as cerebellum at the level of the IV ven-
tricle compared to a patient who sustained a 
severe TBI. Note the general symmetry between 
the hemispheres, where one side can be com-
pared to the other, and they generally have a simi-
lar appearance in terms of size and shape. The 
uniformity of the two sides is also refl ected in the 
general symmetry of the cortical ribbon of gray 
matter and the central appearance of white mat-
ter. However, note that in the individual with TBI, 
a massive loss of parenchyma has occurred in the 
right temporal lobe (arrow), which is different 
than the damage seen on the left. An older sur-
face contusion damaged the lateral aspect of the 
temporal lobe leaving encephalomalacia (distal 
white arrow), but white matter signal is abnormal 
(middle arrow in left temporal lobe), along with 

   Table 3    MRI appearance of commonly scanned tissues   

 Tissue  T1-Weighted 

 T2-weighted  T2-weighted 

 GRE  FLAIR 

 Gray matter  Gray  Light gray  White/light gray 
 White matter  White  Dark gray  Dark gray 
 CSF or water  Black  White  Black 
 Blood  Depends on timing (white–gray)  Black with blooming  Black without blooming 
 Fat  White  Black  Black 
 Air  Black  Black  Black 
 Bone or calcifi cation  Black  Black  Black 
 Edema (established)  Gray  White  White 
 Demyelination or gliosis  Gray–black  White  White 
 Ferritin deposits  Dark gray  Black  Black 
 Calcium bound to protein  White  Dark gray  Dark gray 
 Proteinaceous fl uid  White  Variable  Variable 

   Note : On fast spin echo (FSE) sequences (a faster variant of the SE sequence), fat appears bright in T2-weighted. 
Blooming = exaggeration of the lesion  
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  Fig. 2    (a) Traumatic pathology as visualized on CT in 
patients with severe TBI (left-hand column) as compared 
to CT in an uninjured individual at the same level 
 ( right-hand column ). (The  top row  depicts axial CT 
through the plane of the centra semiovale demonstrating 
bilateral  posterior fronto-parietal fractures (comminuted 
with  fragment on the left as indicated with  arrow ) with 

overlying subcutaneous hematomas ( arrow ) and underly-
ing bilateral (lentiform) hemorrhagic collections ( arrow ), 
likely representing epidural hematomas, with hyperden-
sity outlining the interhemispheric fi ssure which may rep-
resent evidence for subdural blood ( arrow ). The  middle 
row  portrays an axial CT slice through the plane of the bod-
ies of the lateral ventricles. There are bilateral subcutaneous

E.A. Wilde et al.



Fig. 2 (continued) hematomas (as indicated with  arrow ) 
with associated air likely related to laceration. There is a 
large mixed density extra-axial collection outlining most 
of the right cerebral hemisphere (likely subdural or SDH 
as indicated by  arrow ) causing midline shift and mass 
effect (see dotted line for projected placement of midline 
in an uninjured condition) bowed convex to the left. Loss 
of gray matter—white matter differentiation is also appre-
ciated ( arrow ). The  bottom row  depicts axial unenhanced 
CT through the plane of the bodies of the lateral ventri-
cles. There is loss of normal gray–white matter differen-
tiation ( arrow ) with curvilinear mixed density collection 
outlining the right posterior fronto-parietal region ( arrow ) 
with mass effect displacing the effaced bodies of the lat-
eral ventricles to the left of midline (termed “midline 
shift”;  dotted line  depicts the projected placement of mid-
line in an uninjured state). The appearances may represent 
evidence for acute bleeding. There is subcutaneous soft 
tissue swelling overlying the right frontal bone. Consistent 
with radiologic convention, the right side of the head 
(marked R) is depicted on the left side of the fi gure;  L  left 
side of the head). Traumatic pathology as visualized on 
CT in patients with severe TBI ( left-hand column ) as 
 compared to CT in an uninjured individual at the same 
level ( right- hand column ) (continued).  Top row  depicts 

unenhanced CT through the plane of the bodies of the 
 lateral ventricles. There is evidence for intraventricular 
blood outlining the body of the left lateral ventricle 
( arrow ). In addition there is subdural blood outlining the 
interhemispheric fi ssure ( arrow ) and hyperdensity seen 
outlining the right-sided cingulate sulcus ( arrow ). 
Subcutaneous hematoma is noted within the left infratem-
poral fossa. ( b ) The  bottom row  depicts axial CT acquired 
without contrast at the level of the bodies of the lateral 
ventricles. There is evidence of bifrontal edema in asso-
ciation with hemorrhagic contusion/shear injury (depicted 
with  arrow ) seen in association with shallow subdural 
hematomas overlying the right fronto-temporal lobes. 
There is mild midline shift ( dotted line  depicts the pro-
jected placement of midline in an uninjured state) bowed 
convex to the left seen in association with effacement 
(partial collapse of the ventricle so it is diffi cult to dis-
tinctly visualize;  arrow ) of the right greater than left body 
of the lateral ventricle. Subdural blood is noted within the 
anterior greater than posterior aspect of the interhemi-
spheric fi ssure. Subcutaneous hematomas are noted within 
the right infratemporal fossa and overlying the left parietal 
bone. Consistent with radiologic convention, the right 
side of the head (marked  R ) is depicted on the left side of 
the fi gure;  L  left side of the head)         
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temporal horn dilation (medial arrow). Although 
having the comparison subject facilitates detect-
ing trauma-related abnormalities, the types of 
pathologies seen in the TBI patient on the left can 
be readily discerned by understanding the basic 
principles of similarity and symmetry in image 
interpretation.

   One of the most commonly examined fea-
tures in a chronic phase of injury is the dilation 
of the ventricular system, a condition referred to 
as ventriculomegaly [ 29 ]. Slight asymmetry of 
the lateral ventricles may be normal, but when 
signifi cant asymmetry exists, the more asym-
metric side of the ventricle typically refl ects the 
hemisphere and region with greater volume loss. 
The appearance of the brain overall as well as 
specifi c regions of interest (ROI) should like-
wise be consistent with standards considered to 
be within normal limits. Thus, two principles 
apply to viewing any brain image, readily 

observed in Fig.  1 —brain typical development at 
any age appears  symmetric  and  similar  in appear-
ance to a known healthy standard. To demon-
strate this point, Fig.  4  shows a teenager who 
sustained a severe TBI with penetration injury to 
the frontal lobe. The scan is approximately 2 
years post- injury and shows several asymme-
tries. This time frame post-injury is long past 
any gross infl ammatory reaction that could dis-
place or misshape the ventricle and classic mid-
line indicators so the right-ward extension of the 
ventricle (images are not in radiological conven-
tion since three- dimensional (3D) imaging is 
being shown) is a result of what is referred to as 
hydrocephalus ex vacuo. In other words, as brain 
tissue degenerates, that damaged tissue loses 
volume and the ventricle passively expands to 
fi ll the void. The asymmetry may be best 
 appreciated in the T2-weighted image depicting 
the anterior horn and the dorsal 3D views of 

  Fig. 3    This patient ( right ) sustained a severe TBI in a fall 
where bilateral temporal lobe contusions occurred, with 
the one on the right associated with temporal bone skull 
fracture and neurosurgical treatment that included a par-
tial temporal lobectomy. An age-matched control is 
included at the left at a similar level for comparison of the 
expected appearance of white and gray matter as well as 
the appearance of the frontal and temporal lobes and the 
cerebellum. Note the symmetry of the right and left hemi-
spheres in the uninjured individual. Comparison of the 
severe TBI patient on the right with the control on the left 
enables identifi cation of the loss of parenchyma on the 
right hemisphere due to surface contusion ( arrow ). The 

left temporal lobe is also damaged, and simple compari-
son of the left with the right temporal lobes in this injured 
individual highlights the differences (lack of symmetry) 
between hemispheres. The most distal  arrow  on the left 
points to an old surface contusion that has resulted in focal 
atrophic changes (encephalomalacia) with the upward 
point  arrow  pointing toward degraded white matter and 
the most medial  arrows  pointing to the temporal horn of 
the lateral ventricles which are dilated in comparison to 
the control. Consistent with radiologic convention, the 
right side of the head (marked  R ) is depicted on the left 
side of the fi gure;  L  left side of the head)       
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the entire ventricular system. Note that the 
 symmetric distension of the right anterior horn 
points to where all of the white matter pathologi-
cal changes have occurred. This is particularly 
evident in the diffusion tensor imaging (DTI) 
scan in the upper right which shows that the 
white matter pathology extends throughout the 
frontal white matter into the forceps minor 
region of the corpus callosum (lower arrow).

       Classifi cation Schemes for CT 

 There are a limited number of CT classifi cation 
systems for use with acute TBI. These classifi ca-
tion tools are based on the presence of certain 
trauma-related abnormalities (qualitatively deter-
mined) on the admission head CT that were 
determined to have the greatest prognostic 

  Fig. 4    The  top row  depicts single slice MRIs of a teen-
ager with focal frontal pathology on the right hemisphere 
( arrow  in the T1-weighted image). Note how the anterior 
horn of the lateral ventricle is prominently asymmetric 
with the head of the right anterior horn most distinctly 
pointing to the degradation of white matter in the frontal 
lobe. The right frontal lobe white matter damage and ven-
tricular asymmetry may be visualized in each sequence 
which highlights different aspects of white and gray mat-
ter degeneration. The upward pointing  arrow  on the far 
right of the DTI image shows the asymmetry of the ven-
tricle and also points toward the reduced integrity of white 
matter at the level of the forceps minor, which results in 
the decreased brightness of the colors which represent 
fi ber directionality, particularly the green color in the 

frontal white matter representing white matter fi bers 
coursing in an anterior-posterior direction. The  bottom 
row  shows a three-dimensional view of the ventricular 
asymmetry (ventricles in aqua color) superimposed upon 
a 3D surface image of the brain ( lower left ). The middle 
image depicts the ventricle asymmetry but also includes 
regional damage, where red color depicts localized gray 
matter loss/cortical encephalomalacia, fl esh-tone refl ects 
white matter focal damage, and the yellow refl ects areas 
of residual hemosiderin deposition from prior hemor-
rhage. The lateral view ( right ) with corpus callosum DTI 
tractography overlaid demonstrates substantial loss of the 
frontal projections of the corpus callosum ( arrow ) which 
is consistent with the presence of the focal pathology       
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 signifi cance (using 6-month mortality as the 
 outcome measure) among a larger set of CT fea-
tures associated with TBI. The most widely used 
is the Marshall Classifi cation system [ 30 ], which 
is based upon fi ndings in the Trauma Coma Data 
Bank (TCDB) in severely injured patients. The 
classifi cation consists of six categorical descrip-
tions of patients with TBI (see Table  5 ). The 
Marshall system has been used for descriptive 
purposes, injury severity classifi cation, as well as 
prediction of mortality and risk for increased 
intracranial pressure. Modifi ed versions of the 
Marshall Classifi cation system have also been 
proposed and utilized (see Table  6 ), which take 
into account the number and location of lesions. 
The Marshall classifi cation has several recog-
nized limitations, including diffi culties in 
assigning a classifi cation to patients with multi-
ple injury types, diffi culties associated with the 
lack of standardization of certain features on CT 
scan, its limited sensitivity in mild and moderate 

TBI, and limited ability to predict later functional 
recovery [ 31 ]. An additional scale called the 
Morris-Marshall scale, based on traumatic sub-
arachnoid hemorrhage (tSAH), has been used as 
tSAH has been shown to be a strong predictor of 
outcome and mortiality [ 32 – 34 ].

    The Rotterdam Classifi cation Scheme [ 35 ] 
was developed more recently and also uses 
CT-based fi ndings to predict outcome. It incorpo-
rates several of the features involved in the 
Marshall system as well as the addition of the 
presence of EDH, since the presence of EDH has 
been associated with better clinical prognosis 
than other intracranial abnormalities such as sub-
dural or intraparenchymal hematoma. The 
Rotterdam CT classifi cation system has been suc-
cessfully used as a prognostic factor in patients 
undergoing decompressive craniectomy [ 36 ] and 
is included in the international guidelines for 
clinical management and prognosis of TBI [ 37 ], 
but still requires additional validation [ 31 ]. 

 Recent analyses attempting to determine 
parameters which may be the most predictive of 

   Table 5    Marshall classifi cation   

 Classifi cation/Grade  Defi nition 

 Diffuse injury I  No visible intracranial 
pathological changes seen on 
CT scan 

 Diffuse injury II  Cisterns are present with 
midline shift of 0–5 mm and/
or lesions densities present; no 
high or mixed density lesion 
>25 cm 3 ; may include bone 
fragments and foreign bodies    

 Diffuse injury III 
(swelling) 

 Cisterns compressed or absent 
with midline shift of 0–55 mm; 
no high or mixed density 
lesion >25 cm 3  

 Diffuse injury IV 
(midline shift) 

 Midline shift >5 mm; no high 
or mixed density lesion 
>25 cm 3  

 Evacuated mass lesion  Any lesion surgically 
evacuated 

 Non-evacuated mass 
lesion 

 High or mixed density lesion 
>25 cm 3 ; not surgically 
evacuated 

   Note : In the Marshall Classifi cation, likelihood of mortal-
ity is calculated for Grades 1–4 of Diffuse Injury as fol-
lows: Grade 1 (normal CT) = 9.6 %, Grade II (cisterns 
present, midline shift <5 mm) = 13.5 %, Grade III (cisterns 
compressed or absent, midline shift <5 mm) = 34 %; 
Grade IV (midline shift >5 mm) = 56.2 %  

   Table 6    Rotterdam CT classifi cation scheme   

 Predictor  Score 

  Basal cisterns  
 Normal  0 
 Compressed  1 
 Absent  2 
  Midline shift  
 No shift or shift ≤5 mm  0 
 Shift >5 mm  1 
  Epidural mass lesion  
 Present  0 
 Absent  1 
  Intraventricular or subarachnoid hemorrhage  
 Absent  0 
 Present  1 
 Sum of scores for each predictor above  ______ 

 +1 
 Final score  ______ 

  The number corresponding to the best description of each 
predictor is circled, and the scores are summed across all 
predictors. The fi nal score is the sum of the rating for each 
predictor +1 
 The fi nal score predicts 6-month mortality as follows: 
1 = 0 % mortality; 2 = 7 % mortality; 3 = 16 % mortality; 
4 = 26 % mortality; 5 = 53 % mortality; 6 = 61 % mortality  
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unfavorable outcome suggest that the presence 
and magnitude of midline shift may be among the 
most important variables, surpassing even the 
Marshall CT score when used as a continuous 
variable [ 38 ]. There is also a signifi cant degree of 
colinearity between midline shift and hematoma 
volume. Finally, the addition of a score of trau-
matic subarachnoid/intraventricular blood may 
increase the predictive accuracy of the scale. The 
addition of CT parameters has been found to add 
6–10 % additional estimated explained variance 
in the presence of the important clinical variables 
of age, GCS score, and pupillary response, and 
CT results have been an important factor in prog-
nostic models [ 39 – 41 ].  

    Quantitative Imaging Analysis 

 Quantitative image analysis may also contribute 
substantially to past and future efforts to link 
imaging and outcome following TBI. The fi rst 
quantitative CT measurements of pathology were 
linear measurements, including the measures of 
the extent of midline displacement, width of a 
hematoma at its apex, etc., and these are still uti-
lized. SDH or EDH may be measured as the lin-
ear distance from the inner table of the skull to 
the widest indent into brain parenchyma. 
Alternatively, certain kinds of lesions (e.g., hem-
orrhage) can be measured by identifying the 
boundaries of the hemorrhage on all scan slices 
where it can be identifi ed to determine a surface 
area (or estimation of volume by multiplying the 
total surface area summed across slices by slice 
thickness). Midline shift is typically defi ned by 
connecting the frontal notch with the straight line 
of the posterior segment of the interhemispheric 
fi ssure and the occipital notch and measurement 
of the deviation of the septum pallucidum (a 
membrane typically present between the two lat-
eral ventricles best seen at the level of the ante-
rior horns, particularly evident in the axial plane) 
is displaced from its presumed original position. 

 Another quantitative measurement is the cal-
culation of the ventricle-to-brain ratio or VBR, 
which can be done with CT or MRI. CSF within 
the ventricle is pressurized and produced at a 

steady rate, which creates an internal pressure 
gradient within the ventricle. In the typical, 
healthy brain this is very important because the 
brain is a soft organ that would collapse inwardly 
if it were not for the internal pressure gradient 
created by the CSF. Pathology that results in neu-
ral tissue loss disturbs the CSF to brain parenchy-
mal balance where parenchymal volume loss is 
replaced by the passive expansion of the ventri-
cle. By calculating either a single slice or whole 
brain VBR, this measure quantifi es the expansion 
of the ventricle, which indirectly refl ects a loss of 
brain volume. 

 Despite the utility and ease of some of these 
measures, medical imaging techniques for quanti-
tative CT and especially MRI analysis now permit 
additional methods that measure volume, surface 
area, cortical thickness, gyrifi cation patterns, 
shape, and contour of any region of interest (ROI). 
While there are certainly other tissues present, 
imaging quantifi cation is typically restricted to 
whole brain or regional gray matter, white matter, 
and CSF volume and/or morphology. 

 In MRI, the T1-weighted image is the most 
commonly used sequence for quantifi cation, and 
differences in pixel intensity on a gray scale form 
the basis for “segmentation” of the brain image 
into tissue types (white and gray matter) and CSF. 
For example, Fig.  5  demonstrates the initial 
T1-weighted image (Fig.  5a ) followed by auto-
mated segmentation where gray matter is now col-
orized as red, white matter as white, and CSF as 
black (see Fig.  5b ). Next, either via manual- tracing 
or the use of highly automated software, ‘classifi -
cation’ or identifi cation of different structures and 
ROIs occurs according to the gray matter, white 
matter, and CSF boundaries (see Fig.  5c ) of each 
structure or region. Once classifi ed, the volume, 
thickness, area, shape, or a variety of other readily 
quantifi able measures may be derived. The most 
common quantitative MRI analysis metric is 
regional volume [ 42 ], which has relevance for pre-
dicting outcome, such as the relation between hip-
pocampal volume in the chronic post-injury 
interval and memory outcome [ 43 ,  44 ].

    Another quantitative neuroimaging technique 
referred to as voxel-based morphometry (VBM) 
[ 45 ] uses digital MRI data that are realigned and 
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co-registered (e.g., rotating and rescaling data 
and transforming it into a uniform 3D space with 
a common coordinate system so that all brains fi t 
within the same space), allowing for direct com-
parison across the group despite individual varia-

tion in head size, shape, and structure. Each pixel 
is then classifi ed as being either white matter, 
gray matter, or CSF; then, determining the rela-
tive concentration of different pixel types within 
a specifi ed voxel (3D pixel) allows the computation 

  Fig. 5    This illustration depicts the process of volumetric 
analysis, using the native T1-weighted image (a), seg-
menting it into gray matter (colorized as red), white mat-
ter (shown in white) and CSF (shown as black) (b), and 
then classifying the segmented image into specifi c struc-
tures (c). For example, the thalamus is  dark green , the hip-

pocampus is  yellow , the amygdala is  light blue , etc. By 
classifying the different regions of interest (ROI), addi-
tional information can be derived including cortical sur-
face area and volume, cortical thickness measurement, 
and shape and contour analyses       

  Fig. 6    Three-dimensional rendering of a patient with 
severe brain injury, with pink color depicting relatively 
intact brain tissue, dark blue depicting the ventricular sys-
tem, light blue depicting abnormal FLAIR white matter 
intensities, red representing areas of encephalomalacia, 

yellow depicting areas of gliosis, and violet depicting foci 
of hemosiderin deposition ( a ) see also ( b ) for axial two-
dimensional image). ( c ) An axial T1-weighted MRI 
image, and ( d ) is a T2-weighted image, ( e ) FLAIR image, 
and ( f ) is a susceptibility-weighted image       
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of “voxel-by-voxel” white, gray, and CSF 
 comparisons. Volume changes in pixel density as 
determined by the VBM technique can objec-
tively identify specifi c areas of difference in a 
patient or a group of patients compared to a refer-
ence sample. 

 Using other conventional MR sequences such 
as FLAIR or GRE, a quantitative approach can 
be applied to determine white matter hyperinten-
sity or hemorrhagic lesion burden, respectively 
[ 46 – 48 ]. For example, presence of hemosiderin 
has been considered a refl ection of shearing 
forces within the brain and a proxy measure for 
diffuse axonal injury (DAI; see [ 49 ,  50 ]). The 
total of hemosiderin-identifi ed lesions can be 
summed to calculate an overall lesion burden due 
to parenchymal hemorrhage. Increasing detec-
tion of the presence of prior hemorrhage result-
ing from TBI has been shown to refl ect greater 
tissue damage and worse outcome both in chil-
dren and adults [ 51 – 53 ].  

    Advanced MRI 

 Advanced MR techniques are rapidly gaining 
favor in studies of TBI due to their potential 
ability to better detect more subtle forms of 
injury and improve diagnosis and prognosis 
(especially in mild TBI), monitor structural and 
functional changes (both advantageous and del-
eterious) that occur over time and may not be as 
evident on conventional imaging, elucidate dif-
ferent injury mechanisms in TBI (e.g., presence 
and time course of cytotoxic edema or progres-
sive neural degeneration), identify patients that 
may be most able to benefi t from certain treat-
ments or evaluate the effi cacy of interventions, 
and better understand how connectivity is dis-
rupted in the brain following injury. Detailed 
discussion of advanced MR techniques is beyond 
the scope of this chapter, but a few of the more 
widely used advanced modalities will be briefl y 
highlighted. Other excellent resources are avail-
able which focus on the use of emerging 
advanced imaging techniques and their applica-
tion in TBI [ 54 – 56 ]. 

    Diffusion Tensor Imaging 

 DTI represents another method to probe white 
matter integrity [ 57 ] based on principles of 
water diffusion that can be empirically mea-
sured. Using DTI tractography, impressive dis-
ruptions in white matter and tract continuity can 
be graphically plotted (see [ 58 ]). While DTI 
methods have tremendous potential to provide 
insight into the relation of white matter integrity 
to outcome following brain injury (see [ 59 ]), the 
methods are rapidly evolving and require fur-
ther validation and study. Global white matter 
integrity as determined by DTI may ultimately 
turn out to be one of the better predictors of out-
come (see [ 60 ]) and several studies have also 
demonstrated some specifi city in brain-behavior 
relations.  

    Magnetic Resonance Spectroscopy 

 Magnetic resonance spectroscopy (MRS) is 
another sensitive, noninvasive method of exam-
ining brain metabolites in the acutely injured 
brain and tracking changes over time [ 61 ]. 
Briefl y, MRS uses magnetic properties of certain 
nuclei within molecules to determine informa-
tion about the structure, dynamics, reaction state, 
and chemical environment properties of those 
molecules. MRS utilizes a continuous band of 
radio wave frequencies to excite atoms in many 
chemical compounds. These compounds then 
absorb and emit radio energy at characteristic 
frequencies, or spectra, which can be used to 
identify them. 

 There has been great interest in the use of 
MRS to examine metabolite alteration following 
TBI, particularly in tissue where there is no visi-
ble injury on conventional imaging [ 62 ,  63 ]. 
MRS has also shown potential for providing 
early prognostic information regarding clinical 
outcome in patients with both accidental and 
non-accidental TBI [ 63 – 71 ]. However, it should 
be noted that the use of MRS in rehabilitation 
outcome is still an emerging area of clinical 
research [ 72 ].  
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    Resting State fMRI 
and Connectivity Analysis 

 Considerable progress has been made to utilize 
and integrate functional neuroimaging, especially 
functional magnetic resonance imaging (fMRI), 
with identifi ed structural brain  pathology, 
 particularly as it relates to clinical outcome (see 
[ 73 ]). Resting state fMRI (rs-fMRI) provides a 
tool which enables examination of a harmonic of 
the blood oxygen-dependent level (BOLD) MRI 
signal under the assumption that connected regions 
would exhibit the same harmonic at rest [ 74 ]. This 
provides the framework to establish functional 
connectivity (fc) maps from rs-fMRI [ 75 ].  

    Multimodal Imaging 

 Integrating different MRI techniques that bring 
together structure and function, as well as the 
integration of electrophysiological and magneto-
encephalographic fi ndings with MRI, show great 
promise in further defi ning underlying brain 
pathology and utilizing this information to 
enhance clinical outcome [ 76 ]. However, the 
standardization and clinical implementation of 
these advanced forms of MRI remains a complex 
issue and additional work is required before these 
modalities can be utilized on a widespread scale.   

    Caveats and Limitations 
of Imaging in TBI 

 Because of the multiplicity of both structural and 
functional abnormalities that may accompany an 
injury, the presence of lesions alone may not nec-
essarily be predictive of outcome or directly 
relate to aspects of cognition or behavior that are 
conventionally ascribed to that brain region (see 
[ 77 – 79 ]). One possible exception is brainstem 
pathology, where neuroimaging-identifi ed brain-
stem abnormalities have been shown to carry a 
poor prognosis for outcome (see [ 80 ,  81 ]). 

 Future neuroimaging studies will probably be 
best utilized with consideration for the totality of 
pathology identifi ed, rather than focusing on a 

particular region of interest or quantitative 
 measure. The case shown in Fig.  4  is a case of a 
severe TBI and illustrates the complexities inher-
ent in selecting a single type of lesion to predict 
outcome. Inspection of the different MR 
sequences demonstrates the sensitivity of each to 
particular lesion types, but relative insensitivity 
to other types. Another complicated aspect of 
quantitative neuroimaging involves accuracy in 
the measurement of lesions. For example, when 
detecting hemosiderin, GRE and SWI sequences 
over-represent the true size of the lesion. 
Alternately, gliosis may not be visible on 
T1-weighted imaging. Volume loss can be evi-
dent qualitatively when one scan is compared 
with an earlier scan or can be quantitatively esti-
mated based upon comparison with the other 
(less affected) hemisphere, or by comparison to 
intracranial volume as a proxy for premorbid 
brain volume, but it is diffi cult to accurately mea-
sure an absent entity. Finally, even in seemingly 
more straightforward measurements such as 
those of blood collections, there may be variabil-
ity and inconsistency as to how measurements 
are derived and how much of the tissue abnor-
mality is assessed and ascribed to a particular 
form of pathology. For example, intraparenchy-
mal hemorrhages can be quantifi ed in terms of 
hemorrhagic volume, but detectable edema is 
often associated with the formation of a clot, both 
within the core of where the hemorrhage has dis-
placed brain parenchyma as well as on its outer 
margin. Measurement could include the hemor-
rhage only, or, alternatively, a measurement of 
hemorrhage that also includes surrounding 
edema and changes refl ective of abnormal brain 
parenchyma. 

 In the example below, color-coding each type 
of abnormality identifi ed by each sequence illus-
trates that no one abnormality captures the total-
ity of pathology. For example, as impressive as 
the frontal encephalomalacia is in the T1-weighted 
image, the amount of CSF signal is underesti-
mated in the T1-weighted compared to the 
T2-weighted sequence, and neither sequence 
detects the location of most of the small trau-
matic hemorrhages as demonstrated in the GRE 
sequence. The 3D rendering of the brain has been 
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colorized to show that no one lesion type  captures 
all pathology present in this TBI and that mea-
surement of any  one  lesion type underestimates 
the overall lesion burden induced by this TBI. 

 Finally, newer imaging techniques have dem-
onstrated that the structural and functional integ-
rity of neural networks [ 82 ] may be affected by 
lesions in brain regions that are seemingly remote 
and, in cases of mild TBI, from the lack of any 
lesion visible on conventional imaging. White 
matter lesions may adversely affect frontal lobe 
functions, regardless of the actual location of one 
or more focal lesions because of disrupted con-
nectivity to frontal regions critical to behavioral 
expression [ 83 ]. To date, many neuroimaging 
variables in TBI have shown only modest 
 relationships to outcome, likely due to these com-
plexities (see [ 78 ]). Strangman and colleagues 
[ 43 ] have demonstrated that prediction of memory 
rehabilitation outcome is improved if both global 
indicators of pathological changes in the brain are 
combined with specifi c quantitative changes in 
target ROIs like the hippocampus known to be 
critical to the cognitive function being assessed 
(see also [ 44 ]). The time at which lesions are mea-
sured may affect their presence and/or volume, 
since some types of lesions are more evident 
immediately after injury, others within a subacute 
period, and others develop only after days to 

months. Certain forms of “lesions” may evolve 
(e.g., change in size or shape or appearance), dis-
sipate, or stabilize with time and depending on the 
imaging modality that is used. Therefore, the type 
of scan performed, its sensitivity for detecting cer-
tain abnormalities, and post-injury interval 
become critical variables in assessing the complex 
relation between neuroimaging fi ndings and out-
come. An example of this is highlighted in Fig.  7 , 
images from a patient who sustained a severe TBI 
as the result of an assault. On the initial day of 
injury (DOI) CT scan, a very large right temporo-
parietal epidural hematoma (see arrow in Fig.  7a ) 
was evident, in addition to midline shift. There is 
loss of defi nition of the cortical sulci and gray-
white matter differentiation, indicators of general-
ized cerebral edema as well as the infl uence of a 
mass lesion. There is also subdural and/or sub-
arachnoid  hemorrhage on the left, but it is less 
perceptible on the DOI CT, likely because the 
right-sided epidural hematoma and increased 
intracranial pressure displace the brain to the left, 
and the epidural and generalized edema com-
pressed these other hemorrhagic lesions and kept 
them in check, until the patient underwent a surgi-
cal evacuation of the EDH (see Fig.  7b ). Once the 
right EDH was evacuated, the intraparenchymal 
lesion pattern and types of pathology change as 
shown in Fig.  7b , and evolve over time (Fig.  7c ).

  Fig. 7    Sequential imaging over time in an adult male 
with severe TBI. ( a ) Day-of-injury (DOI) admission CT 
when fi rst evaluated in the emergency room. Note the 
downward  arrow  points to a large epidural hematoma that 
is causing midline displacement and evident shift in the 
ventricular system. ( b ) Immediately after the epidural was 

removed, major subdural ( top arrow ) and intraparenchy-
mal hemorrhaging ( bottom arrow ) occurred on the oppo-
site side. By 6-weeks post-injury ( c ), generalized volume 
loss is evident, with ventricular enlargement and focal 
encephalomalacia where the intraparenchymal hemor-
rhaging and neurosurgical debridement occurred       
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       Standardization of Neuroimaging 
Acquisition Protocols 

 Recent attempts have been made to better stan-
dardize MRI acquisition protocols in the fi eld of 
TBI. In the military clinical sector, standardization 
may promote cost-saving by ensuring that patients 
undergo a suffi ciently detailed exam tailored to 
TBI to reduce the need for additional scans later. 
Additionally, standardization may facilitate direct 
comparison of imaging results over time in patients 
that require monitoring of intracranial pathology. 
Defense and Veterans Brain Injury Center 
(DVBIC) has recently established guidelines 
related to the recommended “standard of care” 
clinical imaging protocols and parameters for use 
in mild TBI (  http://www.dvbic.org/audiences/
resources/3    ). In the research arena, standardization 
facilitates research by promoting comparability 
between data collected across different sites and 
contribution to large datasets which are not feasi-
ble or cost-prohibitive to collect at a single site. 
These larger datasets may also be helpful in better 
establishing normative data. Such an example is 
the federal interagency CDE initiative (Haake 
et al. 2010; Duhaime et al. 2010   ). The CDE has 
published recommended sequence parameters for 
TBI- related research as well as variables which 
can be collected from standard CT and MRI imag-
ing. Additionally, the American College of 
Radiology (ACR) and the Institute of Medicine 
(IOM) have also initiated efforts to examine how 
greater consistency in imaging parameters across 
sites may be achieved, particularly with regard to 
advanced sequences such as DTI.  

    Future of Neuroimaging in TBI 

 Justifi cation for neuroimaging must fi ll a clinical 
need by providing information necessary for diag-
nosis, monitoring, treatment, enhanced understand-
ing of the patient’s condition, and/or prognosis. 
The typical neuroradiological report is often a sum-
mary note to the referring clinician, typically with a 
concluding statement about whether “abnormali-
ties” are present, and their location, size, and nature. 

These general  radiological impressions are used by 
clinicians to form a global understanding of the 
extent of brain damage; however, such clinical 
impressions are often imprecise, do not address 
specifi c neural systems of most interest to the reha-
bilitation clinician or neurologist, and may not cap-
ture the totality of structural or functional alterations 
resulting from injury. 

 Newer methods of image analysis are now 
increasingly automated, sensitive, and precise. 
Once validated and properly normed, these quan-
titative fi ndings may eventually be integrated into 
clinical reports to determine the presence of 
abnormalities which are not visible or subtle on 
conventional CT and MRI sequences, assess how 
abnormalities may impact not only tissue which 
is lesioned but also larger neural networks, better 
understand and monitor tissue change over time, 
more completely anticipate cognitive and func-
tional domains which are expected to create chal-
lenges for a patient, tailor rehabilitation strategies, 
predict response to treatment, and evaluate the 
effi cacy of new and existing rehabilitation inter-
ventions [ 73 ,  84 – 86 ].  

    Conclusion 

 The application of neuroimaging techniques has 
moved beyond simple classifi cation schemes that 
defi ne medically important abnormalities requir-
ing neurosurgical intervention to comprehensive 
assessment metrics that detect various types of 
pathologies relevant to outcome, in particular 
how the network that underlies all of cognition 
and behavior functions. As neuroimaging tech-
niques become better refi ned, more and more 
subtle detection of pathological changes relevant 
to neurobehavioral and neurocognitive outcome 
have been established. These advanced neuroim-
aging methods are beginning to provide informa-
tion that guides and directs rehabilitation.     
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    Abstract  

  Disorders of consciousness include coma, the vegetative state, the mini-
mally conscious state and the post-traumatic confusional state. These condi-
tions exist along a two-dimensional continuum comprised of arousal (i.e., 
wakefulness) and awareness (i.e., recognition of self and environment). 
Accurately characterizing and distinguishing these disorders early after 
onset is critically important as diagnosis is closely linked to prognosis and 
drives clinical decision-making. Unfortunately, published rates of misdiag-
nosed consistently approach 40 % with most of the error accounted for by 
failure to detect consciousness when it is preserved. Misdiagnosis may limit 
access to medical and rehabilitation services and lead to premature with-
drawal of life-sustaining care. In this chapter, we describe a systematic, 
evidence-based framework for clinical management of patients with DoC. 
The primary aim is to demonstrate how a standardized, multi-tiered approach 
to assessment organized around a structured “care map” can be instituted in 
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        There are approximately 18,000 new cases of 
severe traumatic brain injury (TBI) annually in the 
civilian population of the United States [ 1 ] and 
200–300 more cases per year in active-duty mili-
tary personnel. Many of those who survive severe 
TBI experience prolonged disorders of conscious-
ness (DoC). In  coma , the eyes remain continu-
ously closed even when vigorous stimulation is 
applied, indicating that the arousal system is “off-
line” [ 2 ]. The failure to achieve a wakeful state 
eliminates any possibility of self or environmental 
awareness. This condition is self-limited and 
resolves when spontaneous eye-opening 
reemerges, almost always within 4 weeks of 
injury. The  vegetative state  (VS) is distinguished 
from coma by the reemergence of sleep-wake 
cycles (signaled clinically by spontaneous or elic-
ited eye-opening); however, there are still no 
behavioral signs of self and environmental aware-
ness [ 3 ]. VS is considered permanent after 12 
months following TBI and after 3 months follow-
ing non-traumatic causes [ 4 ]. In most cases, VS 
evolves into the  minimally conscious state  (MCS). 
MCS is characterized by the presence of at least 
one clearly recognizable behavioral sign of con-

sciousness [ 5 ]. The diagnosis of MCS requires 
reproducible evidence of command- following, 
discernible yes–no responses, intelligible verbal-
ization, or movements and affective behaviors 
provoked by relevant environmental stimuli that 
cannot be accounted for by refl exive activity. 
Some examples include manual object manipula-
tion, visual tracking, and situation- specifi c emo-
tional responses (e.g., smiling or crying in the 
presence of a family member). To meet existing 
diagnostic criteria for MCS, supportive behavioral 
evidence must be clearly discernible and repro-
ducible on bedside examination. Emergence from 
MCS is established when there is clear evidence 
of reliable communication through verbal or ges-
tural yes–no responses, or recovery of functional 
object use [ 5 ]. Following emergence from MCS, 
the next point along the continuum of recovery of 
consciousness is the  posttraumatic confusional 
state  (PTCS). PTCS is marked by temporal and 
spatial disorientation, distractibility, anterograde 
amnesia, impaired judgment, perceptual distur-
bance, restlessness, sleep disorder, and emotional 
lability [ 6 ]. During PTCS, 24-h supervision and 
assistance are required to ensure safety and com-

   Table 1    Behavioral features associated with specifi c disorders of consciousness   

 Behavior  PTCS  MCS  VS 

 Eye opening  Spontaneous  Spontaneous  Spontaneous 
 Attention  Impaired selective/sustained 

attention 
 Inability to focus/sustain attention  None 

 Response to pain  Defensive/anticipatory  Localization  Posturing/withdrawal 
 Movement  Goal-directed/appropriate 

object use 
 Automatic/object manipulation  Refl exive/patterned 

 Visual response  Object recognition  Object recognition/pursuit  Startle 
 Commands  Consistent  Inconsistent  None 
 Verbalization  Intelligible sentences  Intelligible words  Random vocalizations 
 Communication  Reliable yes–no  Unreliable yes–no  None 
 Affective response  Contingent  Contingent  Random 

the rehabilitation setting to inform diagnostic, prognostic and treatment 
decisions, ultimately improving the consistency and effectiveness of care.  

  Keywords  

  Vegetative state   •   Minimally conscious state   •   Rehabilitation   •   Neuropsychology   
•   Assessment   •   Outcome measure  
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pletion of routine self-care activities. Sherer and 
colleagues found that severity of confusion con-
tributed signifi cantly to ratings of employability at 
discharge from inpatient rehabilitation and pro-
ductivity at 1 year post-injury [ 7 ]. Table  1  com-
pares behavioral features of the four major DoCs.

   Because there is no established objective test 
for conscious awareness, the determination of 
level of consciousness and corresponding diag-
nosis is based on a clinicians’ subjective appraisal 
of elicited behavior. There is growing evidence, 
however, that clinicians frequently misjudge 
level of consciousness. Investigations consis-
tently report that 30–40 % of patients believed to 
be unconscious on bedside examination actually 
retain conscious awareness [ 8 – 10 ]. This error 
rate is largely due to an obligatory over-reliance 
on behavior as a proxy for consciousness. 
Although behavioral observations are considered 
the “gold standard” in the evaluation of level of 
consciousness, behavioral signs can be mislead-
ing [ 11 ]. Refl exive behaviors may appear to be 
volitional while volitional responses may be 
masked by underlying sensory and motor impair-
ments. In addition, behavioral output often fl uc-
tuates and a single observational period may be 
insuffi cient to capture evidence of conscious 
awareness. Nonetheless, diagnostic accuracy is 
critical to assure appropriate clinical manage-
ment, establish an accurate prognosis, and pro-
vide appropriate information to caregivers. 
Misdiagnosis may limit access to medical and 
rehabilitation services and inappropriately infl u-
ence end-of-life decision-making, including pre-
mature withdrawal of life-sustaining care. 

 The primary goals of rehabilitation for per-
sons in the early phases of recovery from severe 
brain injury are to maintain medical stability, 
restore communication, and promote independence 
in self-care. An array of treatment interventions, 
including pharmacotherapy, physical management 
strategies, and structured sensory stimulation, are 
routinely administered in the inpatient rehabilita-
tion setting to promote recovery of cognitive and 
motor functions. However, the absence of well-
controlled treatment studies has slowed the devel-
opment of standards of care to guide clinical 
decision-making regarding treatment selection. 
This has led some observers to describe the cur-

rent approach to rehabilitation as a “black box” 
[ 12 ]. As a result, treatment interventions are often 
selected and applied in a “trial and error” manner, 
and the evaluation of treatment effectiveness is 
subject to observer bias. In the absence of objec-
tive data, treatment may be withdrawn prema-
turely or prolonged unnecessarily, hindering the 
recovery process and wasting limited resources. 

 Against this backdrop of diagnostic uncer-
tainty and the prevailing “trial and error” approach 
to treatment, we describe a systematic, evidence-
based framework for clinical management of 
patients with DoC. The primary objective is to 
demonstrate how a standardized approach to 
assessment can be instituted in the rehabilitation 
setting to inform diagnostic, prognostic, and treat-
ment decisions. The importance of adopting an 
empirical approach to clinical care is underscored 
by recent published evidence indicating that indi-
viduals with DoC recover over a longer period of 
time than previously thought, and many regain 
the capacity to function independently [ 13 – 16 ]. 

    Disorders of Consciousness 
Program Framework 

 The Spaulding Rehabilitation Network (SRN) 
Disorders of Consciousness Program was devel-
oped to provide a continuum of care specifi cally 
designed for individuals who have experienced 
severe acquired brain injury and have not yet 
regained the ability to follow instructions, com-
municate reliably, or perform basic self-care 
activities. The marked variability in the physical, 
cognitive, behavioral, and emotional sequelae of 
severe brain injury suggests that a one-size-fi ts- all 
model of rehabilitation is likely to be ineffective. 
In the remainder of this chapter, we describe a 
specialized 8-week program in which  assessment 
and treatment procedures are standardized and 
administered systematically by a multidisci-
plinary neurorehabilitation team. 

 The 8-week SRN DoC Program is organized 
into three levels of care, each intended to address 
the clinical needs of patients functioning at dif-
ferent levels of consciousness. Program services 
are initiated and modifi ed based on level-specifi c 
criteria.  Level I  focuses on individuals who have 
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not yet recovered consciousness and whose level 
of functioning is consistent with coma or the veg-
etative state. Patients admitted to  Level I  are 
either unarousable or demonstrate fl uctuations in 
arousal and display no command-following, 
 purposeful movement, or communication ability. 
The Coma Recovery Scale-R (CRS-R) [ 17 ] (see 
description under section “ Core Metrics ”) is the 
primary assessment measure used at this level to 
track neurobehavioral recovery and monitor 
response to interventions. Behavioral and phar-
macologic protocols are commonly employed to 
facilitate arousal at this level.  Level II  focuses on 
patients in the MCS who show clear but inconsis-
tent evidence of conscious awareness, are unable 
to communicate reliably, and require maximum 
assistance for basic care. The transition from 
 Level I  to  Level II  requires demonstration of at 
least one feature of MCS on three consecutive 
CRS-R exams. The CRS-R and Individualized 
Quantitative Behavioral Assessment (IQBA) pro-
tocols [ 18 ], which rely on single-subject research 
methodology to investigate case-specifi c ques-
tions, are the key assessment procedures used at 
this level. Therapies designed to foster response 
consistency, augmentative communication, and 
environmental control strategies are typically ini-
tiated at this level.  Level III  focuses on individu-
als in the posttraumatic confusional state. Patients 
in PTCS are alert and have regained the ability to 
communicate reliably, but remain confused and 
highly distractible, often with sleep disturbance, 
impulsivity, and agitation. Progression to Level 
III is achieved once reliable yes–no responses are 
demonstrated across three consecutive CRS-R 
exams. The primary assessment measure used in 
Level III is the Confusion Assessment Protocol 
(CAP) [ 6 ], which monitors seven cardinal signs 
associated with acute confusion (see description 
in section “ Core Metrics ”).  

    DoC Program Care Map 

 In order to institute a systematic approach to care 
and maintain adherence to the program timeline, a 
specialized DoC Care Map was developed. The 
Care Map is divided into two sections. The 

discipline- specifi c section details the clinical ser-
vices for which each rehabilitation specialist on 
the team is responsible. In contrast, the interdisci-
plinary section displays the activities that are 
shared by all team members. The Care Map speci-
fi es the timing of all assessment, treatment plan-
ning, and educational activities that are 
administered over the course of the 8-week pro-
gram. The primary aim of the Care Map is to 
ensure that all components of the program are 
administered systematically and in accord with the 
pre-arranged timeline. Table  2  shows the interdis-
ciplinary section of the DoC Program Care Map.

   Assessment and treatment interventions are 
provided by a multidisciplinary team comprised 
of specialists in neuropsychology, physiatry, 
nursing, physical therapy, occupational therapy, 
speech language pathology, social work, case 
managers, and other specialists as appropriate. 
On admission to the DoC Program, participants 
undergo a standardized assessment carried out 
jointly by all members of the team. A compre-
hensive battery of “core metrics,” referred to as 
the “DOC COMPASS” (i.e., Disorders of 
Consciousness COMPrehensive ASSessment 
Battery), is administered to establish a functional 
baseline across multiple domains. Some of the 
core metrics are administered by all members of 
the team, while others are assigned to particular 
disciplines, based on expertise. A fi xed assess-
ment schedule has been established with the fre-
quency of administration varying by measure. 
Table  3  provides a summary of the core metrics 
and corresponding assessment schedule.

       DOC COMPASS 

      Core Metrics 

 All patients admitted to the DoC Program 
undergo comprehensive assessment using a bat-
tery of core metrics that have been vetted for use 
in patients with DoC. Performance criteria have 
been established that determine when a particular 
core metric should be discontinued (e.g., when 
valid assessment is not possible) or transitioned 
to a “higher-level” measure (e.g., when ceiling 
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effects are apparent). The section below provides 
a brief summary of the core metrics in the  DOC 
COMPASS  that were selected to represent partic-
ular domains of function. 

    Neurobehavioral Status 
  Coma Recovery Scale-Revised  ( CRS - R ): The 
CRS-R is a standardized measure of neurobehav-
ioral function that has been widely used in dif-

   Table 2    SRN disorders of consciousness program care map   

 Week 1  Week 2  Week 3  Week 4  Week 5  Week 6  Week 7  Week 8 

  Assessment  
 Initial team assessment  X 
 Family interview to obtain history  X 
 Neurobehavioral clinic  X 
 Clinical team meeting  X  X 
 COMPASS administered  X  X  X  X  X  X  X  X 
 Specialized metrics  X  X  X  X  X  X 
 Final review of data  X 
  Treatment  
 Interdisciplinary team conference (ITC)  X  X  X  X  X  X  X  X 
 Implement initial treatment intervention(s)  X  X  X 
 Implement revised treatment intervention(s)  X  X  X  X 
 Establish transition/discharge plan  X 
 Implement transition/discharge plan  X  X 
 Neurobehavioral profi le fi nalized 
for transition/discharge 

 X 

  Family education  
 Family orientation w/case manager, 
nurse manager, and program director 

 X 

 Meeting w/outreach coordinator  X 
 Family team meeting w/clinical team  X  X 
 Family education seminar  X  X  X  X  X  X  X  X 

   Table 3    SRN DoC program assessment schedule   

 Neurobehavioral measure  When to start administration  Frequency  When to discontinue 

 Agitated Behavior Scale (ABS)  Admission  1× per nurse shift  3 consecutive days 
of scores ≤21  1× per therapy session 

 Coma-Recovery Scale- Revised 
(CRS-R) 

 Admission unless EMCS  2× per week  3 consecutive subscale 
scores of 4 for Auditory, 
2 for Communication, 
and 3 for Arousal 

 Confusion Assessment 
Protocol (CAP) 

 Admission if EMCS or upon 
discontinuation of CRS-R 

 1× per week  2 consecutive scores of not 
confused 

 Galvenston Orientation 
Attention Test 

 Completion of the CAP if 
disorientation remained a 
symptom 

 1× per week  2 consecutive 
administration with Total 
Error points <25 

 Disability Rating Scale (DRS)  Admission  1× per week  Never 
 Functional Communication 
Measures (FCM) 

 Admission  Bi-weekly  Never 

 Limb Movement Protocol (LMP)  Admission  1× per week  2 consecutive scores of 72 
 Verbal Fluency  Consistent intelligible 

speech is present 
 1× per week  Never 

 Medical Complication Checklist  Admission  1× per week  Never 
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ferential diagnosis, prognostic assessment, and 
outcome measurement in persons with DOC [ 10 , 
 17 ,  19 ,  20 ]. The scale consists of 23 behavioral 
items that are weighted to refl ect progressively 
increasing neurologic function. There are six 
subscales designed to assess arousal level, audi-
tion and language comprehension, expressive 
speech, visuoperceptual abilities, motor func-
tions, and communication ability. Scoring is 
based on the presence or absence of operationally 
defi ned behavioral responses elicited by stan-
dardized stimulus presentation. The lowest items 
on each subscale represent brain stem refl exes, 
while the highest items refl ect cognitively medi-
ated behaviors. The CRS-R has been shown to be 
reliable and valid when administered by licensed 
medical and rehabilitation personnel [ 17 ,  19 ,  20 ]. 
The scale is completed on admission to deter-
mine diagnosis (e.g., VS or MCS), establish a 
neurobehavioral baseline, and identify level of 
care. Following baseline assessment, the CRS-R 
is administered twice weekly to monitor rate of 
recovery. CRS-R administration is discontinued 
in favor of the CAP when the criteria for emer-
gence from MCS (i.e., consistent functional 
object use and/or functional communication) are 
met on three consecutive examinations. 

  CAP : The CAP is a compilation of items extracted 
and/or modifi ed from existing standardized mea-
sures used to assess delirium, posttraumatic amne-
sia, and agitation [ 6 ]. The CAP includes seven 
subscales that assess level of cognitive impair-
ment, disorientation, agitation, symptom fl uctua-
tion, sleep disturbance, decreased daytime arousal, 
and psychotic symptoms. In the SRN DoC 
Program, the CAP is initiated when CRS-R perfor-
mance stabilizes at ceiling. The CAP is discontin-
ued when fewer than four symptoms of confusion 
are present and there is no further evidence of dis-
orientation on two consecutive examinations. 

  Disability Rating Scale  (DRS): The DRS is the 
most widely used functional outcome scale in 
TBI research and practice. The scale monitors 
degree of disability and tracks change over time 
in patients recovering from coma [ 21 ]. Areas of 

function assessed include arousal level (i.e., eye 
opening), motor responsiveness, communication 
ability, and cognitive ability for feeding, toileting, 
and grooming. General level of functioning and 
employability are also rated. DRS scores are 
obtained weekly by certifi ed team members.  

    Cognitive-Linguistic Function 
  Functional Communication Measures  (FCM): 
The FCMs were developed by the American 
Speech-Language Hearing Association to grade 
a variety of communication, swallowing, and 
cognitive abilities [ 22 ]. Performance is rated 
on a 7-point Likert scale. FCMs selected for 
use in the SRN DoC Program include Motor 
Speech, Spoken Language Comprehension, 
Spoken Language Expression, Swallowing, 
Augmentative-Alternative Communication, Fluency, 
Attention, and Memory. FCMs are completed by 
certifi ed Speech Language Pathologists on 
admission, at week 4 and at week 8. 

  Controlled Oral Word Association Test  ( COWAT ): 
After intelligible speech is recovered (i.e., CRS-R 
Oromotor/Verbal subscale score of 3), the 
COWAT is added [ 23 ]. The COWAT assesses 
verbal initiation and fl uency by instructing the 
patient to name as many words as possible within 
60 s that begin with a designated letter of the 
alphabet. Three trials are administered and a total 
score is obtained. The COWAT is completed 
weekly by the Speech-Language Pathologist.  

    Motor Function 
  Limb Movement Protocol  (LMP): The LMP was 
developed to track motor recovery in patients 
with DoC [ 24 ]. This measure focuses on upper 
extremity function and is designed to investigate 
functional movement sequences that involve use 
of objects (4 items) and social gestures (4 items). 
Three trials of each item are administered and the 
score is based on the accuracy, completeness, and 
consistency of the movement sequence executed. 
This protocol is administered weekly by the 
Occupational Therapist from admission through 
discharge or until the maximum score (i.e., 72) is 
achieved on three consecutive examinations.  
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    Medical Status 
  Medical Complications Checklist  ( MCC ): The 
MCC is an inventory of medical complications 
that are commonly observed in patients with post-
traumatic DoC. The complications included on 
the list represent those found to have the highest 
incidence in a large cohort of patients with DoC 
enrolled in a TBI Model Systems-sponsored 
study [ 25 ]. The intent of the checklist is to track 
the number and duration of complications to help 
determine the infl uence of medical instability on 
rate of recovery and functional outcome in 
patients undergoing inpatient rehabilitation. 
Complications represented in the MCC include, 
cardiac, pulmonary, fl uid/electrolyte/nutrition, 
infectious, neurological, endocrine, hematologi-
cal, gastrointestinal, urological, orthopedic, pain, 
neurobehavioral, skin, and head/eyes/ears/nose/
throat. The MCC is completed weekly by the 
attending physician or resident.   

    Specialized Protocols 

 In addition to the core metrics, the  DOC 
COMPASS  includes a wide variety of specialized 
assessment protocols that are employed to address 
case-specifi c clinical questions. These individu-
ally tailored protocols are designed to comple-
ment the core metrics and are typically used to 
address more granular assessment questions per-
taining to diagnosis, prognosis, and treatment. 
The Neuropsychology service meets with the 
rehabilitation team to develop the protocols, 
 analyzes the results, and discusses their implica-
tions for treatment and long-term care needs with 
the rehabilitation team and family. Examples of 
specialized protocols include arousal monitoring 
procedures to gauge the length of time the patient 
maintains wakefulness, command-following pro-
tocols to help differentiate volitional from invol-
untary behavioral responses, and response 
consistency protocols to determine the consis-
tency and accuracy of specifi c target behaviors 
(e.g., yes–no responses). All specialized protocols 
include scripted instructions for administration 
and corresponding forms for data collection. Data 
collection is conducted jointly by all members of 

the treatment team, regardless of discipline. 
Protocols are conducted during therapy sessions 
and typically require no more than 10 min for 
administration. Protocol adjustments are initiated 
by the therapy team as needed. Results are dis-
cussed at rehabilitation team meetings, during 
family conferences and are incorporated into 
reports submitted to the payor. Figures  1  and  2  
depict examples of Arousal Monitoring and Yes–
No Response Consistency protocols.

    Clinical data generated by all measures included 
in the  DOC COMPASS  are uploaded to an online 
database and progress is monitored weekly during 
Interdisciplinary Team Conferences coordinated 
by the Case Manager. A “Comprehensive Neuro-
behavioral eProfi le” is automatically generated for 
each patient in the program and updated each 
week. The  eProfi le  demonstrates current perfor-
mance as well as the trajectory of recovery across 
domains of function. Clinical benchmarks derived 
from the core metrics are employed to guide 
 decision-making regarding the need for treatment 
modifi cations, program transitions, and recom-
mendations for discharge. A case illustration 
showing an example of a completed  eProfi le  is 
presented at the end of this chapter. 

 Treatment interventions are carried out in the 
same manner as the comprehensive assessment 
battery. That is, after establishing the primary 
treatment goals, standardized treatment methods 
are scripted and implemented by all members of 
the team. The treatment plan is reviewed in week 
5 and modifi ed as indicated, based on the data 
collected by the rehabilitation team. Figure  3  
shows an example of a standardized treatment 
protocol intended to facilitate arousal.

       Family Education and Support 

 Recognizing that family involvement will be 
essential to the long-term success of the survivor, 
family support is viewed as a vital component of 
the DOC program. While there is no standard 
approach to family support [ 26 ], research into 
self-identifi ed family needs following TBI has 
identifi ed consistent themes in terms of the sup-
ports families need: (1) the need for general 
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information about brain injury, as well as specifi c 
information concerning their family member’s 
injury, (2) guidance on how family members can 
be involved in care, and (3) the need for assis-
tance in making sense of their experience [ 27 –
 29 ]. Based on these fi ndings, several components 
have been built into the SRN DOC program to 

address these needs. The program helps prepare 
family and friends for the future by providing 
training in effective caregiving and advocacy 
strategies, while providing emotional support in 
adjusting to the new challenges in their lives. 

 Family support begins at the point of initial 
contact, prior to admission. Educational materials 

  Fig. 1    Arousal Monitoring protocol. The Arousal 
Monitoring protocol includes scripted instructions for 
gauging the length of time arousal is maintained over a 
predefi ned time period. Arousal level is monitored using a 
time sampling procedure intended to sample the fi rst, 

middle, and last 5 min of each therapy session. An episode 
of underarousal begins when contact between the 
upper and lower eyelids is maintained continuously for 
longer than 3 s and ends when contact is released for 
 longer than 3 s       
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  Fig. 2    Yes–No Response Consistency and accuracy 
 monitoring protocol. After presenting a question concern-
ing personal orientation, situational orientation and 
semantic knowledge, the examiner records whether a 

 discernible verbal or gestural “yes” or “no” response 
occurred, and whether or not it was accurate. Percent 
accuracy is determined for each type of question and for 
all questions collapsed       
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describing the program and staff are provided 
during a tour of the facility. Once admitted, a 
notebook containing a description of the  program, 
the disciplines involved, basic information about 
brain injury, and information about  support and 
educational resources is provided. The Case 
Manager and Social Worker meet with the family 
within the fi rst 72 h of admission. The Case 
Manager helps orient the family to the facility, 
identifi es immediate family issues or concerns, 
and begins to explore discharge options and 
 family resources. It is important that this discus-
sion begins at the point of admission so that real-
istic expectations for treatment goals and length 
of stay are established at the outset of treatment. 
The Social Worker evaluates the family’s psy-
chosocial status and needs and provides educa-
tion about the DOC program and facility resources 
available to the family. Ongoing support is pro-
vided to the family, assisting with housing, 
obtaining outside counseling, encouraging 
healthy self-care habits, and coping strategies for 
family members, such as how to be an effective 
member of the treatment team. The Social Worker 
offers a family support group to facilitate meet-
ings among family members for various patients 
and to address emotional stress experienced by 
family members. A mentor, often an experienced 
family member of a brain injury survivor, is avail-
able to meet with family members to provide fur-
ther emotional support and practical advice. Both 
the Case Manager and the Social Worker help the 
family prepare for the next level of care which 
may involve identifying further treatment options, 
transitioning to a lower level of care, exploring 
funding options, and accompanying family mem-
bers in visits to other facilities. 

 Team members participate in the educational 
process on an on-going basis by explaining their 
role in treatment and providing information about 
brain injury, DoC, assessment tools, and treatment 
approaches. Families are encouraged to attend 
therapy sessions and participate in the care of the 
patient where appropriate. Therapy staff and nurs-
ing staff provide formal training in how to care 
for and support individuals with brain injury. 
This may involve how to provide supervision 
while walking, feeding, or bathing instructions, 

encouraging use of a consistent communication 
system, or how to maintain a gastrostomy tube. 
This “hands-on” approach is the best way for fam-
ily members to learn about brain injury in general, 
and their family member’s needs, specifi cally. It is 
also the best way for them to acquire the skills 
they will need to care for their family member at 
home or to advocate for services for their family 
member if continued residential care is needed. 

 In Week 2 of the Program, the family meets 
formally with the interdisciplinary team. At this 
meeting, detailed information is provided about 
the results of the initial assessment, treatment 
objectives, procedures to be implemented, and 
expectations for the rehabilitation course. The 
8-week timeline is strongly emphasized, as is the 
use of clinical benchmarks to guide decision- 
making regarding the selection of assessment and 
treatment procedures. Because of the time- 
limited nature of the DOC program, preparation 
for discharge and transition to the next stage of 
care and treatment starts at this meeting. The 
Case Manager meets with the family on a regular 
basis to keep the family informed about care and 
progress and when the time comes, assists with 
preparation for discharge to the next stage of 
care. The frequency of these meetings is deter-
mined on an individual basis, based on the sup-
port needs of the family. Families are made aware 
of treatment resources within the community 
(e.g., state chapter of the Brain Injury Association 
of America), in addition to resources available 
within the hospital (e.g., educational sessions, 
outpatient support groups). The team meets again 
formally with the family at the end of Week 5 to 
review progress and discuss plans for discharge 
from the program.  

    Case Illustration 

 To exemplify the application of a systematic, 
evidence-based approach to clinical management 
of patients with DoC, we provide a case illustra-
tion below. 

  Medical History : AB is a 24-year-old female who 
sustained a severe TBI with loss of consciousness 
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when she was struck by a car as a pedestrian. She 
had a Glasgow Coma Scale [ 30 ] score of 4 at the 
scene, indicating deep coma. Initial neuroimaging 
studies showed a subarachnoid hemorrhage which 
did not require neurosurgical intervention. An ICP 
bolt placed for pressure monitoring was discontin-
ued on day 4. Follow-up MRI on day 8 revealed 
punctate hemorrhages in the posterior corpus cal-
losum, right cerebellar region along the posterior 
falx and over the left posterior parietal lobe, con-
sistent with grade II diffuse axonal injury. She 
also sustained signifi cant polytrauma requiring 
multiple orthopedic surgeries. She regained spon-
taneous eye-opening on day 15 but remained 
poorly responsive. Active movement was noted in 
the left upper extremity, but there was no evidence 
of command-following or purposeful movement. 
The acute course was complicated by ventilator- 
dependent pneumonia and recurring cardiorespi-
ratory problems which eventually stabilized. She 
remained in a vegetative state for approximately 6 
weeks after which she began to display automatic 
movements (e.g., nose-scratching, grasping the 
bedrail) followed by inconsistent movement of the 
right hand and toes to command. She was started 
on amantadine but this was discontinued as there 
was a concomitant increase in restlessness and 
stereotypical movements of the left arm. 

 On day 45, AB was transferred to the SRN 
Disorders of Consciousness Program for compre-
hensive inpatient neurorehabilitation. Repeat 
MRI of the brain revealed an extra-axial fl uid col-
lection, thought to be a subdural hygroma, over-
lying the left frontal lobe and a small focus of 
hyperattenuation in the left medial temporal lobe. 
The ensuing neurorehabilitation program was 
guided by the 8-week Care Map described below. 

  Week 1 : The core measures of the  DOC COMPASS  
were initiated by the rehabilitation team in week 
1 to establish a baseline across functional 
domains. The opening score on the Coma 
Recovery Scale-Revised was 14, refl ecting 
poorly sustained eye-opening, inconsistent 
command- following, visual pursuit, automatic 
motor behavior, unintelligible vocalizations, and 
no discernible yes–no responses (see CRS-R 
Profi le in Table  4 ). Performance on the CRS-R 

confi rmed her transition from VS to MCS and 
triggered implementation of the remaining core 
measures. Administration of the LMP by the occu-
pational therapist resulted in an initial score of 
38/72. Item analysis showed a high rate of par-
tially executed movement sequences. AB’s lack of 
verbal or gestural communication produced a 
Level 1 rating on the Spoken Language Expression 
subscale of the FCM. Global functional status as 
assessed by the DRS yielded a score of 26, which 
falls in the most severely disabled range of func-
tion. The results of the core metrics were presented 
at the biweekly Interdisciplinary Team Conference 
(ITC) to maintain communication across thera-
peutic disciplines and provide clinical status 
updates to the in-house case manager. To address 
the daytime fl uctuations in arousal level, the 
Arousal Facilitation Protocol was administered by 
all team members at least once during each ther-
apy session. In addition, simple cuing strategies 
were used to redirect attention and improve time-
on- task during therapy sessions.

    Week 2 : In week 2, AB was evaluated by the 
Neuropsychology service in the Neurobehavioral 
Clinic. The purpose of the Clinic visit was to fur-
ther investigate AB’s current level of cognitive 
function, confi rm the working diagnosis, estab-
lish the prognosis for further recovery, and help 
determine the primary treatment objectives. 
Examination fi ndings replicated the behavioral 
signs of conscious awareness reported by the 
rehabilitation team, which included inconsistent 
command-following, visual pursuit, and auto-

   Table 4    AB’s CRS-R Profi le on admission to the SRN 
Disorders of Consciousness Program   

 Subscale 

 Coma Recovery Scale-Revised 

 Best response  Score 

 Auditory  Reproducible command-
following 

  3 

 Visual  Pursuit   3 
 Motor  Automatic motor response   5 
 Oromotor/verbal  Vocalization/oral movement   2 
 Communication  None   0 
 Arousal  Eye opening w/stimulation   1 

 Total score  14 
 CRS-R diagnosis  MCS 
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matic motor responses. Episodes of intelligible 
verbalization were also elicited during this 
assessment. There was some evidence of left- 
sided sensory inattention and repetitive stereo-
typical movements of the right arm were again 
noted. Additional assessment of the right 
arm movements suggested these movements 
 represented “frontal release behavior,” likely 
refl ecting loss of inhibitory control caused by the 
left frontal lesion noted on prior neuroimaging 
studies. It was recommended that the initial 
objectives of the rehabilitation program focus on 
establishing a reliable communication system 
and managing the right upper extremity motor 
disinhibition. At the end of week 2, the neurore-
habilitation team met to discuss the program 
objectives, select the assessment and treatment 
procedures, and establish performance bench-
marks. By the end of week 2, AB had begun to 
verbalize “yes” and “no.” The emergence of yes–
no responses triggered the use of a specialized 
protocol for determining the consistency and 
accuracy of these responses to different types of 
questions (see Fig.  4 ). These data were used to 
help determine readiness for communication 

training. Treatment continued to focus on improv-
ing arousal, attention, and response consistency. 
The initial family meeting was also completed in 
week 2 to familiarize the family with the 8-week 
DoC Program and to review the preliminary fi nd-
ings, treatment objectives, and treatment meth-
ods. The family was enlisted in the communication 
training protocol to maximize exposure to this 
intervention and promote generalization.

    Weeks 3–5 : During week 3, AB continued to prog-
ress. She achieved three consecutive scores of 23 
(max = 23) on the CRS-R, indicating emergence 
from MCS and that she was performing at the 
ceiling of the CRS-R. Consequently, the CRS-R 
was discontinued and the CAP initiated. AB also 
achieved the maximum score of 72 on two con-
secutive assessments with the LMP, triggering 
discontinuation of this measure not shown in 
Fig.  5 . The DRS score decreased by 14 points 
between weeks 2 and 4, refl ecting signifi cant 
improvements in arousal level, motor functions, 
and performance in self-care activities. The initial 
CAP score showed fi ve symptoms of confusion, 
including cognitive impairment, disorientation, 

  Fig. 4    AB’s performance on the Yes–No Response 
Consistency and Accuracy Monitoring protocol. The 
graph shows the percentage of trials in which any discern-
ible yes–no response was detected following presentation 
of a question ( circles  on  dotted line ) over a 1-week inter-
val. The solid lines indicate the percentage of accurate 

responses to personal orientation ( diamonds ), situational 
orientation ( squares ), and semantic knowledge ( triangles ) 
questions. Results indicate that general response consis-
tency improved from 65 to 100 %, while accuracy 
improved by approximately 10 % during the same interval 
across all three types of questions administered       
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agitation, symptom fl uctuation, and sleep distur-
bance,  supporting a diagnosis of posttraumatic 
confusional state. Elavil was titrated up to 40 mg 
to reduced restlessness and address ongoing 
 daytime somnolence. 

 At week 5, a follow-up team meeting was held 
to review the data generated by the core metrics 
and specialized protocols. Apart from updating 
AB’s clinical status, the discussion focused on 
her rate of recovery and the best options for con-
tinued care following discharge. Review of the 
yes–no protocol demonstrated 70–80 % accuracy 
across personal information, orientation, and 
general knowledge questions, signaling readiness 
for formal communication training. A communi-
cation training protocol was developed for pilot 
testing in weeks 6–8. 

  Weeks 6–8 : At week 6, a follow-up family team 
meeting was held to review the degree and rate of 
progress across functional domains, and to dis-
cuss discharge recommendations. To aid the fam-
ily’s understanding of the clinical fi ndings, data 
acquired from the  DOC COMPASS  were con-
verted to graphics and presented as charts and fi g-
ures. Discharge arrangements were initiated while 
the team continued to administer the core mea-
sures and specialized protocols during the last 2 
weeks of the program. By week 8, AB presented 
with only one symptom of confusion on the CAP, 
indicating resolution of PTCS. Language recov-
ery paralleled resolution of the confusional state 
as evidenced by improved FCM ratings across 
language areas and an increase in the verbal fl u-
ency score from 5 to 23 within a 4-week span 
(normal age-corrected mean = 45). The Yes–No 
Response Consistency/Accuracy Protocol was 
discontinued at week 7 as she achieved 100 % 
accuracy across all three categories of questions. 
The total DRS score improved to 6, suggesting 
ongoing functional improvement and moderate 
residual cognitive and physical disability. AB’s 
 eProfi le , shown in Fig.  5 , depicts her performance 
within each functional domain across the 8-week 
program. AB was discharged home upon comple-
tion of the program with  recommendations for 
24-h supervision and  outpatient speech, physical, 
and occupational therapies.

        Conclusion 

 Severe brain injury is a complex neurobiologic 
disorder that can result in prolonged disturbance 
in consciousness. Attesting to the challenges 
associated with this condition, diagnostic error is 
common and treatment practices are highly vari-
able across patients with similar problems. The 
prevailing “trial and error” approach to clinical 
management is ineffi cient, impedes evaluation of 
effectiveness, and slows accumulation of knowl-
edge. In contrast, a systematic, data-driven 
approach offers a platform to administer assess-
ment and treatment in a more objective manner, 
provides the opportunity to monitor progress in 
real time, and generates empirical data that can 
be used to inform best practices. 

 In this chapter, we describe an operational 
framework for clinical management of patients 
with DoC designed to inform clinical practice,  in 
the context of clinical practice . In this model, the 
clinical setting serves as an in vivo laboratory, 
and the rehabilitation team functions single- 
mindedly, directing its efforts toward a set of 
common goals. The assessment process is inter-
leaved with treatment, interventions are stan-
dardized, and common outcome measures 
employed throughout the rehabilitation course. 
This approach provides a clinical roadmap 
designed to improve consistency of care, gener-
ates objective evidence to inform diagnostic and 
prognostic decision-making, facilitates caretaker 
education, and expands the base of knowledge 
concerning TBI.     
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    Abstract  

  Behavioral and cognitive impairments after traumatic brain injury are 
commonly associated with poor community and social outcomes includ-
ing high unemployment and decreased independent living. Few studies 
have investigated this important topic of rehabilitation care. Further, reha-
bilitation care providers have a paucity of training in dealing with chal-
lenging behaviors after brain injury. Given the breadth of this topic, this 
chapter focuses on behavior management on the inpatient rehabilitation 
unit. First, we present the evolution of neurobehavioral recovery with an 
emphasis on agitation. Next we present the behavioral principles of func-
tional analyses to inform and develop an individualized treatment 
approach. Learning principles are reinforced with cases vignettes that 
highlight issues presented in the chapter. Finally, common considerations 
in working with team members, brain injury survivors, and family mem-
bers are discussed.  
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        Background 

    Individuals with TBI can experience life-long 
changes in physical, behavioral, and cognitive 
functioning. Behavioral and cognitive impair-
ments are commonly associated with poor com-
munity and social outcomes including high 
unemployment and decreased independent liv-
ing. Behavioral impairments commonly include 
aggression, irritability, and poor social skills. 
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Such impairments have been reported to be a 
better predictor of caregiver burden than severity 
of injury, physical impairments, or cognitive 
impairments alone [ 1 – 3 ]. Despite the frequency 
and impact of behavioral impairments after TBI, 
there is a paucity of research examining the effi -
cacy of behavioral interventions for persons with 
TBI [ 4 – 6 ]. Carnevale and colleagues trained 
family members in behavior management tech-
niques in the home and found that ongoing 
involvement with clinical staff was associated 
with better behavioral outcome [ 5 ]. Ongoing 
involvement of staff likely helped reinforce the 
principles of behavior management taught as 
part of the intervention. 

  Behavior Management Training for Rehabilitation 
Providers : Other care providers such as rehabilita-
tion therapists and nurses who work with TBI sur-
vivors have reported a paucity of education 
regarding provision of non- pharmacological inter-
ventions to maximize compliance and treatment 
interventions when working with TBI survivors [ 7 ]. 
Further, the impact of behavior management 
 education (BME) is unclear due to variable meth-
ods of education delivery, educational settings, 
and outcomes evaluated [ 6 ,  8 ]. Typical outcomes 
have included satisfaction with education, rating 
of commitment to change patient management 
practices, and patient outcomes (e.g., number of 
falls, restraint use, psychotropic medication use). 
To date, none of these outcomes have been shown 
to improve with BME for staff. Due to the patient- 
specifi c nature of behavioral intervention, global 
outcomes in group studies may mask individual 
responses to educational interventions. While it is 
challenging to determine the direct benefi t of 
behavioral management education for patients, it 
is even more diffi cult to determine the associated 
benefi t in decreased burden for care-providers. 
Further, behavior management paradigms lack a 
conceptual approach for how the interventions 
should differ across diverse neurological patients 
with varying defi cits. 

 While studies of training in behavior manage-
ment have shown limited or no benefi t, direct 
studies of behavioral interventions show 
decreases in behavioral problems and improved 

community living success for persons with severe 
behavior problems [ 7 ,  9 ]. Despite this, rehabilita-
tion providers who work with TBI survivors have 
reported a lack of education regarding behavior 
management therapeutic techniques and under-
standing of cognitive disorders to maximize com-
pliance and treatment interventions [ 7 ]. Little is 
known about the educational needs and best prac-
tices used by other rehabilitation disciplines in 
different settings. Further, there is a paucity of 
understanding of how behavioral management 
techniques should be individualized for the 
unique cognitive profi le of a TBI survivor in dif-
ferent stages of recovery (acute vs. post-acute). 
Given the breadth of issues surrounding behavior 
management of persons with TBI, we will focus 
the remainder of this chapter on the management 
of common acute neurorehabilitation issues. 

    Managing Agitation 
on the Inpatient Unit 

 On inpatient rehabilitation units, agitation is one 
of the most frequently observed behavioral prob-
lems after TBI [ 10 ,  11 ]. Agitation typically 
occurs during the period of posttraumatic amne-
sia (PTA) [ 12 ]. In the PTA period, patients expe-
rience disorientation, reduced ability to 
concentrate, irritability, and inability to store 
memories [ 13 ,  14 ]. Agitated behaviors present as 
repetitive, non-goal directed, and unproductive. 
Approximately, 33–72 % of TBI patients exhibit 
agitation following recovery from the acute neu-
rological condition of TBI, but this typically 
resolves on its own [ 15 ,  16 ]. Many behavioral 
characteristics are used to defi ne agitation [ 17 –
 19 ]. Agitated behaviors range from more mild 
behaviors (e.g., nail-biting, foot-tapping, hand 
wringing, the inability to sit still, or pacing) to 
more severe behaviors (e.g., violent outbursts, 
including physical aggression, biting, spitting, 
screaming, self-harm, and sexually inappropriate 
comments or actions) [ 20 ,  21 ]. 

 Therapists taking care of patients with 
acquired brain injury identify frustration in 
patients as the most common feeling before agita-
tion. Patients also were reported to be distressed, 
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anxious, scared, angry, and desperate prior to 
becoming agitated [ 22 ]. These losses of emo-
tional control are infl uenced by brain damage. 
The limbic system (e.g., amygdala and hippo-
campus) and frontal lobe, which are commonly 
affected by TBI, are associated with emotional 
function. In the limbic system, the amygdala 
enhances response to fearful stimuli and identi-
fi es threat [ 23 ]. Damage to the amygdala pro-
duced defi cits in identifying threat and fear, 
which can contribute to agitated behavior [ 24 ]. In 
addition, the amygdala functions to mediate 
impulses from the prefrontal cortex and the hypo-
thalamus [ 25 ]. Therefore, when a patient has an 
injury to the amygdala, violent behavior and agi-
tated/aggressive behavior are increased due to 
poorly regulated impulses [ 25 ]. Frontal lobe 
damage also results in a lack of control over emo-
tionally charged behavior [ 26 – 28 ]. The frontal 
lobes regulate attention, provide continuity and 
coherence of behavior, and adjust behavior. 
Losses of these cognitive functions result in emo-
tional lability and decreased inhibitory control 
[ 29 ]. In clinical research, patients who suffered 
orbitofrontal area damage showed emotional dis-
turbances, such as a lack of impulse control, irri-
tability, hyperkinesis, and mood changes (anxiety 
and depression) [ 30 ,  31 ]. In conclusion, agitation 
is associated with a lack of impulse control and/
or emotional lability that may result from injury 
to the limbic system and/or frontal lobes. 

 Cognitive impairment is another key ante-
cedent of agitation and a component of posttrau-
matic confusion. Memory defi cits, attention 
problems, loss of executive function and confu-
sion and/or delirium are common after TBI [ 16 , 
 32 ]. This decreased cognitive ability changes 
the patient’s ability to recognize and appropri-
ately respond to environmental stimuli. In the 
acute stage of recovery from TBI, most patients 
stay in an unfamiliar hospital or acute rehabili-
tation center. In the presence of cognitive 
impairment, an individual may be overwhelmed 
by external stimuli, such as TV and large 
crowds. They are more likely to be fearful and 
insecure while in an unfamiliar environment. 
This reaction occurs because cognitively 
impaired patients have to expend more effort to 

process these stimuli. Thus, patients are less 
able to cope with unfamiliar environments than 
those without TBI and can be easily exhausted 
by multiple stimuli. One study found a signifi -
cant relationship between severe aggression and 
poor language function, highlighting receptive 
aphasia as an associated variable that can serve 
as an antecedent to agitation [ 33 ]. 

 An important antecedent of agitation is external 
stimulation; noxious stimuli in environments, 
pain, and frustration often trigger agitated 
 behavior [ 34 ]. Even regular structured activities, 
including hygiene programs, meal times, and 
 toileting, can be perceived as overstimulating and 
lead to agitation during rehabilitation. In particular, 
physical activities, such as bathing and toileting, 
cause a patient to be agitated because these 
activities pressure a patient to initiate movement 
[ 35 ]. In addition, direct contact to a patient’s 
body or staff entering a patient’s private space 
may be perceived as invasive by the patient, lead-
ing to agitation. 

 The combative and assaultive characteristics 
of agitation can make caregivers feel a sense of 
threat while caring for the patient. In a 5-year 
outcome study of head injuries, Brooks et al. [ 36 ] 
found that 54 % of caregivers reported that they 
had experienced threats and violence while car-
ing for agitated patients after TBI. Sometimes, 
agitated behavior can involve physical aggres-
sion, and it can cause caregivers real harm or 
injury. Agitation not only reduces the opportunity 
for patients to engage in rehabilitation but also 
becomes a major stressor for patients and their 
caregivers. Furthermore, prolonged agitation 
may reduce functional independence, induce a 
longer hospital stay, delay or prevent return to 
work, and disturb family dynamics and commu-
nity integration [ 37 – 40 ]. 

 In addition to threatening safety, agitation can 
be a burden and cause major stress to family and 
caregivers providing care to TBI patients [ 27 ]. 
A study of 79 TBI patients’ families revealed 
that primary caregivers experienced high levels 
of psychological distress, such as anxiety, 
depression, fatigue, anger, and mood-disturbance 
[ 41 ]. Eighty-three percent of siblings experi-
enced a high level of psychological distress 
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while taking care of TBI patients with behavior 
disturbances [ 42 ]. Agitated behaviors may pre-
clude patients participating in therapies and 
decrease the opportunity to engage in rehabilita-
tion [ 43 ]. Because of a patient’s combative and 
threatening behaviors, healthcare providers may 
be very likely to suspend therapies to avoid a 
dangerous situation. Furthermore, patients can 
be excluded from their therapy due to uncoop-
erative behaviors. Therefore, the recovery pro-
cess of agitated patients is slower, and additional 
visits for rehabilitation may be required [ 43 ]. 
Bogner and colleagues [ 37 ] found that longer 
periods of agitation in rehabilitation patients 
increase hospital length of stay. This extended 
length of hospital stay and additional visits for 
rehabilitation result in fi nancial burdens on the 
patient’s family and caregivers. 

 On rehabilitation units, pharmacological 
interventions are commonly used to manage 
agitation. Anticonvulsants, antidepressants, 
antipsychotics, beta-blockers, and neurostimu-
lants have been shown to have varying success 
rates in reducing agitated behaviors after TBI 
[ 44 ]. Although pharmacological intervention 
can be benefi cial, detrimental side effects can 
be more harmful than the untreated agitation 
symptoms. In addition, medication-induced 
drowsiness can interrupt patient participation 
in therapies [ 45 ,  46 ]. One important area for 
pharmacological intervention has been the 
sleep-wake cycle. Disruptions in sleep are a 
common symptom of posttraumatic confusion, 
with reports of up to 78 % of patients having 
diffi culty sleeping at night or excessive somno-
lence during the day [ 18 ]. Medication inter-
ventions that regulate sleep after TBI and 
subsequently improve cognition and behavior 
are needed [ 47 ]. 

 In addition to the pharmacological approach, 
physical restraints have been commonly used to 
control agitation. The use of physical restraints, 
such as bed rails, Posey vests, and 2-point and 
4-point soft or hard restraints, often occurs  during 
acute rehabilitation to protect agitated patients 
and caregivers. However, the use of physical 
restraints is related to minor injuries, such as 
sores and abrasions, increasing agitation, and 

more serious injuries, such as deep vein thrombo-
sis and pulmonary embolism due to the immobi-
lization of the patients [ 48 ,  49 ]. 

 Intervening in the environment is a preferen-
tial approach for reducing agitation. 
Environmental stimulation, such as very loud 
noises and bright lights, can be a trigger for agi-
tation. Simple environmental alterations, such 
as offering a private room and prohibiting TV 
watching, may be effective in reducing agitated 
behavior [ 44 ]. Another effective environmental 
alteration is providing a familiar environment, 
perhaps by bringing personal possessions from 
home to the hospital. Because people feel com-
fortable and safe in familiar environments, their 
agitated behaviors can decrease. This concept is 
consistent with the study by Willis and LaVigna 
[ 50 ]. According to the results of their study, 
cognitively impaired TBI patients were less agi-
tated in a more familiar environment and were 
more agitated in a strange environment with 
new people [ 50 ]. Modifi cation of stimulation by 
decreasing overstimulation and providing a 
structured environment has been a commonly 
used intervention to reduce agitation in many 
rehabilitation units.   

    Development of Brain Injury 
Behavior Management 
Educational Tools 

 Despite the high prevalence of agitation and 
behavioral challenges associated with it, reha-
bilitation service providers appear to be lacking 
in education in this area [ 51 ]. The discussion of 
behavior management approaches presented is 
based on workshops we have provided to care 
providers in a number of settings including 
inpatient rehabilitation, outpatient rehabilitation 
including comprehensive community integra-
tion programs, nursing homes, primary care 
clinics, and others. These educational work-
shops have included two modules. The fi rst 
module, “Assessment of Behavioral Disorders” 
introduced the functional analysis technique 
with case vignettes for behavioral rehearsal of 
principles presented. Following each case 

R. Nakase-Richardson and C.C. Evans



161

vignette, discussion highlighted how functional 
analyses directed management of the problem 
behavior with an emphasis on prevention rather 
than “reactionary” management approaches. 
Education about brain injury and the recovery 
process was emphasized throughout. We believe 
thorough knowledge of brain injury sequelae is 
a key feature of this behavior management 
approach. Finally, learning principles were 
briefl y introduced to help staff conceptualize 
“techniques” for getting maximal compliance 
from patients. 

 During one workshop series with our own 
rehabilitation staff working within brain injury 
programs, we asked participants to complete 
surveys before and after the workshop. Prior to 
the workshop, participants’ reported number of 
years of working with brain injury patients was 
positively correlated with confi dence in treat-
ing patients with cognitive disorders (spear-
man rho = .52,  p  = .016) but not behavior 
disorders [ 51 ]. Following the workshop, our 

seasoned brain injury staff ( N  = 21), reported 
improved confi dence in managing both behav-
ior ( Z  = −2.97,  p  = .003) and cognitive issues 
( Z  = −2.38,  p  = .017; see Fig.  1 ); although par-
ticipants’ confi dence ratings remained higher 
in managing cognitive impairments relative to 
behavior impairments (see Fig.  1 ) [ 51 ]. When 
asked where providers received education 
about behavior management issues, both nurs-
ing and therapy staff reported local CEU 
opportunities and on-the job training as the 
most common source (Fig.  2 ) [ 51 ]. 
Unfortunately, formal education was the least 
frequent source of gaining knowledge for 
working with behaviorally disturbed brain 
injury survivors (see Fig.  2  [ 51 ]).

    Below, we highlight some of the critical ele-
ments of the intervention, present case studies to 
rehearse concepts presented, and summarize with 
a conceptual framework of elements critical to 
understanding behavioral issues after TBI. These 
elements can be delivered in formal workshops 

  Fig. 1    Median confi dence in 
modifying treatment services 
for patients with disorders       

  Fig. 2    Percent of sample 
indicating type of behavior 
management education       
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on BME to facilitate caregiver understanding of 
working with this complex patient group. We 
welcome you to reproduce these materials for 
your own use.  

    Introduction to Functional Analyses 

    What is Functional Analysis? 

 Many resources exist for reviewing common 
problems and behavior management recommen-
dations following brain injury; however, one of 
the most critical components to effective behav-
ioral interventions is implementation of func-
tional analysis prior to an intervention [ 52 ,  53 ]. 
Functional analysis establishes the function of a 
behavior by examining the “three-term contin-
gency” (i.e., ABC) model (see Table  1 ).

   An individualized approach to behavior man-
agement includes conducting functional analysis 
to identify the problem behavior, antecedents, and 
consequences [ 52 ,  53 ]. Functional analysis uses 
both direct observation and interviews with staff, 
family, and possibly patients. Once the problem 
behavior is defi ned, antecedents and consequences 
are identifi ed. A hypothesis may be generated 
from the data gathered that potentially predicts 
when the behavior may occur (triggers) and why 
(consequences) that facilitate a behavior manage-
ment recommendation. Once the triggers are 
 identifi ed, a response prevention approach is rec-
ommended rather than a “reactionary” approach. 
Behavior management interventions that focus 

solely on implementing consequences when a 
problem behavior occurs are often more time-con-
suming and stressful than prevention strategies. 
By preventing the problem behavior from occur-
ring in the fi rst place, patient, family, and staff 
benefi t from a less stressful rehabilitation experi-
ence. An approach may look as follows:
    1.    Conduct functional analysis/A, B, C (using 

interview and observational data)   
   2.    Predict: when and why   
   3.    Test hypothesis and continue monitoring   
   4.    Evaluate intervention and modify if necessary 

(collect data)   
   5.    Retest hypothesis or go to hypothesis #2   
   6.    Evaluate intervention (collect data)     

 To facilitate rehearsal of the functional analy-
ses technique, we feel it is critical to implement it 
with actual case vignettes. Recipients of our 
workshop series have repeatedly stated that 
applying functional analyses to cases (behavioral 
rehearsal) had greatly facilitated learning the 
concepts. Prior to practicing with cases, we want 
to discuss some other behavior management con-
structs that are often misunderstood. 

 Consequences that facilitate learning of 
behaviors are categorized into reinforcement and 
punishment (see Table  2  for basic defi nitions) 
[ 52 ,  53 ]. Although each of these techniques could 
have several chapters written about them, we will 
simplify this section by focusing on these two 
global constructs. Simply put, effective reinforce-
ment increases behavior and  effective  punishment 
decreases it [ 52 ,  53 ]. Key to these constructs is fi g-
uring out what is  effective  for each person. In our 

   Table 1    Three term contingency model (ABC)   

 A  The  antecedents  to a problem behavior  What are the people, places, events, time of day occurring  immediately  
before the behavior? 

 B  The actual problem  behavior  itself  What does the behavior look like ( topography )? 
 What is the frequency duration intensity? 

 C  The  consequences  are the things that 
immediately follow a behavior occurring 
(that may or may not infl uence the 
likelihood of recurrence) 

 What happened  immediately  after the behavior occurred. How did people 
react? 
 What did the person get (good or bad)? What did the person avoid 
(good or bad)? What else changed? 

  Other key considerations: CONTEXT. Context includes aspects of a person’s environment that do not happen immedi-
ately before or just after undesirable behavior but still have an effect on the behavior. Contextual factors can include the 
patient’s diagnosis, medications, sleep cycle, diet, and the neurobehavioral course that follows  
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experience, lay persons equate reinforcement 
with giving food, going on passes, and receiving 
some form of praise, without realizing that rein-
forcers vary by person. What is reinforcing for 
one patient may not be for another. Further, 
untrained persons may be less skilled in decon-
structing problem situations where subtle rein-
forcement is involved in why a problem behavior 
occurred in the fi rst place (as highlighted in case 
vignettes 1–2). Similarly, punishment is often 
construed as taking away of privileges or verbal 
rebuke. This may or may not be meaningful to all 
patients. Lay persons are less aware of how staff 
responses such as “ignoring” an inappropriate 
behavior, a technique known as withdrawal of 
reinforcement, can decrease likelihood of it 
occurring again. This is illustrated in Case 2. As 
we progress through the case vignettes, it will be 
important to understand the basic defi nition of 
reinforcement and punishment as we analyze the 
consequences of the behavior problems (see 
Table  2 ). The cases are actual behavior manage-
ment consultations received during inpatient 
behavior management rounds or inpatient staff-
ing reports. The details of the cases have been 
changed to protect the privacy of patients, family, 
and staff. As you read the cases, you may make 
use of the worksheet in the Appendix to practice 
recording antecedents, behaviors, and conse-
quences of the problem scenarios.

        Behavior Management Rounds 
Case 1 

    Complaint 

 During behavioral management rounds, the 
patient’s occupational therapist (OT) and physi-

cal therapist (PT) (both females) suggested that a 
particular patient needed medication to control 
his behavior. They reported that the patient 
grabbed their breasts and buttocks during thera-
pies. The speech language pathologist (SLP) 
attending rounds did not have this complaint. 
Nursing was not present and had not voiced this 
concern previously. Therapists also complained 
that the parents “just stood there” and did nothing 
to assist them in these moments.  

    Background 

 Patient was a 17-year-old male status post-severe 
TBI from an All-Terrain Vehicle accident 5 
months earlier. He arrived for comprehensive 
rehabilitation at 3.5 months post-injury because 
of the severity of his TBI. He initially presented 
minimally conscious with episodes of dysautono-
mia requiring sedating medications to manage. 
Review of neuroimaging revealed diffuse axonal 
injury in bilateral frontal lobes, temporal lobes, 
and parietal lobes. Although he was nonverbal at 
the time of evaluation, he could point to yes/no 
cards to answer simple questions, which was a 
signifi cant improvement in his responsiveness. 
When orientation was assessed this way, he was 
oriented to name and hometown only. He used a 
wheel chair for ambulation but was dependent in 
locomotion. He was also dependent in all aspects 
of self-care but was able to use his left hand to do 
gross motor tasks, such as holding cones in occu-
pational therapy. Because his left hand was his 
only good arm, he also used it to point to yes/no 
visual cards. He was tall and large, requiring a 
two-person assist with all transfers. His parents 
were supportive and present throughout the day 
to accompany their son during all therapies and 
aspects of his medical care.  

    Psychologist’s First Observation/Data 
Gathering Session 

 The patient was observed in a joint physical and 
occupational co-therapy session. The patient 
was noted to attempt grabbing behavior with 

    Table 2    Contingency management techniques   

 Technique  Defi nition 

 Reinforcement  Anything that increases the 
likelihood that the behavior will 
occur again 

 Punishment  Anything that decrease the 
likelihood that the behavior will 
occur again 
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his left hand only when working in close 
proximity (most of the time due to his physical 
status) to his young, female therapists. This 
commonly occurred when working on sitting 
balance on the mat in the gym. When the patient 
grabbed his PT, she verbalized “No, you 
shouldn’t do that.” She appeared to be embar-
rassed which resulted in nervous laughter dur-
ing her redirection of the patient. The parents 
were present but did not respond to his inap-
propriate behavior. Subsequent interview with 
the family revealed that they were embarrassed, 
but did not know how to intervene. They were 
eager to assist but wanted to avoid interrupting 
the therapy session and thought that the thera-
pists knew how to manage the behavior. They 
reassured the psychologist that the patient was 
raised in a Christian home and did not act this 
way before. Both mother and father denied 
inappropriate sexual behavior directed at them; 
however, the mother reported that she thought 
she had walked into his hospital room while the 
patient was touching himself with his left hand. 
Nursing staff subsequently reported that the 
male patient would occasionally grab them 
when assisting with transfers. During inter-
views and direct observation, it was noted that 
the behavior only occurred with female staff. 
He never attempted to inappropriately grab 
male hospital staff.  

    Results of Functional Analyses 

    Defi ne Problem Behavior 
•     Inappropriate sexual behaviors: grabbing of 

PT/OT breasts and buttocks  
•   Duration: persists until patient redirected or 

the stimulus (person) is further away from the 
patient     

    Antecedents 
•     OT and PT sessions  during therapeutic exer-

cises  (sitting balance—using arm to grab 
cones, transfers, and other times when thera-
pists were in close proximity)  

•   When  female  staff were on his left side with 
reach of his left arm  

•   Upon interview with nursing staff, he would 
reportedly grab some of the female nurses 
during transfers     

    Consequences 
•     No overt reaction from parents.  
•   Therapists showed embarrassment (fl ushed 

face, nervous laughter), and told patient “no” 
in casual voice and continued with sessions.     

    Hypothesis 
 Patient is showing dis-inhibition (poor impulse 
control) when presented with stimuli of sexual 
nature. His limited motor control allows him to 
grab when in close proximity. This is occurring 
in his two therapies in which he has close contact 
with OT and PT. It is not happening in SLP 
because he sits at a desk when working with SLP. 
He reportedly has engaged in this behavior with 
female nursing staff during transfers (close prox-
imity). Persons with severe TBI can exhibit poor 
behavioral control that is expressed with sexual 
gestures (verbal and nonverbal). The response 
may represent a form of environmental depen-
dency in which he reacts to stimuli without con-
scious awareness that he is doing so. These 
cognitive-behavioral impairments are observed 
following frontal lobe injury consistent with this 
patient’s history. It is our clinical experience that 
this behavior can occur among young male TBI 
survivors and that it commonly resolves during 
the recovery process.  

    Treatment Approach 
     1.    We  involved  and  educated the family  about 

this symptom. We informed therapists that 
 family were embarrassed  and had no idea 
what to do in this situation. They were hoping 
the therapists would guide them in responding 
to the behavior. We discussed with both thera-
pists and family that this  behavior can be 
common  and has nothing to do with who the 
patient was before his injury. We highlighted 
that it is likely a transient symptom of his 
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 neurological injury  (i.e., poor impulse control 
and possible hypersexuality).   

   2.    To facilitate managing this behavior, we 
adopted  response prevention strategies . Since 
the antecedents were female staff in close 
proximity to his left side (good side), we 
asked dad to hold the patient’s left hand when 
not being therapeutically addressed in “high 
risk” situations. We also recommended that 
the patient use his left hand in activities that 
were incompatible with grabbing of female 
staff (i.e., holding dad’s hand; holding therapy 
devices, etc.).   

   3.    If the behavior occurred, we planned to 
involve dad or mom in responding to the 
behavior in a “fi rm” tone of voice and  redi-
recting the patient  to appropriate therapeutic 
tasks. Caution was taken to avoid embarrass-
ing the patient in front of others.   

   4.    We asked therapists not to laugh or display 
behavior that could be perceived as reinforc-
ing (he may have enjoyed that he made them 
laugh—even though it was a nervous laugh). 
We asked them to rehearse a fi rm “no” 
response and redirect patient to therapeutic 
activities while avoiding embarrassing the 
patient (which could escalate a situation).   

   5.    We also asked staff to facilitate teaching the 
patient’s father how to transfer him at bedside 
since he was present every day. This allowed 
female nursing staff to have an additional 
male person to assist with transfers. Dad was 
often on the left side.        

    Results 

 The strategy was effective, highlighting the 
importance of identifying antecedents, we pre-
vented the behavior a majority of the time by 
having the patient engage in a behavior incom-
patible with grabbing. Dad or male nursing staff 
handled all transfers throughout the day. 
Collectively, these served as response prevention 
techniques, since we prevented the behavior by 
accurately identifying antecedents. Over the next 
month, the patient improved neurologically, 

including improved orientation. As he improved 
neurologically, the inappropriate grabbing was 
no longer an issue.  

    Behavior Management Rounds 
Case 2 

    Complaint 

 PT and OT reported that a patient attempted to 
strike them several times with his fi sts. He had 
signifi cantly injured one of the OT technicians 
and she was placed on medical leave due to 
injury to her hand. Nursing reported similar 
problems during transfers. The patient would 
become agitated, but had not hit any of the nurs-
ing staff to date.  

    Background 

 The patient is a 28-year-old male hospitalized for 
comprehensive rehabilitation for TBI sustained 
approximately 2 years earlier. Acute records 
were unavailable, but follow-up neuroimaging 
revealed signifi cant encephalomalacia resulting 
in ventriculomegaly. When discharged from 
acute hospitalization, he received minimal fol-
low- up for problems such as severe spasticity. He 
received no PT, OT, or speech therapy (ST) as an 
outpatient. Most of his days were spent sitting in 
a wheelchair in front of a television at home. He 
lived with his family due to his inability to live 
independently. Upon readmission to rehabilita-
tion, he was found to lack spontaneous speech, 
but would answer some questions with verbal 
responses if persistently cued. He was oriented to 
his name, hometown, and date of birth, but gave 
his age incorrectly (he gave his age at time of 
injury). He was disoriented in all other spheres 
due to severe memory impairments. When asked 
about his reason for hospitalization, he did not 
know he was in a hospital and would not provide 
further responses. When asked about his impair-
ments, he did not acknowledge any defi cits 
including the inability to walk or functionally use 
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his extremities. We felt this patient was unable to 
develop new memories (anterograde amnesia) 
which explained his inability to respond accu-
rately to orientation questions and information 
about his current situation. He also demonstrated 
signifi cant anosognosia (awareness impairment) 
which explained his poor understanding of his 
currently physical and cognitive status. Of note, 
his family was not present during his rehabilita-
tion stay.  

    Psychologist’s First Observation/Data 
Gathering Session 

 The patient was observed during physical therapy 
in the main gym. Given the severity of his spastic-
ity, the focal activity was stretching of his legs. 
During this activity, the patient would attempt to 
voice “STOP” when stretching began. When he did 
this, the therapist would respond “we have to 
stretch your legs.” Patient would again voice 
“STOP!” The therapist continued to stretch him 
and the patient subsequently began to swing his 
arms in an attempt to strike the therapist. The thera-
pist was clearly frustrated and displayed this in her 
tone of voice. The therapist responded that since he 
did this, he was not going to get to watch television 
that evening and he would have to go back to the 
nursing station immediately and miss therapy at 
that time as punishment. The patient was immedi-
ately brought back to the nursing station and not 
allowed to watch television that evening.  

    Results of Functional Analyses 

    Defi ne Problem Behavior 
•     Hitting/Striking of therapists     

    Antecedents 
•     PT and OT sessions  
•   Stretching of spastic limbs  
•   Patient yelled “stop”  
•   Therapist ignored patient’s request to stop 

stretching him     

    Consequences 
•     Therapist used frustrated tone to react to 

patient’s behavior  
•   Stopped therapy session and taken to nursing 

station  
•   No television that evening     

    Hypothesis 
 The patient is severely  cognitively impaired  (poor 
memory for new information and disoriented) 
and shows  poor awareness for the nature of his 
defi cits and the importance/relevance of therapy 
activities . Spasticity is a painful medical condi-
tion and the focus of his therapies. In order to 
facilitate further independence with ambulation, 
this needs to be addressed therapeutically. 
However, it appears that his  perception is that he 
is being hurt  by someone. He  wants to stop the 
painful therapeutic activities when they occur 
because he does not see the relevance (secondary 
to anosognosia) . Of note, prior to the hitting epi-
sode observed, he did engage in a “more appro-
priate” behavior (i.e., yelling stop) that was 
“ignored” by his PT. 

 Patient was never violent with nursing but 
would yell out loud during transfers. It was sus-
pected that his spasticity resulted in pain during 
nursing transfers. Since transfers are brief and 
time-limited activities, the patient did not esca-
late to violent behavior to stop the painful activity 
(i.e., transfers) with nursing.  

    Treatment Approach 
     1.     We educated his physical therapist  about the 

patient’s cognitive status and poor awareness 
for his impairments (thus poor understanding 
of his therapy sessions). We asked the thera-
pist to “remind” the patient of the purpose of 
his therapy sessions at the start of each session 
and beginning of new exercises in each ses-
sion. This facilitated awareness of his physical 
impairments and relevance of therapy and 
exercises. Due to his memory impairments, he 
needed the repeated cues to facilitate remem-
bering why he needed therapy.   

   2.     We also educated his therapists  about the impor-
tance of nonverbal communication with patients. 
We asked her to avoid using negative nonverbal 
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communication in working with this patient. He 
would likely respond to those cues more so than 
lengthy verbal directions/explanations.   

   3.     We further educated the therapists  to be respon-
sive (i.e.,  reinforce: a consequence that results 
in a behavior likely to occur again ) to the 
patient’s appropriate behaviors (i.e., verbal 
communication of yelling “stop”) when he 
wanted to stop painful exercises. We asked her 
to stop if he reported pain or yelled “stop.” By 
responding (reinforcing) his more appropriate 
response, we hopefully avoided him escalating 
to a hitting response to stop the painful activity.   

   4.    We also educated the therapist about the appro-
priate use of punishers ( something that occurs 
that decreases the likelihood of a behavior 
occurring again ) in behavior management. 
Although she felt that stopping therapy and 
precluding TV that night was a form of punish-
ment, she actually reinforced the hitting behav-
ior. Since the goal of his behavior (i.e., hitting) 
was to stop the painful activity, the ending of 
his therapy reinforced ( increased the likeli-
hood that it will occur again ) the hitting 
behavior. A concern was that he would go 
directly to hitting behaviors next time, since it 
was effective in stopping the painful activity 
moreso than yelling “stop.” We emphasized 
the importance of immediate consequences for 
infl uencing behavior (to increase or decrease 
it) rather than remote events. Although the 
therapist recommended the patient not be 
allowed to watch television that evening, it was 
too remote in time to infl uence his behavior. 
Further, he would likely not remember the sit-
uation that resulted in loss of television privi-
leges due to his severe memory impairments.   

   5.    We recommended  other strategies  to help the 
patient engage in therapeutic activities that 
might be painful. We asked her to consider a 
 distraction technique . For this patient, we 
used a kitchen timer and chose the duration of 
the painful stretching activity (e.g., 5 s)  with 
him . We recommended using that time inter-
val regardless for the fi rst activity. We recom-
mended the patient count and look at the timer 
during the painful activity. For the next set, we 
asked the patient to increase the time any 

amount as long as it is longer than the fi rst 
time interval (e.g., 6 s). By giving the patient 
some level of control, we hoped he would 
engage in necessary therapeutic activities.   

   6.    Finally, we asked his PT/OT to engage in non- 
painful activities with the patient so that they 
avoided always being associated with painful 
activities.      

    Results 
 A combination of these strategies worked; how-
ever, the therapist was already experiencing 
negative feelings towards the patient that was 
challenging for her to overcome. She had little 
experience in dealing with this type of emo-
tional reaction to her patients in her formal 
training. After lengthy discussion, we attended 
therapy sessions with her to model reinforce-
ment of desirable behaviors (i.e., verbal praise) 
and demonstrate use of distraction techniques. 
She developed some co-treatment sessions with 
the SLP, so that the patient was engaged in dis-
tracting tasks during some of her therapy ses-
sions. As the patient’s spasticity improved with 
serial stretching and casting, he reported less 
pain during these activities. No further incidents 
of violence occurred in therapy and the yelling 
stopped with nursing.    

    Behavior Management Rounds 
Case 3 

    Complaint 

 Elopement in Progress (current issue) and 
Noncompliance with Vitals (subsequent com-
plaint by nursing).  

    Background 

 Patient was an 18-year-old male who sustained a 
severe TBI in a motor-vehicle collision. His ini-
tial GCS was 4T in the emergency department 
and neuroimaging revealed intraparenchymal 
contusions in the left frontal, parietal, and tempo-
ral regions. He was admitted for comprehensive 
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rehabilitation approximately 3 weeks post-injury. 
Upon admission, he was ambulatory and could 
move all extremities. He was nonverbal with fl at 
affect. His Mississippi Aphasia Screening Test 
Score was 0/100 with a suspicion of global apha-
sia consistent with the site of his brain injury. He 
did not follow single-step verbal commands for 
any staff member. However, he would follow 
most visual commands demonstrated to him that 
were simple in complexity. At times, he would 
attempt to follow visual commands but moved 
incorrectly (suspected apraxia). On occasion, he 
was observed to pick up a telephone and say hello 
despite being nonverbal in all other situations. He 
was also noted to hit buttons on the remote con-
trol when lying in bed and looking at the TV. He 
did not interact with staff. He often held his head 
down when others tried to engage him. His GOAT 
score was −8 due to non-responding to orienta-
tion items or visual stimuli indicating choices for 
orientation items. His agitated behavior scale 
score was 27 (high degree of motor restlessness 
and inattention). During his fi rst few days on the 
unit, he was noted to not eat much on meal trays 
brought to his room. Later, he was found to have 
trouble manipulating utensils/objects consistent 
with an apraxic presentation that is also consis-
tent with the site of his injury. Although he was 
physically capable of toileting independently, he 
would have accidents or would be noted to uri-
nate in the trash can in his room.  

    Psychologist’s Observation/Data 
Gathering Session 

 The psychologist was on the unit when the patient 
was observed in the elevator lobby of the locked 
unit with approximately 10 security and staff 
members surrounding the patient. During this 
incident, the patient was yelling un-intelligible 
phrases and backing into the lobby wall. As staff 
stood around, he would hit the doors of the eleva-
tors but did not hit the call button. Although the 
elevators required a passcode to active the call 
button, an elevator opening on the fl oor would 
allow an exit. An elevator eventually opened and 
the patient got on the elevator. Staff held the ele-

vator on the fl oor. Patient did not attempt to hit 
other fl oor buttons. He would pace the interior of 
the elevator and occasionally hit the walls. He 
never attempted to hit staff. When an alarm 
sounded indicating the elevator had been held on 
the fl oor too long, the patient got off the elevator 
and went back to his room. Security and fl oor 
staff backed off to avoid frightening the patient. 
When he got back to his room, a nursing assistant 
(on loan from another fl oor and unfamiliar with 
the patient) was waiting for him. Psychologist 
followed him into his room and observed nursing 
assistant state in a frustrated tone “Are you going 
to cooperate with me now and let me take your 
vitals?” (while standing with her hands on her 
hip) The patient sat down on his bed and held his 
head down. He did not look at the nursing assis-
tant. He did not cooperate with her vitals exam. 
Psychologist learned that this was the situation 
taking place prior to his elopement. He did not 
“cooperate” with vitals exam, which led to 
increased frustration by the nursing assistant try-
ing to fi nish her rounds.  

    Results of Functional Analyses 

    Defi ne Problem Behavior 
•     Elopement from unit  
•   “Uncooperative” with vitals exam     

    Situational Antecedents 
•     Vitals exam at bedside  
•   Unfamiliar staff  
•   Verbal instruction used to comply with vitals 

assessment  
•   Frustration in voice of clinical provider     

    Patient Antecedents 
•     Receptive language problem (poor compre-

hension of verbal statements made to him).  
•   Apraxia (inability to use objects accurately 

and consistently). It is our clinical experience 
that automatic behaviors are most preserved 
(picking up phone and saying hello; holding 
remote control). Many staff observed him pick 
up the phone when it rang or hit buttons on 
remote and assumed he was more capable of 
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other complex motor behaviors. His apraxia 
was more pronounced in tasks requiring use of 
utensils (explaining his initial incomplete 
meals), going to urinal accurately and consis-
tently, using elevator buttons (knowing how to 
call the elevator, etc.)  

•   Acute confusional state (disorientation, agita-
tion, inattention, etc.).  

•   Lability—more pronounced in delirium/ 
confusion and likely intensifi ed his frustrated 
response to vitals examination—also observed 
with frontal lobe lesions.     

   Consequences of His Being 
Uncooperative 
•     Patient escalated quickly in situation where he 

may have perceived someone being upset with 
him. Although he did not understand the con-
tent of the nursing assistant’s instructions dur-
ing vitals exam (due to his aphasia), we believe 
that he was capable of interpreting nonverbal 
communication (such as tone of voice) as the 
right hemisphere had no lesion abnormalities. 
Her frustrated tone of voice (which likely esca-
lated with continued noncompliance) may 
have facilitated his exaggerated response (frus-
tration) to a situation he did not understand. To 
escape someone communicating negatively 
with him, he left the room in an agitated state 
resulting in the elopement attempt.  

•   An important note, his elopement attempt 
ceased when the elevator noise was uncomfort-
able to him and he went back to his room. The 
elevator remaining on the fl oor in combination 
with an aversive elevator sound prompted the 
patient to exit the elevator and return to the fl oor.     

   Hypothesis 
 Patient likely did not understand the instructions of 
nursing when asking him to cooperate with vitals 
exam. He escalated due to nonverbal communica-
tion style of staff suggesting anger and frustration.  

   Treatment Approach 
     1.     Involve  and  educate  all staff about patient’s 

cognitive defi cits.   
   2.    Adopt  response prevention strategies . Help 

staff with communication style and imple-

mentation of nonverbal communication with 
him. For example, using a calm voice and let-
ting patient see staff face when interacting 
with him helped to get his attention. Use of 
gestures while speaking to him calmly helped 
to get his cooperation.   

   3.    Educate staff about cognitive and behavioral 
defi cits of this patient and provide strategies 
for maximizing patient cooperation given the 
patient’s unique neurologic profi le. Ask staff 
to pass information along from shift to shift.      

   Results 
 The strategies worked. Staff implemented strategies 
recommended with the patient. Patient continued to 
make progress and resolved from his acute confu-
sional state with no further episodes of elopement.    

    Concluding Remarks about Cases 

 Although each of these cases highlight patient 
scenarios that are challenging and potentially 
dangerous to patients and staff, they reference 
the importance of an individualized treatment 
approach ( ideographic ) rather than a uniform 
( nomothetic ) response (i.e., such as giving sedat-
ing medications to all violent patients). Figure  3  
below highlights the complexity of behavioral 
issues following TBI. Their manifestation can 
often result from an interaction of environment 
with a specifi c patient’s impairments occurring 
in the context of brain injury. Although several 
books highlight information about common 
behavioral issues and provide education about 
brain injury, they do not emphasize all of the ele-
ments necessary to understand a particular 
behavioral issue for a specifi c patient. To do this, 
it is necessary to conduct a functional analysis 
including patient TBI characteristics (e.g., cog-
nitive functioning, awareness, etc.). Functional 
analysis promotes enhanced understanding by 
considering patient and environmental contribu-
tions to the problem behavior. This improved 
understanding can lead to the development of 
new treatment strategies.

   Key components to implementing behavior 
management interventions with TBI patients 
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include understanding the course of acute recovery 
following brain injury, knowing patient- specifi c 
impairments, and identifying how the environ-
ment contributes to challenging behavior issues 
following brain injury. Table  3  highlights 
 common pointers for rehabilitation staff in 

working with team members, TBI survivors, and 
family members.

           Appendix: Functional Analysis 
Sample Worksheet 

       

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

____________________ ____________________ ____________________

“A”

Antecedent

“B”

Behavior

“C”

Consequence

People (+ or –)

Places

Things

Looks like

Frequency

Duration

What happened

Reaction from others

Get something

  

  Fig. 3    Conceptual    model    of 
necessary components to 
understanding when 
implementing behavior 
management intervention 
on inpatient rehabilitation 
units       

   Table 3    General recommendations for population spe-
cifi c groups   

 Target group  General recommendations 

 Team 
members 

 Be consistent 
 Do not expect a quick fi x 
 Everything is relative 
 Educate yourself about course of illness 
 Measure behavior (small changes are 
improvement) 
 Communicate with everyone 
 Debrief with the Team psychologist 
neuropsychologist 
 Be aware of burnout issues 

 TBI 
survivors 

 Do not talk down to patient 
 Focus on behavior not person 
 Undesirable behavior not undesirable 
person 
 Monitor your own response (emotions, 
behavior) to him her 
 Explain course of illness and do so 
repeatedly if necessary 

 Family 
members 

 Educate 
 Schedule family conferences 
 Schedule regular team meetings 
 Be aware of unspoken family 
embarrassment 
 Identify and intervene with ineffective 
coping strategies 
 Explain importance of consistency 
(generalizability) 
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    Abstract  

  Memory problems are reported by the majority of persons with traumatic 
brain injury (TBI) and have a negative impact on their everyday indepen-
dence and functioning. Research shows that training in compensatory 
memory strategies is effective for improving memory functioning in per-
sons with TBI; however, no one strategy can meet the needs of all people 
with TBI. The current chapter provides an overview of the type of mem-
ory problems typically observed in people with TBI, as well as a review 
of the evidence for cognitive rehabilitation of memory. A systematic, 
individualized approach to training in compensatory memory strategies is 
then presented with an emphasis on ecological validity and integrating 
the preferences and resources of people with TBI and their caregivers. 
Two case examples are presented to illustrate the implementation of this 
approach to memory strategy training.  
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        Background and Purpose 

 Impaired memory has long been known as one of 
the most frequently reported changes following 
traumatic brain injury (TBI) [ 1 ]. Signifi cant changes 
in memory after TBI have been documented on 
neuropsychological measures, subjective measures, 
quality of life measures, and both short-term and 
long-terms outcomes [ 2 – 5 ]. Impaired memory has 
wide-reaching implications for community integra-
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tion and participation, as it can disrupt ability to fi nd 
and maintain work, live independently, manage 
household chores, and manage fi nances. Memory 
impairment can also have an impact on social activ-
ities, since forming and maintaining relationships 
depends partially on ability to make and keep dates 
for social activities, recall information about others’ 
likes and dislikes, and discuss previous shared inter-
actions. Poor performance on objective measures of 
memory after TBI has been associated with 
increased disability, unemployment, major depres-
sion, and decreased social autonomy [ 6 – 9 ]. 
Effective interventions for memory diffi culties after 
TBI are crucial for improving quality of life and 
community participation after TBI. 

 The purpose of the current chapter is to pro-
vide clinical neuropsychologists with an under-
standing of the rehabilitation of memory 
impairments after TBI. The chapter will begin 
with an overview of the types of memory prob-
lems typically observed in people with TBI, as 
well as the way that these problems manifest in 
everyday functioning. This will be followed by a 
review of the evidence base for rehabilitation of 
memory after TBI. The second half of the chapter 
will focus on clinical implementation of training 
in compensatory memory techniques, including 
practical concerns when conducting this type of 
training. As the evidence base to date relates pri-
marily to rehabilitation of memory in a post- acute 
setting, this chapter will focus on rehabilitation of 
memory impairments in individuals who have 
emerged from posttraumatic amnesia (the period 
of disorientation and inability to form continuous 
day-to-day memory that often accompanies the 
acute stage of recovery from TBI). Therefore, 
memory disturbance associated with acute confu-
sion will not be addressed in this chapter. Readers 
interested in this topic can refer to the chapter by 
Mark Sherer and Joe Giacino in this volume.  

    Typical Types of Memory 
Problems After TBI 

 Severe retrograde amnesia is not a common prob-
lem following TBI. The person with injury may 
be unable to recall events immediately preceding 

the injury, or sometimes during the entire day to 
several days before injury; however, recall of 
information that was well-learned prior to injury 
is typically intact [ 10 ]. This includes autobio-
graphical information, life events, well-learned 
facts (such as historical information) and proce-
dures. In contrast, anterograde amnesia is com-
mon following TBI. People with TBI can have 
diffi culty with the acquisition/encoding [ 11 ], 
storage [ 12 ], and/or retrieval [ 13 – 15 ] of new 
information. Many people with TBI are able to 
retain information that they did encode or learn, 
even after a delay; however, the overall amount of 
material that they were able to learn is often 
impaired, leading to defi cient recall compared to 
normative data. At least one study suggested that 
impaired acquisition accounted for poor retrieval 
of information, as retrieval was equivalent for 
people with TBI and healthy controls, after 
equating the groups on learning acquisition per-
formance [ 16 ]. Another study, conducted with 
veterans with TBI, found three clusters of people 
with TBI regarding memory impairment: a con-
solidation defi cit cluster with impaired overall 
learning and recall, but adequate retention of the 
information learned; a retention defi cit cluster 
with impaired free and cued recall of information 
learned; and a retrieval and control defi cit cluster, 
showing impaired free recall of information, 
improvement with cued recall, presence of intru-
sion errors, and presence of false positive errors 
during auditory recognition memory [ 17 ]. These 
performance clusters were considered to be con-
sistent with the theoretical memory constructs of 
consolidation, retention, and retrieval. 

 Learning and recall diffi culties after TBI are 
often related to impairments in attention, organi-
zation, and/or processing speed. For example, 
someone with impaired attention may be dis-
tracted by competing internal or external informa-
tion when attempting to learn material. Persons 
with TBI have been shown to have increased sus-
ceptibility to interference during recall [ 18 ] and to 
have diffi culty distinguishing between intrusions 
and target material [ 19 ,  20 ]. Diffi culty distin-
guishing between target words and distracters 
during auditory recognition memory has also 
been reported [ 21 ]. Impaired organization can 
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impact learning by making it diffi cult for some-
one to impose structure to assist with learning, 
such as categorizing information into related 
groups or relating it to information that they 
already know. For example people with TBI have 
been shown to have diffi culty making spontane-
ous use of semantic organization strategies, 
although they are able to process information 
semantically and benefi t when provided with 
semantic cues [ 11 ,  19 ,  22 ]. A person with impaired 
processing speed will likely have diffi culty keep-
ing up with information that is presented, making 
it diffi cult to encode it for later use. 

 Impairments in encoding or retrieval often 
occur for visual/spatial information, as well as 
for verbal information. This can lead to problems 
in fi nding their way around in everyday life [ 23 ]. 
Modality-specifi c memory impairments (e.g., 
intact recall of verbal information with impaired 
recall of visual information, or vice-versa) are 
rare following TBI, due to the diffuse axonal 
injury and coup-contrecoup injuries that are the 
hallmark of TBI and that often impact bilateral 
frontal and temporal lobes; however, they can 
occur and have been noted to particularly impact 
acquisition and storage [ 24 ]. 

 One of the most common memory diffi culties 
following TBI is impaired prospective memory 
[ 10 ,  25 ,  26 ]. Prospective memory refers to the abil-
ity to remember to perform a task in the future, 
such as remembering to call for lunch in 15 min or 
to call for an appointment on a certain day [ 27 ,  28 ].  

    Manifestation of Memory Problems 
in Everyday Life 

 While formal assessment can provide a partial 
picture of memory functioning, it cannot provide 
a complete picture of the everyday strengths and 
weaknesses that people with TBI exhibit. 
Memory performance in a structured testing situ-
ation may not correspond with everyday memory 
functioning. Clinical experience has indicated 
that people who perform well in the structured 
testing situation may have diffi culty learning and 
recalling information in less structured, daily set-
tings. Conversely, people who perform poorly on 

traditional memory tests may use environmental 
cues or compensatory strategies that enable suc-
cessful memory functioning in daily life. 
Therefore, an important part of any memory 
assessment should be informal assessment of the 
perceptions of the person with injury regarding 
their everyday memory functioning. Obtaining a 
family member or close other’s perception of the 
person with injury’s memory abilities can also be 
helpful, due to the possibility of impaired aware-
ness of defi cits in the person with injury. Research 
has indicated that people with TBI are often inac-
curate reporters of memory problems [ 29 ,  30 ]. 

 Our clinical and research experiences in the 
area of TBI have indicated that memory prob-
lems typically fall into one of the following cate-
gories: diffi culty keeping track of belongings; 
forgetting what needs to be done (e.g., appoint-
ments to attend, chores to complete, questions to 
ask of a physician or teacher); forgetting how to 
get to places; forgetting what people have told 
them or what they have learned (including peo-
ples’ names); and forgetting how to do some-
thing/procedures. Prospective memory failures 
are the most common memory problems reported 
by persons with TBI (and their family members) 
in daily life [ 10 ,  26 ]. These memory failures 
involve forgetting to keep track of tasks that need 
to be accomplished at a certain point in time, 
such as when to take medication, when to pick 
children up from activities, and when to pay bills. 
This type of memory diffi culty can be particu-
larly devastating for persons with TBI, since 
being independent relies on the ability to remem-
ber when to initiate activities. It also has health 
and safety consequences, since forgetting to take 
medications at a certain time is a manifestation of 
impaired prospective memory.  

    Review of Interventions 
for Memory Problems 

 Interventions for memory problems can be clas-
sifi ed as restorative or compensatory, based on 
their aims [ 10 ]. The goal of restorative treatments 
is to restore memory functioning through system-
atic training and repetitive drills. This method of 
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intervention is based on the theory that memory 
abilities can be restored through practice. The use 
of computerized games or programs designed to 
“exercise” the memory skills of the person with 
injury is an example of a treatment targeting res-
toration. Unfortunately, there is minimal empiri-
cal evidence to support the effectiveness of 
interventions aimed at restoring memory. 

 A second approach to improving memory 
after brain injury involves training in the use of 
compensatory strategies to circumvent existing 
memory problems [ 10 ]. This approach is based 
on the premise that memory function does not 
have to be restored in order for functional mem-
ory to improve. Instead, performance on every-
day memory tasks can improve if the person 
learns effective strategies to serve in place of lost 
memory abilities. Compensatory strategies used 
can be classifi ed as internal or external. Internal 
strategies include the use of visual imagery tech-
niques, rehearsal and repetition, chunking or 
organization strategies, and self-instructional 
strategies. Training in use of internal memory 
strategies has been shown to be effective for 
improving performance on neuropsychological 
tests of memory [ 31 ,  32 ]; however, generaliza-
tion to functional memory tasks is not clear. 
Furthermore, the use of internal strategies may 
tax the cognitive resources of persons with TBI, 
who often have concomitant impairments in 
attention, information processing speed, and 
executive functions. For this reason, the use of 
internal strategies may work best for those with 
mild memory impairment. 

 The use of external memory aids can circum-
vent some of the diffi culties inherent in use of 
internal strategies. They involve the use of an 
external aid to remind people to perform tasks, 
attend appointments, etc. Studies investigating the 
use of external memory strategies can be  classifi ed 
into two broad categories: paper-based aids and 
electronic aids. The majority of paper-based inter-
ventions center on the utilization of a journal, 
notebook, or planner for compensation [ 33 – 35 ]. 
Use of memory notebooks or daily journals has 
been shown to be effective for reducing everyday 
memory failures [ 36 ,  37 ]. One study indicated 
that training in memory notebook usage was 

superior to the use of internal rehearsal strategies, 
particularly for persons with more severe memory 
impairment [ 36 ]. Ownsworth and McFarland 
found that addition of self- instructional training to 
the use of a daily diary resulted in a reduction in 
everyday memory failures. 

 While use of memory notebooks and other 
paper-based aids are readily available at a rela-
tively low-cost, they are not optimal for all per-
sons with TBI. Many people forget to use the 
strategy, requiring frequent cueing by family 
members. The time required to train in the use of 
a memory notebook can be quite intensive, and 
consistent repetition is often needed [ 37 ]. Based 
on their systematic reviews, Cicerone and col-
leagues concluded that external strategies are 
most effective for persons with mild memory 
impairment, and often do not work for persons 
with severe memory impairment. 

 In recent years, the rapid increase in portable 
technology has offered the possibility of using 
electronic external memory aids. For example, 
the use of voice recorders or mobile phones has 
been investigated as a means of compensating for 
memory problems. These devices have the bene-
fi t of being able to provide external cues, such as 
alarms, to remind a person of when to complete a 
task or attend an appointment. While many of the 
electronic aids have been investigated using case 
study designs and small sample sizes of less than 
20 participants, the results of these preliminary 
investigations indicate that these technologies 
hold promise as memory compensation strategies 
[ 38 – 42 ]. Such technologies have shown success 
in helping people with TBI to meet everyday 
memory goals (e.g., remembering to take medi-
cations, remembering tasks to be completed) and 
remembering therapy goals. 

 In summary, a variety of compensatory mem-
ory strategies have been found to be successful for 
persons with brain injury. Based on their system-
atic reviews of the literature on cognitive rehabili-
tation, Cicerone and colleagues concluded that 
memory strategy training, using internalized or 
externalized strategies, is a practice standard for 
persons with mild memory impairment due to 
TBI [ 43 – 45 ]. They recommended use of external 
strategies, with direct application to functional 
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activities, as a practice guideline for people with 
severe memory defi cits after TBI or stroke. This 
latter recommendation was made because people 
with severe memory defi cits often have diffi culty 
learning to use strategies, and also forget to use 
those that they learned. They also have diffi culty 
generalizing strategies learned for one task to 
another task. Therefore, learning a very specifi c 
strategy to help them with a specifi c functional 
task promotes greater success.  

    Special Considerations 
for Memory Strategy Training 

 While the concept of training a person to use a 
compensatory memory strategy may appear to be 
common sense, there are some special issues to 
consider. Attention to these issues can maximize 
success of the person with TBI in learning the 
strategy and applying it to functional activities in 
their daily lives. 

    Use of Ecologically Valid 
Training Tasks  

 The importance of using ecologically valid tasks 
when training in use of compensatory memory 
strategies has been emphasized [ 43 ,  44 ,  46 ]. 
Ecologically valid training tasks imply that the 
strategies used to instruct the individual on how to 
achieve a target behavior have direct relevance for 
his or her everyday life. In a review of  instructional 
techniques to be used with neurogenic memory 
impairments, 27 % of the 51 studies reviewed by 
Ehlhardt and colleagues utilized ecologically 
valid tasks, and of these studies, 100 % reported 
positive fi ndings [ 46 ]. Further, their review sug-
gested that an individual’s learning is facilitated 
when the selected tasks or information has inher-
ently functional value. Simply put, persons with 
brain injury are more likely to consistently use 
memory strategies that they perceive as being rel-
evant to real-world goals and tasks. Scherer and 
colleagues have emphasized the importance of 
matching compensatory technologies for cogni-
tive diffi culties with the specifi c needs and prefer-

ences of users [ 47 ]. For example, younger people 
may be more comfortable using portable elec-
tronic/digital technology, such as mobile phones 
and iPads. Some older people may be uncomfort-
able with any type of computerized technology. 
These comfort levels must be accounted for when 
choosing a memory strategy. 

 In partial response to the need to use ecologi-
cally valid training tasks, the concept of contextual-
ized rehabilitation for persons with brain injury has 
gained increasing attention in recent years [ 48 ,  49 ]. 
Contextualized rehabilitation refers to treatments 
provided within the daily context of the individual. 
While traditional rehabilitation occurs in a treat-
ment facility, often using simulated real-world 
tasks, contextualized rehabilitation is incorporated 
into the real-world everyday activities of the person 
with injury. In this approach, there is an emphasis 
on arranging the environment to help the person 
with injury to become more successful in everyday 
activities. Training of signifi cant others, including 
parents and coworkers, is an important part of this 
approach. Training persons with TBI in the use of 
compensatory strategies (digital technology) in the 
home setting was conducted by Gentry with posi-
tive impact on everyday memory tasks and com-
munity integration outcomes [ 50 ]. The conduct of 
compensatory memory training in the home and 
community settings appears to hold promise as a 
means of increasing successful use of memory 
strategies in everyday life; however, the compara-
tive effectiveness of contextualized training relative 
to standard training has yet to be investigated.  

    Involvement of Caregiver or 
Signifi cant Other in Training 

 As indicated in the section on interventions, training 
in the use of memory strategies can sometimes 
require much repetition and can tax the cognitive 
resources of people with TBI. In addition, the gener-
alizability of the training to other daily tasks and 
situations is unclear. Inclusion of a caregiver or sig-
nifi cant other in the training can help to circumvent 
these problems. Caregivers can provide reminders 
for the person with TBI to use the memory strategy 
regularly, help them to identify situations in which 
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the strategy is needed, and assist with application of 
the strategy in new situations. Caregivers should be 
encouraged to initially provide regular prompts to 
use the strategy. These prompts can be faded over 
time as the person becomes more independent in 
using the strategy. Caregivers should also be trained 
to assist the person with injury in practicing the strat-
egy frequently, in all situations in which it might be 
helpful. This consistent practice can result in the 
strategy use becoming habit, which can gradually 
lead to increased independence for the person with 
injury. Caregivers can also serve as an important 
source of reinforcement and encouragement, partic-
ularly during the initial stages of learning a strategy, 
when the person with injury may have frequent fail-
ures that may tempt them to abandon the strategy. 
Finally, caregivers are in a unique position to help 
the person with injury to identify the situations in 
which memory strategies are needed, as they are 
often intimately familiar with their daily routines 
and responsibilities. They can also be helpful in 
identifying potential obstacles to strategy use, so that 
the therapist can assist with problem-solving.  

    Emphasis on Process 

 Even the most individualized, ecologically valid 
memory strategy will not work for every memory 
problem that a person encounters in their daily 
lives. This is the problem with some traditional 
approaches used in rehabilitation programs, 
where a single compensatory strategy (e.g., 
memory notebook usage) is taught to all clients 
with TBI. People are most likely to have success 
with daily memory functioning if they (and their 
caregivers) learn a process for systematically 
approaching everyday memory problems. This 
process can then be applied to novel situations, 
where the particular memory strategy that they 
learned in rehabilitation may not work. 

 Training clients to ask themselves the follow-
ing questions when they approach a new situation 
can be helpful: (1) “Will I have anything that I 
will need to remember in this situation?” (2) 
“What kind of information will I need to remem-
ber in this situation?” (3) “Will the memory strat-
egy that I usually use work in this situation?” or 

“What things might get in the way of me using a 
strategy to remember information in this situa-
tion?” Teaching the person with injury and care-
giver to systematically ask these questions when 
approaching new situations can help them 
become accustomed to solving new memory 
problems on their own, beyond the end of ther-
apy. Therapists can help teach this approach 
through use of role plays and verbal problem- 
solving. An example is that the person may need 
to attend a doctor’s appointment on a certain day. 
He may identify that he will need to ask the doc-
tor questions about the side effects of a medica-
tion that he has been taking. The therapist may 
ask the person to consider whether the strategy he 
typically uses will work in this situation. 
Assuming that the person uses a memory note-
book or electronic organizer, the person could be 
prompted to enter the questions into this tool. 
The therapist can then help him to identify poten-
tial obstacles to using the strategy. For example, 
he may carry the notebook or organizer in a bag 
and may forget to look at it while with the doctor. 
The therapist could help him to plan to carry the 
notebook or organizer in his hands. Another 
potential obstacle is that he could become dis-
tracted by the doctor’s questions and forget to use 
the strategy. The therapist could help him to 
problem solve solutions, such as placing a sticker 
on the front of the notebook or organizer to 
remind him to look inside for the question. 
Alternatively, he might periodically ask himself 
if there is anything he needs to ask the doctor, in 
order to cue himself to look at the notebook. 
Obviously, these solutions will not work for 
everyone and may not work the fi rst time. The 
important thing is to engage the person with TBI 
in the process of systematically planning and 
solving everyday memory problems, in the vari-
ety of situations in which they might occur.   

    A “How-to” Guide for Memory 
Compensation 

 In our experience, there are several steps necessary 
for maximizing successful use of compensatory 
memory strategies and for promoting effective 

A.M. Sander and L.M. van Veldhoven



179

generalization. These steps are described below. 
The steps begin following a comprehensive formal 
neuropsychological assessment of memory. 

    Step 1: Gathering of In-Depth 
Information on Who, What, When, 
Where, and How 

 Moving straight from neuropsychological test 
performance to recommending a memory strat-
egy is not likely to be successful. As with all 
people, persons with TBI vary in the extent to 
which they used memory strategies before injury, 
their everyday memory needs, their comfort level 
in using certain strategies, and their resources to 
support strategy use. Clinicians must have a com-
prehensive understanding of all of these issues in 
order to successfully train a person to use a mem-
ory strategy. We have seen the frustrating and dis-
appointing outcome of a memory compensation 
strategy that was poorly developed due to inade-
quate information gathered by the clinician. 
Information that is important to memory com-
pensation selection and development can fall into 
several categories, including:
•    Specifi cs about the memory problem: the 

who, what, when, where, and how  
•   Reactions, both positive and negative, to 

potential compensation strategies  
•   Available resources  
•   Family/signifi cant other/caregiver support and 

willingness to be involved  
•   Previous compensation efforts    

 By gathering information that fi ts into these 
categories, the clinician will be able to under-
stand and identify which approach will best meet 
the memory needs of the person with injury, and 
potentially avoid problems that could deter the 
person’s ability to be consistently successful in 
use of the memory strategy. While not directly 
reported in the literature, experienced clinicians 
are aware that success is limited when taking a 
memory compensation approach “off the self” 
and delivering it to the person with injury, with-
out understanding their needs or preferences. 
Only by fully understanding the specifi cs of the 
memory problem and the contributing factors 

that facilitate and hinder memory compensation 
efforts, can the clinician devise an informed plan 
for intervention.  

    Step 2: Choose a Compensatory 
Memory Strategy (with Input of the 
Person with TBI and Caregiver) 

 Based on the information gathered during step 1, 
the clinician can hypothesize which memory 
strategy may best fi t the client’s needs and avail-
able resources; however, the fi nal choice of strat-
egy should be made with input from the client and 
involved caregiver. Acceptance of the strategy by 
the person with injury is crucial to successful 
implementation. Some people have strong nega-
tive reactions to using compensatory memory 
strategies, believing that they are a “crutch” and 
will prevent their memory abilities from improv-
ing. Education is especially important for these 
people. Open discussion about their comfort level 
in using the strategy, and any anticipated obsta-
cles to use, helps to ensure ecological validity and 
to involve the client in the thinking process, which 
can be crucial for continued compensation of 
memory problems once the intervention ends. 
Even a clinician with years of experience in com-
pensatory memory training may not be successful 
if pushing a strategy that a particular client is not 
comfortable with. We view the memory rehabili-
tation process as a partnership, with both therapist 
and client working together to develop and imple-
ment memory compensation strategies. A list of 
some possible strategies is shown in Table  1 . We 
have found that it is helpful to provide clients with 
a list of possible strategies to begin discussion, 
and we have provided a description that can be 
offered to clients for each strategy. This list is not 
meant to be exhaustive, and therapists should be 
open to clients proposing novel strategies that 
meet their needs.

       Step 3: Setting Up the Strategy 

 Once a strategy has been agreed upon, the ther-
apist should help the client and caregiver to set 
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up the strategy in a way that will maximize suc-
cess. Even if a client is already using a strategy, 
it may need to be set up differently or reorga-
nized. A good example is use of a pill box to 
keep track of medications. Many pill boxes are 
set up by day, with all the medications for one 
day placed in the same compartment (e.g., 
“Monday” compartment). This can be problem-
atic if there is more than one dose of the same 
medication per day, or if there are multiple 
medications being taken in one day, but at dif-
ferent times. Persons with impaired memory 
may forget which of the medications to take at 
which time or may become confused and take 
medications twice. The pill box should be set 
up according to dosage times. For example, all 
of the medications for the Monday a.m. time 
slot should be in one compartment, the noon 
time slot in another, and the p.m. dosage in yet 
a different compartment. This strategy may also 
need to be supplemented by use of an alarm to 
cue the person with TBI to go to the pill box to 
take the medication. This is just one example of 
how traditional strategies may need to be 

altered to fi t the needs of individual clients. 
Setting up strategies in the context in which 
they will be used (e.g., home, community) can 
be very benefi cial.  

    Step 4: Demonstrating the Strategy 

 Simply explaining strategy use to a person with 
TBI and/or their caregiver is not usually suffi -
cient. Even the most well-established and easy-
to- follow verbal and written instructions can be 
diffi cult to implement once the individual with 
injury has left the rehabilitation treatment setting 
and returned to his or her home or community. 
The clinician should teach the memory compen-
sation strategy to the client in short, discrete steps 
and provide reinforcing feedback. It is imperative 
to know that the person with injury adequately 
understands how the memory compensation 
strategy is implemented and when to use it. This 
can best be done by breaking the strategy down 
and showing the person with injury in a “hands-
on,” ecologically valid manner (i.e., working 

   Table 1    Examples of compensatory memory strategies   

 Compensatory memory strategy  Brief description of strategy 

 Memory notebook  A place where all important information to be remembered is written down. 
A memory notebook can be divided into different sections (e.g., daily calendar; 
things to do; addresses and phone numbers) based on individual needs. It can 
also be referred to as a planner or organizer 

 Cell phone or smart phone  Blackberry, iPhone, and other mobile phones have alarms that can be set to 
sound at a particular time and date as a reminder of appointments, things to do, 
etc. Some phones also have calendars and a place for notes 

 Computer  Like a memory notebook, a computer can be a place where all important 
information is kept. A calendar program on a computer can be used to keep track 
of important appointments or tasks to accomplish (e.g., paying bills, submitting 
paperwork) 

 Checklist  A list of items that need to be purchased, tasks that need to be completed, steps 
in a task or procedure, or anything else that needs to be remembered and can be 
formatted like a checklist (i.e., each step or item can be checked off as it is 
completed) 

 Memory station  A specifi c place in the home where frequently used items are kept or where 
belongings are kept that need to be taken when the person leaves home 

 Pill box  A box with separate compartments that can hold medications to be taken and 
that can be labeled as to day and time of dosage 

 Digital voice recorder  Can be used to keep track of information when writing it down is too diffi cult or 
not preferred. For example, when parking your car at the grocery store, you can 
read your car’s location into the voice recorder and after grocery shopping, play 
back what you recorded to quickly locate your car 
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with materials that will be used by the individual 
with injury and in situations that resemble the 
real-world situations as closely as possible). This 
can allow the clinician to identify obstacles to 
successful strategy implementation and address 
the problems immediately. It is important to pro-
vide reinforcing feedback as the person with 
injury implements the strategy. People often 
become discouraged when the strategy does not 
work right away, but successful use of strategies 
requires repeated practice. Providing verbal rein-
forcement and encouragement can help to build a 
client’s confi dence that he or she can master the 
strategy.  

    Step 5: Simulated and Real-World 
Practice 

 Guided practice of compensatory memory strate-
gies is important for clients to acquire the skills 
necessary to use them independently. Initially, 
this practice can occur through role-played situa-
tions with the therapist; however, much of the 
meaningful practice must occur in real-world 
situations, such as in the client’s home or com-
munity. Assigned practice of strategies in these 
real-world environments is crucial to success. 
The therapist should help the person with injury 
to identify specifi c opportunities for practice in 
their real-world environments. The strategies 
should be practiced a minimum of once per day, 
but optimally more frequently. Providing clients 
with a written reminder to practice (e.g., calen-
dar, list) can be benefi cial, but involving caregiv-
ers to prompt them is also helpful. If naturally 
occurring opportunities for daily practice are not 
readily available during the course of a client’s 
day, the clinician should assist with development 
of role-plays that can be used to practice strate-
gies. In our clinical practice and experience, daily 
and repeated practice of the memory compensa-
tion strategy is necessary for the strategy to 
become a habit. Once use of the memory strategy 
becomes a habit, the memory problem that it is 
designed to address will have less of an impact on 
the person’s daily functioning. This is the ulti-
mate objective of memory rehabilitation.  

    Step 6: Follow-up Support 

 Use of compensatory memory strategies often 
must evolve over time to meet changing needs in 
real-world environments. Follow-up support is 
important for helping to maintain the skills 
learned during therapy. This support can be pro-
vided by telephone or in person. During these 
support sessions, the therapist can determine if 
the client is using the memory compensation 
strategy on an ongoing basis, if he or she is 
encountering any problems, and if the strategy 
needs to be adapted to meet the demands of a new 
situation. The therapist can assist with problem- 
solving and tweaking of the memory strategy. 
Whenever possible, the person with injury and 
their caregiver should be engaged in the problem- 
solving process. As noted in the section on 
emphasizing process, this can help them learn 
how to generalize the memory compensation 
strategy to fi t other needs or needs that have not 
yet emerged. In some situations, development of 
a new strategy may be necessary.   

    Case Examples 

 We will now present two case examples that 
illustrate in detail how to apply the principles and 
concepts discussed in this chapter. These case 
examples are based on our clinical experiences in 
working with individuals with TBI in both a post- 
acute rehabilitation setting and in an ongoing 
clinical trial investigating contextualized mem-
ory compensation training in participants’ homes. 

    Case Example No. 1: 
Remembering to Take Medications 

 Bob was a 24-year-old male who sustained a 
severe TBI as a result of a motor vehicle accident. 
At the time of initial clinical assessment with 
Bob, he was 6 months post-injury and had not 
returned to productive work outside the home. He 
was safe to stay home alone, but had moved in 
with his girlfriend for continued support and 
assistance with meeting his needs. During clini-
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cal interview, Bob expressed several concerns 
related to his memory; chief among them was his 
ability to remember to take his medications as 
directed. He was taking numerous medications at 
multiple times throughout the day and was not 
using a pill box. Because his girlfriend and fam-
ily recognized the potential for Bob to miss a 
medication dose or take the wrong medication, 
his girlfriend and brother were actively involved 
in monitoring his medications. His brother, who 
was responsible for his daytime medications, fre-
quently called him or stopped by his apartment to 
ensure that his medications were taken as pre-
scribed. This was creating a strain for both Bob 
and his brother. Bob felt that he was being treated 
like a child and his brother was having diffi culty 
meeting his demands at work because of his 
involvement in his brother’s care. At the end of 
the initial clinical interview and assessment, it 
was agreed that the fi rst treatment goal would be 
for Bob to become independent with his 
medications. 

    Information Gathering 
 To fi gure out how to best intervene in Bob’s diffi -
culty with remembering to take his medications as 
directed, in-depth information was needed. 
Questions, like those shown in Table  2  below, were 
asked of Bob and his brother during his fi rst in-
home appointment:

   From these questions it was learned that Bob 
was taking fi ve different medications and the 
dosage of one of them changed every couple of 
days. He took medications both in the morning 
and in the evening, and for two of the medica-
tions, he took them both in the morning and eve-
ning. Bob kept his medications lined up on the 
dining room table. Once he had taken the medica-
tion, he would turn a medication bottle around, so 
that the label could not be seen. He kept his medi-
cations in the dining room so that he saw them 
frequently, which reminded him to take them, 
and he preferred to take his medications with 
food (it should also be noted that Bob did not 
have small children in his home, so there were no 
worries about keeping medications in a spot 
where a child would not be able to access them). 
Bob’s brother called him 5 min prior to a sched-

uled medication time to remind him to take his 
medication, and his girlfriend would remind him 
to take his medication in the evening if she did 
not see him take them on his own. Bob’s brother 
and girlfriend would periodically count the num-
ber of pills in a bottle to ensure that Bob was tak-
ing his medication as prescribed. When his 
medications were close to running out, his girl-
friend would call in the prescription refi ll and 
pick them up from the pharmacy. 

 Bob did not have a pill box, but was interested 
in and willing to buy one. He believed that he 
could fi ll his pill box on his own, but was willing 
to include his brother and girlfriend in the begin-
ning. He was also open to his brother and girl-
friend initially monitoring his use of the pill box 
to ensure that he took his medications, but felt 
that their monitoring would not be needed for 
very long. Bob was also interested in using his 
cell phone to set-up reminders of when to take his 
medication. He always carried his cell phone in 
his pants’ pocket or on a table next to him, so he 
did not feel that wearing a digital watch with a 
reminder was necessary. He also did not like to 
wear a watch. Bob was not interested in having 
written reminders posted in the home because he 
did not want guests to know he had a hard time 
remembering information. He also felt like 
posted reminders would lead him to feeling as if 
he was being treated like a child. 

 Prior to injury and currently, Bob felt comfort-
able with his knowledge of how his cell phone 
worked, and he believed he could independently 
program reminders on it. His brother had a simi-
lar phone to Bob’s and could be a resource for 
programming reminders, if needed. Bob’s brother 
was willing to be involved in Bob’s therapy in the 
hopes that he could become more independent 
and need less help from him. Bob’s girlfriend 
was also interested in being involved in his ther-
apy, but did not have a work schedule that would 
allow for it. Bob’s brother and girlfriend fre-
quently spoke, and he and Bob felt like they 
could adequately pass along information to her 
so that she too could help Bob with memory 
compensation efforts. 

 Before injury, Bob did not use any strategies 
to help him with his memory. He felt like he had 
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been able to remember appointments, important 
information, and anything else without any exter-
nal aids.  

    Strategy Development 
 Review of cognitive rehabilitation literature sug-
gests that a strategy focused on the use of an 
external aid with direct application to a func-
tional activity would be best for a person with a 
severe TBI [ 43 – 45 ]. Within this context and clin-
ical experience, it was hypothesized that a pill 
box, in conjunction with external reminders to 
take medications, would be a best-fi t memory 
compensation strategy for Bob’s goal of remem-
bering to take his medications as prescribed. 

Based on Bob’s preferences, text messages or 
reminders sent from his cell phone would be used 
as external reminders of when to take his medica-
tions. This strategy was presented to Bob and his 
brother and met with approval. Bob felt like the 
use of his cell phone in the strategy was in line 
with his preferences, and using his cell phone 
helped him to feel “normal since people use their 
cell phones for all sorts of things.” His brother 
felt that he and Bob’s girlfriend could easily sup-
port Bob in the use of the strategy. 

 To identify the specifi cs of how the strategy 
would work, Bob and his brother wrote down a 
list of all Bob’s medications, their dosages, and 
the times the medications needed to be taken. 

   Table 2    Information gathering for Case No. 1   

  Specifi cs about the memory activity  
 • How many medications is Bob taking? 
 • At what times must each of the medications be taken (including multiple times for some medications)? 
 • Where does Bob keep his medications? 
 • How does Bob keep track of whether or not he has taken his medications (including whether a caregiver prompts 

him)? 
 • Where is he when he needs to take his medications (e.g., at home, out in the community) 
  Previous compensation efforts  
 • What, if any, previous compensation efforts have been tried by Bob and his family to help with medication 

management? 
   – Were these attempts successful, and why or why not? 
   –  Are there elements of these previous strategies that they would like to incorporate into development of a new 

strategy? Can the existing strategy be modifi ed to be more effective? 
 • What, if any, strategies did Bob use to help with memory prior to his injury? 
  Reactions to potential compensatory strategy  
 • Is Bob open to using a pill box to manage his medications? If not, what are his concerns? 
 • Would Bob prefer to use an electronic device or paper-and-pencil-based tools to help him remember to take 

medications? 
 • Is Bob open to involving his family in helping him to learn a compensatory memory strategy? 
  Available resources  
 • Does Bob already own a pill box? 
 • Does Bob have a cell phone? 
   – Does the phone have text messaging or an alarm feature? 
   – Does Bob or his family have access to the Internet to program text reminders to be sent to his phone? 
   –  Does Bob have an alarm clock or other device (e.g., digital watch with an alarm feature) that could be used to 

alert him that it is time to take medications? 
  –What types of paper-and-pencil materials does he have that could be used to develop a strategy? 
  Family member/caregiver support  
 • How do Bob’s brother and girlfriend ensure that he is taking his medications as prescribed? 
 • Does Bob need help getting refi lls on his medications? 
 • Does Bob’s family believe that he would need supervision to fi ll his pill box? 
 How would family members, if at all, be willing to help Bob to learn a strategy to remind him to take his medications? 
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Together, they programmed Bob’s cell phone to 
send him a reminder message that consisted of 
the instruction “take AM MEDS” or “take PM 
MEDS,” depending on which time of day it was. 
With the reminders in place, Bob and his brother 
fi lled his pill box, using the medication list they 
had created and paying close attention to the par-
ticular medication that changed three times dur-
ing the week. Bob chose to keep his pill box on 
the dining room table since he had a strong mem-
ory of the pills being there and it did not pose a 
risk to anyone in the household to keep them 
there. Bob also decided he would like to keep a 
box of crackers next to his pill box so that he 
would have food to eat when it was time to take 
his medications. 

 In terms of a procedure to follow, it was 
decided that after hearing and reading the 
reminder message, Bob would stop whatever he 
was doing, get a glass of water and then sit down 
at the dining room table, take the pills out of the 
appropriate place in the pill box, eat a few crack-
ers, and then take his medications. At the end of 
the week, Bob would refi ll his pill box. For the 
fi rst 2 weeks, Bob would fi ll the pill box with 
either his brother or girlfriend. After that, he 
would fi ll it on his own, with his brother or girl-
friend checking his work until everyone felt con-
fi dent in Bob’s ability to independently fi ll his 
pill box. A plan for Bob to take over calling in his 
own prescription refi lls was deferred initially; 
however, Bob indicated that once he was fi lling 
his pill box with complete independence, he 
believed he could make his girlfriend aware of 
the need to call in his prescription refi lls.  

    Teaching of Strategy and Assignment 
of Practice 
 To ensure that Bob could carry out the compensa-
tion strategy that was developed, the therapist 
fi rst modeled the strategy in short, discrete, 
 concrete steps to Bob and his brother. Sitting in a 
chair in his living room, the therapist made a 
mock cell phone alert sound and upon hearing the 
sound, picked up Bob’s cell phone and said, “my 
phone has a reminder message on it that says 
‘take AM MEDS,’ I am going to get up out of this 
chair and get a glass of water. The therapist then 

walked into the kitchen, with Bob and his brother 
following behind her watching, and got a glass of 
water. The therapist then said, “I have a glass of 
water and I am now going to go sit at the dining 
room table.” She then went and sat at the dining 
room table and said, “I am taking the medications 
out of the AM slot for Monday.” She then took 
the medications out of the indicated spot. The 
therapist then said, “I am going to eat a few 
crackers and then I’ll take my medications.” 
Having gone through the entire strategy step-by- 
step for Bob and his brother, the therapist asked if 
they had any questions before helping to guide 
Bob through the same trial run. Without much 
diffi culty, Bob went through the strategy and the 
therapist positively reinforced his efforts. 

 Bob needed to take medications twice a day, 
so the therapist did not see a need to assign him 
any artifi cial practice. Practice of the strategy was 
already set up through the twice daily reminders 
that were programmed in Bob’s phone. With Bob 
in agreement, Bob’s brother would call him 
15 min after his morning reminder had gone off 
on his phone to ensure that he had taken his medi-
cations. His girlfriend would be home in the eve-
ning to observe if Bob followed through with the 
reminder to take his evening medications. Bob, 
his brother, and the therapist felt comfortable 
with the plan for continued use and practice of 
the memory compensation strategy.  

    Follow-up Support 
 During a follow-up visit, Bob and his brother 
reported successful use of the strategy. As a pre-
caution, the therapist asked Bob to role-play use 
of the strategy. During this role-play, the therapist 
noticed that Bob’s pillbox was full despite it 
being the middle of the week. She queried Bob 
about this and Bob reported that he fi lled in the 
pill box each night. The therapist, Bob, and his 
brother discussed the pros and cons of fi lling the 
pill box each day or once a week. Together they 
identifi ed that it was better to fi ll the pill box once 
a week so that Bob could immediately know 
where he was at with his pills during a week. 
Particularly due to the medication with dosage 
changes, the potential for confusion and inaccu-
rate taking of medications was high. No other 
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diffi culties or problems with this strategy were 
identifi ed during subsequent visits with Bob and 
his brother.   

    Case Example No. 2: Remembering 
Important Information, such as 
Details About Upcoming Events 
and Appointments 

 Bill was a 56-year-old, married male who sus-
tained a moderate TBI as a result of a fall from a 
ladder. At the time of the initial clinical encoun-
ter, Bill was 3 months post-injury and very eager 
to go back to work. Bill was a successful regional 
salesperson for a major company and was wor-
ried about losing his customers in an extremely 
competitive market. By 3 months post-injury, 
Bill’s recovery had progressed quickly and the 
rehabilitation team had begun to discuss his 
return-to-work plan. One of the biggest chal-
lenges for Bill to cope with when he returned to 
work was going to be defi cits in his short-term 
memory that had been observed functionally and 
on neuropsychological testing. Bill often forgot 
details about upcoming events and times of 
appointments and meetings. As part of Bill’s job, 
he would need to remember times and dates of 
meetings with customers, specifi cs about their 
needs as customers, and information about past 
and future orders. The goal of treatment with Bill 
was to help him learn a compensation strategy for 
remembering important information. 

    Information Gathering 
 In-depth information was fi rst needed in order to 
fi gure out how to best intervene on Bill’s diffi -
culty with remembering important information. 
Questions, like those shown below in Table  3 , 
were asked of Bill during his fi rst session:

   Bill reported that he frequently forgot details 
about the date and time of a meeting and/or 
appointment, questions he wanted to ask at meet-
ings, and some of the answers to his questions. 
Bill noticed that he forgot important information 
when attending medical appointments on his own 
and meeting with the Human Resources (HR) 
Department at his job regarding his return to 

work. He would become aware that he forgot 
about an appointment or important information 
when his wife asked him about how a meeting 
went or about paperwork that he needed to com-
plete. Bill would then become embarrassed when 
he needed to reschedule an appointment or 
request additional information. He felt he had a 
“really good memory” before his accident and 
did not need to write down information in order 
for him to remember it. Prior to injury, he often 
took phone calls while driving to appointments 
with customers and was able to remember infor-
mation that was discussed. He felt like he had 
been successful in his work because he could 
remember a great deal of information in his head. 

 Bill had been given a memory notebook 
during his inpatient hospitalization, but when 
working with the outpatient rehabilitation 
team, Bill expressed doubts and concerns about 
using it. Bill wanted to use his Blackberry to 
help him to remember important information. 
He felt that the memory notebook he was given 
was too cumbersome to carry around, and the 
sections in it did not meet his needs. He felt 
that using a Blackberry would demonstrate that 
he is “current with the times.” He already had 
to carry a Blackberry as his cell phone for work 
and was able to sync it with his computer to 
prevent loss of the information should he lose 
the phone. The Blackberry had text messaging, 
reminder, and note-taking features. Bill did not 
remember where he stored the manual for his 
Blackberry, but felt that he had a decent amount 
of knowledge about its features, and a close 
friend of his could serve as a resource for 
Blackberry-related questions. 

 Prior to injury, Bill was not “using his 
Blackberry to its full potential,” as he did not 
make use of its many features, but he recently 
entered appointments into the calendar on his 
phone. While his entry of his appointments was 
accurate, he still missed appointments because 
Bill preferred to keep his pants pockets empty 
and often left his Blackberry on the dresser in his 
bedroom when he was home. If Bill was not in 
his bedroom when the alarm sounded on his 
Blackberry, he did not hear it and missed the 
appointment. He tended to only check the calendar 

Rehabilitation of Memory Problems Associated with Traumatic Brain Injury



186

on his phone in the morning, so he would fre-
quently forget appointments that occurred later in 
the day. 

 Bill had a very supportive wife, who had been 
frequently involved in his treatment; however, a 
recent increase in her demands at work had 
resulted in her being less able to attend treatment 
sessions with Bill. She requested that the treat-
ment team call her with updates and suggestions 
for helping Bill. Bill was reluctant to involve any 
coworkers in his treatment. He feared that his 
employer and colleagues would second-guess his 
abilities and readiness to return. He expressed 

willingness to revisit the issue of involving 
coworkers if he could not improve his perfor-
mance independently, with use of compensatory 
memory strategies.  

    Strategy Development 
 The treatment team felt that he could benefi t from 
learning a strategy that could be applied in mul-
tiple situations. Based on Bill’s initial compensa-
tion attempts and his clear preference to utilize 
his Blackberry, the team agreed to focus on using 
his Blackberry instead of his memory notebook 
to help him to remember important information. 

   Table 3    Information gathering for Case No. 2   

  Specifi cs about the memory activities and problems  
 • What type of information does Bill typically forget? 
 • Are there particular situations or settings in which Bill is more likely to forget important information? 
 • How does Bill identify when he has forgotten information? 
 • How often does forgetting information create a problem for Bill? 
  Previous compensation efforts  
 • What, if any, previous compensation efforts have been tried by Bill to help him remember important information? 
   – Does Bill think that his previous compensation efforts have been helpful? Why or why not? 
   – What elements of previous compensation, if any, would he like to incorporate into the new strategy? 
 • Did Bill use strategies to help with his memory before injury? If yes, what were the strategies and what were they 

used for? 
  Reactions to potential compensation strategies  
 • Would Bill prefer to use an electronic device or paper-and-pencil-based tools to help him remember important 

information? 
   –  If he has an electronic device preference, what are Bill’s views on using a cell phone, digital voice recorder, or 

computer to help him to remember important information? 
   –  If he has a paper-and-pencil preference, what are his views on having reminders posted on the walls of his 

home or offi ce to help him to remember important information? 
 • Is Bill willing to involve family members and/or coworkers in helping him to learn a compensation strategy? 
  Available resources  
 • Does Bill have a cell phone? 
   – Does his phone have a text messaging or reminder feature? 
   –  Does he have access to an internet program that would allow him to send reminder text messages to his phone? 
   – Does he use the phone for taking notes or recording personal information? 
   –  Does he have access to the manual for his phone or access to someone who can help him learn to use the 

different features that could be used to compensate for memory problems? 
 • Does Bill have a digital voice recorder? 
 • Does Bill have a computer? 
 • Does Bill have a paper-and-pencil-based planner? 
 • Is Bill willing to buy any of the above resources? 
  Family member/caregiver support  
 • Are any members of Bill’s family willing to be involved in helping him to learn how to compensate for his memory 

diffi culties? 
 • Are Bill’s supervisors and coworkers open to being involved in helping him to learn how to compensate for his 

memory diffi culties? 
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Based on the initial information gathered, it 
appeared that Bill had two main types of infor-
mation to remember—appointments and infor-
mation that related to his appointments. As a 
starting point, Bill made a list of all of the times 
and dates of standing customer appointments. 
After the list was fi nished, he went back through 
the list and noted the information that he would 
need to ask at each of the various appointments. 
Bill then entered each appointment into his cal-
endar on his Blackberry. His calendar had a fea-
ture where he could include information in a 
“notes section” for each appointment. In that 
space he entered the questions that he needed to 
ask during the appointment. Bill felt comfortable 
with how he had programmed his Blackberry, but 
agreed to go over what he had done with his 
friend to see if he had done it correctly or if there 
was an easier or better way to do it. 

 We identifi ed that Bill would review the notes 
for an appointment once he parked his car at the 
appointment, just prior to the start of the appoint-
ment, and at the conclusion of the appointment, 
to ensure that he had covered all of his questions. 
Bill would also keep his Blackberry readily avail-
able to him during the appointment, so that he 
could make notes about the question’s response 
in the same calendar entry and enter in new 
appointments if needed. We also decided that Bill 
should program a reminder alarm to ring on his 
phone every hour to prompt him to review his 
calendar, as checking his calendar only once a 
day had previously caused problems. Upon hear-
ing the reminder alarm, Bill would review his 
calendar for the day. In the evening, he would 
review the calendar for the subsequent morning 
so that he would have time to do any necessary 
preparation work. Bill also agreed to buy a hol-
ster, so that he could keep the Blackberry on the 
waistline of his pants.  

    Teaching of Strategy and Assignment 
of Practice 
 Bill fi rst practiced responding to the hourly alarm 
reminder to check his calendar. In response to a 
simulated alarm sound, the therapist talked Bill 
through picking up his phone, scrolling through 
his calendar, and then returning his phone to the 

holster on the waistline of his pants. She posi-
tively reinforced Bill as he adeptly demonstrated 
this strategy. To practice using his Blackberry 
during an appointment, they role-played how he 
would use the Blackberry for a doctor’s appoint-
ment on the subsequent day. First, the therapist 
modeled how to review the questions he had for 
the appointment, while in his car. She stated, “I 
just parked my car and I am now going to take out 
my Blackberry and refresh my memory of the 
questions that I want to ask the doctor. Let’s see, 
my appointment is at 3 pm, oh here is the entry 
and in the notes Section I see that I wanted to ask 
about my test results and my blood pressure read-
ing during my last appointment. Now that I am 
done reviewing my notes, I am going to put my 
phone back in its holster.” The therapist then said, 
“Okay, I am now in the waiting room of the doc-
tor’s offi ce and I am going to review my notes for 
this appointment again,” and modeled taking the 
Blackberry off of its holster, scrolling through the 
entry and muttering information to herself. Next, 
the therapist said, “Now Bill, let’s assume the 
visit is over and I asked my questions, but I need 
to review my notes for this appointment one last 
time before I leave the doctor’s offi ce, so that I 
am sure I got the information I needed.” The ther-
apist then removed the Blackberry from its hol-
ster once again and modeled using it. She then 
said, “One more step we should practice together 
would be to enter in a new appointment. So let’s 
assume I need to stop by the front desk of the 
doctor’s offi ce on my way out and schedule my 
next appointment.” She then demonstrated asking 
about a follow-up appointment and entering that 
information into the Blackberry. Following the 
therapist modeling of the entire strategy, she 
guided Bill through that same role-play and pro-
vided positive reinforcement as he profi ciently 
went through it. 

 The real-world practice assigned to Bill would 
be to frequently review his calendar according to 
the hourly reminder alarms. At the time of train-
ing, he did not have appointments on a daily 
basis, as he had not returned to work yet. Bill 
agreed that daily practice of the memory com-
pensation strategy was necessary in order for him 
to be comfortable with it prior to returning to 
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work. Role-play scenarios were established, 
which could be used on the days when he did not 
have an appointment. Bill entered these role-play 
scenarios into his Blackberry before leaving the 
therapist’s offi ce at the conclusion of his appoint-
ment. At the end of the session, Bill and the ther-
apist called his wife to review the strategy that 
had been developed, as well as the plan for daily 
practice. She expressed understanding of the 
strategy and intent to help Bill practice.  

    Strategy Follow-up 
 During Bill’s next appointment, he reported that 
he had no diffi culties practicing using his 
Blackberry to remember important information, 
but he had thought of a situation in which using 
his Blackberry would be diffi cult—receiving a 
call from a customer while driving. As previously 
mentioned, prior to injury, Bill would take calls 
from customers while driving and remember the 
information that was discussed. Bill recognized 
that if he took the call while driving, he probably 
would not remember all of the information that 
was discussed unless he took notes in his 
Blackberry. This would be unsafe to do while 
driving. The therapist guided Bill in discussing 
the pros and cons of letting his phone go to voice-
mail while driving. He decided to let his phone 
go to voicemail and then check his voicemail 
once safely parked. At that time, he would imme-
diately enter the important information into his 
Blackberry and/or return the phone call. This 
sequence of actions was then role-played to 
solidify it for Bill.    

    Summary 

 Everyday memory problems are frequent follow-
ing TBI, particularly in the areas of learning new 
information and prospective memory. Training in 
compensatory memory strategies is a practice 
standard for persons with mild memory impair-
ment due to TBI, and use of external strategies, 
with direct application to functional activities, is a 
practice guideline for people with severe memory 
defi cits after TBI. A systematic, yet individual-
ized approach to training persons with TBI to use 

compensatory memory strategies is most likely to 
be successful for improving everyday memory 
functioning. Engagement of the person with TBI 
and a family member or caregiver in the process 
of choosing, developing, and implementing mem-
ory strategies helps to increase generalizability to 
real-world settings. When possible, training 
should be conducted within the real- world setting 
where it will be used (e.g., home or community). 
Accounting for individual needs, resources, and 
preferences, and providing follow- up support for 
strategy usage, is most likely to ensure success.     
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    Abstract  

  Disturbances of executive functions, including the executive control of 
attention, are recognized as among the most common, persistent, and 
debilitating consequences of traumatic brain injury (TBI) [1–6]. This 
chapter focuses on the application of empirically supported strategies for 
managing impairments of higher level attention and executive functions 
following TBI. We recognize that the clinical neuropsychology and cogni-
tive rehabilitation literatures have typically considered attention and exec-
utive functions in relative isolation. However, there is considerable overlap 
and interdependence in the structure and function of higher-level aspects 
of attention and executive functions. Throughout the chapter, we use the 
term “attention- executive functions” to refer to executive functions (e.g., 
anticipating consequences, planning and organizing, initiating and sus-
taining activities) as well as skills associated with the executive control of 
attention (also referred to as supervisory, complex, or higher- level atten-
tion). Skills associated with executive control of attention include the abil-
ity to sustain attention in the face of distractions (selective attention), 
switch focus or mental sets (alternating attention), or manipulate and con-
trol information held online (working memory). The processes involving 
attention- executive functions are distributed throughout the frontal regions 
and connect with other frontal, posterior, and subcortical areas to exert 
executive (i.e., top-down) control over lower level, more modular, or auto-
matic functions [7, 8]. The frontal lobes and interconnecting circuits are 
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particularly vulnerable to focal and diffuse damage in TBI, which accounts 
for the frequency of defi cits involving attention-executive functions in this 
population. Given the overlap in the structure and function of attention-
executive processes, interventions targeting these processes are also inti-
mately related. 

 The chapter begins with a review of attention- executive functions. We 
also provide a brief overview of recent empirically driven models of fron-
tal lobe functioning, particularly as these frameworks relate to the concep-
tualization and remediation of attention-executive defi cits following TBI. 
Next, we describe the nature of attention- executive functioning impair-
ments and illustrate how associated impairments can manifest in individu-
als’ everyday lives. This is followed by a review of interventions for 
attention- executive functioning, including empirical evidence that has 
culminated in recommendations for clinical practice. The remainder of 
the chapter is devoted to describing the application of metacognitive train-
ing, a class of interventions that have demonstrated empirical evidence of 
effi cacy in ameliorating attention-executive impairments [9–12]. Based 
on our clinical experiences and judgments, we will emphasize key compo-
nents of the described therapies with the intent of providing a greater 
understanding of the theory and application of metacognitive strategy 
training in the context of brain injury rehabilitation.  

  Keywords  

  Attention   •   Executive function   •   Frontal lobe   •   Brain injury   •   Cognition   
•   Rehabilitation  

        Overview of Attention-Executive 
Functions 

 The term “executive functioning” is used tradi-
tionally to refer to a set of integrated higher-order 
processes that determine goal-directed and pur-
poseful behavior. By supervising and coordinat-
ing underlying cognitive, behavioral, and 
emotional processes, executive functions allow 
the orderly execution of daily life activities. 
Executive functions include the ability to formu-
late goals, solve problems, anticipate the conse-
quences of actions, plan and organize behavior, 
initiate relevant behaviors, inhibit irrelevant 
behaviors, and monitor and adapt behavior to fi t 
a particular task or context [ 9 ]. Higher-level 
attentional processes responsible for allocating 

attention across more than one task, actively 
shifting attention between tasks, and selectively 
sustaining attention while inhibiting irrelevant 
information, also fall within the broad rubric of 
executive functioning [ 13 ,  14 ]. Working memory, 
defi ned as a process that allows the short-term 
storage, maintenance, and manipulation of infor-
mation [ 15 ], is also intimately related to attention- 
executive functioning. The “executive” aspect of 
working memory is the ability to actively manip-
ulate and control transitory information in the 
mind [ 16 ]. 

 Attention-executive functions are also related 
to emotional and behavioral self-regulation, and 
metacognitive processes [ 14 ,  17 ]. Metacognition, 
or simply thinking about thinking, is a set of 
 processes that involves  metacognitive knowledge 
or beliefs ,  self - monitoring , and  self - control  that 
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work together to enable self-regulation [ 12 ,  18 ]. 
Metacognitive knowledge is the moment- to- 
moment and more stable beliefs about one’s cog-
nitive abilities. The ability to self-monitor one’s 
performance and use the resulting internal feed-
back to adapt to changes in the environment or 
task demands (a process labeled self-control) is 
also an integral aspect of metacognition. There is 
some debate as to whether metacognition is in 
fact a core “executive” function or rather refl ects 
a distinct superordinate process at the highest 
level of the cognitive system [ 12 ,  18 ]. 
Nonetheless, there seems to be general consensus 
that metacognitive self-regulatory skills are 
mediated by the frontal lobes, are frequently dis-
rupted following traumatic brain injury (TBI), 
and are critical to the execution of self-directed 
complex behaviors [ 12 ,  14 ,  17 – 25 ].  

    Models of Attention-Executive 
Functioning Impairments 
Following TBI 

 Recent developments in cognitive neuroscience, 
aided by advances in brain imaging methodolo-
gies (e.g., diffusion-tensor imaging–DTI; func-
tional magnetic resonance imaging–fMRI), have 
led to number of new empirically driven, theo-
retical perspectives of attention-executive func-
tioning. We will briefl y review these perspectives 
with an emphasis on their relevance to the nature 
and rehabilitation of attention-executive impair-
ments following TBI. 

 Posner and Peterson [ 26 ] have described an 
approach to understanding attention-executive 
processes based on principles of large-scale dis-
tributed neural networks [ 27 ]. Cognitive- 
neuropsychological and neuroimaging studies 
have identifi ed distinct attentional networks for 
alerting, orienting, and executive control [ 26 , 
 28 – 30 ]. The alerting attention network, which is 
characterized by reciprocal connections between 
right frontal and parietal regions, involves the 
ability to reach and sustain preparedness for 
potential stimuli [ 31 ]. The orienting attention 
network includes the superior and inferior parietal 

lobes, frontal eye fi elds, superior colliculus, and the 
pulvinar and reticular thalamic nuclei, and involves 
the ability to make covert shifts in attention [ 31 ]. 
The executive attention network involves the ante-
rior cingulate, medial frontal cortex, and lateral 
 prefrontal cortex, and underlies the capacity to use 
relevant information, ignore irrelevant information, 
and resolve confl icts among competing sources of 
information [ 31 ]. It is worth noting that the capacity 
for confl ict resolution is a developmental process, 
which in early life evolves from the need for resolu-
tion (or delay) of emotional needs [ 32 ]. 

 Niogi and colleagues [ 33 ] examined the oper-
ations of these attention networks in relation to 
structural connectivity of white matter tracts. 
They demonstrated distinct and separable rela-
tionships between attention components and 
structural connectivity, providing evidence of 
discrete networks. Alerting was related to the 
posterior limb of the internal capsule, which con-
tains thalamic-parietal connections. Orienting 
was related to the splenium of the corpus callo-
sum containing interhemispheric tracts connect-
ing regions including the frontal eye fi elds and 
posterior parietal regions. The executive-confl ict 
effect correlated with structural integrity of the 
anterior cingulate region, as expected. Niogi and 
colleagues also demonstrated an association 
between decreased performance of the executive 
network after TBI and reduced fractional anisot-
ropy within the anterior corona radiata, including 
projections to the anterior cingulate gyrus [ 34 ]. 

 The initial investigations of attentional net-
works were directed at establishing the effi ciency 
and independence of functions involving alert-
ing, orienting, and executive attention [ 35 ]. More 
recently, investigations have demonstrated con-
sistent interactions among attention networks 
[ 36 ]. For example, the alerting and orienting 
 system will typically operate together in real-
world situations where a single event indicates 
both when and where a relevant stimulus occurs 
[ 30 ], suggesting that both of these networks serve 
a more general preparatory function [ 37 ]. 

 This anticipatory function is likely a general, 
integral feature of higher cognitive processing, 
especially attention-executive processes [ 38 ]. 
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Ghajar and Ivry [ 39 ] have described an anticipa-
tory neural network involving the prefrontal- 
inferior parietal areas that provides a feed-forward 
mechanism that reduces performance variability 
by generating a “predictive brain state.” This 
framework suggests that through the generation 
of moment-to-moment predictions about the 
immediate future, and the comparison of these 
predictions with sensory feedback, individuals 
will be less distracted by irrelevant information 
which will facilitate goal-oriented behavior. 
Disruption of this network may represent a fun-
damental defect after TBI resulting in a variety of 
defi cits, including impairments of sustained 
attention, poor self-monitoring of errors, and loss 
of goal-directed behavior. 

 The interaction among various aspects of 
attention and executive functioning has also been 
related to three distinct, separable anterior atten-
tional systems by Stuss and his colleagues [ 40 ]. 
One attentional system maintains a general state 
of readiness to respond, mediated primarily by 
superior medical frontal structures. A second 
attentional system serves primarily to bias atten-
tion toward specifi c criteria that guide respon-
siveness. Dysfunction of these processes, 
associated with damage to the left dorsolateral 
prefrontal cortex, is related to defi cits of task ini-
tiation and setting of response criteria. The third 
attentional system maintains the criteria for 
response selection, so that relevant aspects of the 
environment are consistently selected and 
responses to competing or irrelevant targets are 
inhibited. Dysfunction in this network, associ-
ated with damage to right dorsolateral frontal 
cortex, produces defi cits in sustaining attention to 
criteria and confl ict resolution. This characteriza-
tion of an anterior attentional system has signifi cant 
correspondence with the attentional networks 
described by Posner and Peterson [ 26 ,  41 ]; speci-
fi cally, an attentional network devoted to main-
taining alertness or readiness to respond, a second 
network related to orienting and setting criteria to 
respond, and a third network related to “execu-
tive” attentional processes of response selection 
and confl ict resolution. 

 Peterson and Posner [ 41 ] more recently noted 
the evidence supporting two brain systems related 

to the orienting network, through an interaction 
of endogenous and exogenous stimulus control 
[ 42 ]. Corbetta and Shulman described segregated 
networks corresponding to top-down and 
stimulus- driven regulation of attention, related to 
dorsal and ventral frontal-parietal connections, 
respectively [ 42 ]. While initially related to spe-
cifi c aspects of visual attention, more recent evi-
dence suggests that these networks are related to 
more general, dynamic roles of reorienting 
between internally directed activity and attention 
to the environment [ 37 ]. They also noted that the 
orienting function is not restricted to visual infor-
mation and overlaps with information from other 
sensory modalities. The operations of the execu-
tive network have also been elaborated, with evi-
dence of dual networks involved in top-down 
cognitive control [ 43 ,  44 ]. The fi rst executive 
system involves a fronto-parietal network, dis-
tinct from the orienting network, that serves pri-
marily to adapt control over performance by 
maintaining a stable response set (including the 
maintenance and prioritization of information in 
working memory), while a network related to the 
cingular-opecular connectivity (consistent with 
the original executive network) provides moment 
to moment control over performance, perhaps by 
providing a continuously updated account of pre-
dicted demands on cognitive resources [ 45 ,  46 ]. 

 Stuss has also described a “revamped atten-
tional model” of executive functions, based on 
the fractionation of frontal lobe regions corre-
sponding to fundamental cognitive operations 
[ 8 ]. Three of these proposed processes and their 
anatomic relations correspond to the earlier for-
mulation of an anterior attentional system [ 8 ,  40 ]. 
Within this new framework, damage to the supe-
rior medial frontal lobes is associated with 
decreased performance on a range of (apparently 
dissimilar) tasks due to a failure of  “energization,” 
or the initiation and sustaining of any response. 
For example, superior medial damage might 
manifest as slow response on speeded tasks. Two 
aspects of “executive functioning” are related to 
the dorsolateral frontal cortices (DFC), as in the 
earlier model. Damage to the left DFC is related 
to initial task setting and goal orientation, while 
damage to the right DFC suggests poor monitoring 
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of ongoing performance, defi cits in sustained 
attention, and increased intra- individual variabil-
ity. These three attentional networks can be fur-
ther defi ned by their connections with other areas 
of the brain. The fi rst is a ventral system involv-
ing orbitofrontal cortex and limbic structures 
related to emotional and behavioral regulation. 
The second is a rostral and lateral system with 
bidirectional connections between prefrontal cor-
tex and posterior cortices related to “metacogni-
tive” processes (i.e., the ability to self-monitor 
and self-regulate), including shifting between 
attention directed at the environment and internal 
trains of thought [ 47 ,  48 ]. Stuss and colleagues 
propose that metacognitive functions—posi-
tioned at the highest level of the cognitive sys-
tem—coordinate the integration of 
attention-executive cognitive information with 
emotional and motivational processes, which 
ultimately guides and enables complex, purpose-
ful behavior [ 8 ,  49 ]. The distinction between a 
more dorsal fronto-cingular-parietal pathway 
associated with more deliberate, slow-to-respond, 
volitional behavior and a ventral pathway that is 
more reactive (to either environmental stimuli or 
basic emotional states) and associated with 
quicker-to-respond, automatic behaviors may be 
another general principle of the brain’s organiza-
tion of complex attention-executive functions 
[ 50 ]. This dissociation is also central to dual- 
process approaches to cognitive-affective control 
[ 51 – 54 ] and provides a framework for metacog-
nitive strategy training methods for affective and 
behavioral self-regulation [ 55 ,  56 ]. 

 These empirically supported models suggest 
that the dissolution and restoration of cognitive 
functioning after TBI may be informed through 
an understanding of the effi ciency and interaction 
of attention-executive networks, although this 
approach has to date had limited infl uence on our 
understanding of cognitive recovery or the devel-
opment of rehabilitation interventions. Several 
authors have argued that these models have 
important implications for the rehabilitation of 
attention-executive impairments [ 14 ,  57 ]. 
Metacognitive processes are critical to the ability 
to use internal goals and desires to direct ones’ 
thoughts and behaviors. Thus, metacognitive 

training, characterized by interventions to foster 
anticipation and planning, response monitoring, 
and self-evaluation, may be particularly benefi -
cial in reestablishing top-down control over 
attention-executive cognitive, emotional, and 
behavioral functioning [ 9 – 12 ,  51 ,  57 ,  58 ]. Recent 
applications of metacognitive interventions have 
also emphasized the importance of addressing 
not only attention-executive cognitive functions, 
but also emotional/motivational, and behavioral 
functions, as these processes are anatomically 
and functionally related in the execution of com-
plex, real-world behaviors [ 59 – 61 ].  

    The Nature of Attention-Executive 
Impairments Following TBI 

 Defi cits involving self-directed attention and 
executive cognitive functioning, behavioral and 
emotional regulation, and metacognitive func-
tioning are interrelated and commonly impaired 
following TBI. 

    Attention-Executive Cognitive 
Impairments 

 Impairments of task setting and response prepa-
ration can be associated with problems anticipat-
ing errors, analyzing situations, planning and 
executing solutions, and maintaining a fl exible or 
pragmatic approach to tasks—all of which are 
common after TBI. Impairments in attention- 
executive function can impact memory through 
poor initial encoding and organization, or due to 
a failure to discriminate relevant from irrelevant 
(or current from past) information. These defi cits 
are often expressed as a vulnerability to interfer-
ence or false positive errors (or in extreme cases, 
confabulation). It is important to distinguish 
these “memory” problems due to breakdown in 
the attention-executive from a primary amnestic 
disturbance. Disturbances in task monitoring can 
result in diffi culty sustaining attention, character-
ized by an increase in all types of errors as well as 
reduced awareness of errors. In addition, indi-
viduals with TBI often complain of being easily 
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distracted, being unable to return to a task after 
distraction, problems “shifting gears” or switch-
ing back and forth between tasks, and problems 
doing more than one thing at a time. These prob-
lems are often most apparent under conditions of 
increased cognitive load or complexity, such as 
responding to rapid, externally paced informa-
tion or responding to multiple simultaneous task 
demands. Problems with sustained attention may 
appear as momentary lapses of attention (“mind- 
wandering”) or as increased performance vari-
ability due to less effective allocation of attention 
resources and goal-maintenance during task 
demands, with some evidence that these types of 
attentional diffi culties refl ect different attentional 
networks [ 62 ].  

    Impairments of Emotional and 
Behavioral Regulation 

 In the emotional realm, TBI-related dysfunction 
can result from damage to those areas of the brain 
that are responsible for inhibiting the limbic sys-
tem and the direct expression of emotions. This 
can result in a loss or decrease in the ability to 
regulate or control one’s emotions. This “release” 
of emotional expression is often manifested as 
emotional lability or pathologic affect. Emotional 
dysregulation after brain injury is characterized by 
precipitous onset and rapid dissipation (both 
refl ecting the absence of cognitive mediation of 
affective responding). This can cause a person to 
feel more extreme or quickly alternate between 
emotional highs and lows, or to become over-
whelmed when expressing emotions. These defi -
cits stem from underlying brain dysfunction, 
which distinguishes them from those reactions that 
refl ect a purely emotional reaction to perceived 
impairment that could be expected in many people 
without brain dysfunction, such as grief, sadness, 
anxiety, or frustration. Moreover, the nature of the 
underlying brain dysfunction distinguishes these 
emotional reactions from those seen secondary to 
mental illness and psychiatric disorders. 

 Behaviorally, persons with TBI often fail to 
think before they act and show corresponding 
impulsivity, disinhibition, hyperverbosity, poor 

emotional control, distractibility, and cognitive 
infl exibility. These “positive” symptoms are indi-
cations of behavior that is stimulus-bound or 
overly determined by the environment. This can 
lead to behaviors that are rigid, impulsive, and 
poorly thought out. Although these excessive 
thoughts, behaviors, and emotions are common, 
problems can also manifest as more “negative” 
symptoms that appear to be the opposite of “posi-
tive” symptoms. Negative symptoms can include 
diffi culty initiating tasks, low drive or motiva-
tion, apathy, impersistence, or a spontaneity—a 
constellation of symptoms that sometimes is 
referred to as adynamia [ 56 ]. 

 It is also important to note that individuals with 
TBI who exhibit problems with emotional and/or 
behavioral regulation often perform within nor-
mal limits on neuropsychological measures of 
attention-executive functioning, but exhibit sig-
nifi cant attention-executive problems in their 
everyday lives [ 63 ]. One reason for this is that 
neuropsychological assessments are administered 
in highly controlled environments and involve at 
least some structured task instruction, whereas 
attention-executive defi cits are most apparent in 
novel, unstructured, or ambiguous situations that 
are characteristic of real-life functioning.  

    Metacognitive Impairments 

 Defi cits involving metacognitive self-regulatory 
skills can contribute to a host of cognitive, behav-
ioral, and emotional problems that impair inter-
nally driven goal-directed behavior. Cognitively, 
people with TBI may have problems monitoring 
their own thoughts, and therefore lack the inter-
nal feedback that is necessary to regulate and 
guide self-directed behavior. For example, indi-
viduals may have problems identifying relevant 
goals and maintaining progress towards complet-
ing goals. Other people may appear to persist 
with a certain strategy even though it is not work-
ing. This may be due to a failure in recognizing 
the need to adjust an unproductive approach (i.e., 
poor self-monitoring) or because of diffi culties 
altering thinking or behavior in response to 
changing task or environmental demands (poor 
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self-control). Metacognitive defi cits involving an 
inability to accurately predict and evaluate one’s 
performance on a given task can manifest as inac-
curate self-appraisals of cognitive abilities, an 
inability to set realistic goals, or unwillingness to 
accept feedback from others. Moreover, an 
inability to accurately predict and evaluate one’s 
performance on a given task can contribute to 
poor self-effi cacy as well as reduced motivation 
and persistence in the face of challenging tasks. 
Defi cits in self-regulating behaviors and emo-
tions can be refl ected in the co-occurrence of 
“positive” symptoms (e.g., impulsivity, disinhibi-
tion, distractibility, poor emotional control) and 
“negative” symptoms (e.g., diffi culty initiating 
tasks, low drive or motivation) in the same indi-
vidual [ 56 ]. For example, when a person with 
metacognitive defi cits lacks external stimulation, 
a lack of self-regulatory control can manifest as 
symptoms of low motivation, apathy, and a fail-
ure to engage in internally driven, goal-directed 
behaviors. However, when the same individual is 
externally stimulated, a lack of self-regulatory 
control and the concomitant release of lower 
level more automatic behaviors can manifest as 
symptoms of impulsivity, disinhibition, emo-
tional lability, and infl exibility [ 56 ].  

    Real-World and Clinical Implications 

 Taken together, attention-executive impairments 
can have far-reaching consequences for the person 
with injury and their family members. These defi -
cits can pose signifi cant barriers to a person’s abil-
ity to perform functional activities in everyday life 
(e.g., preparing meals, managing money, using 
transportation) and live independently [ 64 – 67 ]. 
Attention-executive dysfunction can also compro-
mise full participation across a number of mean-
ingful life situations, including the ability to work, 
attend school, manage home responsibilities, and 
engage in social/leisure activities [ 66 – 68 ]. 

 The presence of attention-executive impair-
ments also presents a signifi cant challenge to the 
rehabilitation process. They can undermine the 
acquisition and application of compensatory 
strategies for other cognitive impairments (e.g., 

memory notebook training). Furthermore, 
attention- executive dysfunction in particular may 
limit the extent to which a patient is able to exe-
cute compensatory strategies for other cognitive 
impairments independently [ 69 ], particularly in 
novel situations or environments [ 70 ]. Thus, 
attention-executive dysfunction can interfere 
with the success and generalization of treatments 
for other acquired cognitive defi cits. Clearly, 
there is a strong case for rehabilitation interven-
tions aimed at improving attention-executive 
functions for persons with TBI.   

    Interventions for 
Attention- Executive Impairments 

 Two primary approaches to intervention have 
been investigated in the remediation of attention- 
executive defi cits in person with TBI: direct train-
ing and metacognitive training. Consistent with 
the overall goals of cognitive rehabilitation, both 
approaches are directed at effecting cognitive 
change with the ultimate goal of improving 
patients’ functioning in meaningful contexts, 
including functional activities, participation, and 
quality of life [ 9 – 11 ]. However, direct training 
and metacognitive training interventions differ 
with regard to the theoretical approach to treat-
ment; the proposed mechanism of action; and the 
emphasis and delivery of treatment activities. In 
this section, we will review the rational, evidence- 
based literature, and clinical recommendations for 
direct training and metacognitive training inter-
ventions. Because most widely used direct train-
ing interventions involve commercially available 
software and treatment programs that are not in 
the public domain, we will not describe the spe-
cifi c application of this type of approach. Readers 
should consult the research studies referenced in 
this chapter for further information regarding pro-
prietary treatment programs/materials. 

    Direct Training Interventions 

 Direct training (also referred to as process- 
specifi c training, cognitive remediation, restitu-
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tion training, or restorative approaches) refers to 
a broad class of bottom-up interventions that aim 
to directly restore specifi c attention-executive 
processes. This type of intervention is based on 
the assumption that attention-executive processes 
can be isolated (e.g., working memory, selective 
attention, divided attention) and selectively dam-
aged. By activating and stimulating discrete 
attention-executive processes through a stimulus 
drill approach, training is hypothesized to result 
in direct improvement of the selectively targeted 
attention-executive functions [ 58 ,  71 – 73 ]. In 
turn, it is predicted that patients will demonstrate 
improvements on untrained tasks that also involve 
the “trained” or targeted cognitive function, and 
ultimately, in their everyday life activities. 

 Training activities typically involve computer-
ized or paper or pencil administration of repeti-
tive drills or exercises (e.g., detecting targets in 
the presence of distracters, sorting words in 
alphabetical order) that are presented in a hierar-
chical manner so that tasks become increasingly 
diffi cult and remain challenging as patients dem-
onstrate improvement [ 73 ]. Some direct training 
interventions target an individual skill, such as 
working memory or divided attention [ 74 – 79 ], 
while other interventions are more comprehen-
sive and offer stand-alone exercises that target a 
range of attention-executive skills [ 75 ,  80 ]. For 
example, the Attention Process Training (APT), a 
commercially available program developed by 
Sohlberg and Mateer [ 81 ], is based on the author’s 
clinical model of attention and includes exercises 
for fi ve different types of attention that may be 
impaired following TBI: focused, sustained, 
selective, alternating, and divided. 

 The evidence-based literature is generally sup-
portive of direct training interventions, with the 
caveat that this approach should be used in con-
junction with metacognitive training [ 9 – 11 ,  58 ], 
which is detailed in the following section of this 
chapter. As we have discussed previously, defi cits 
in metacognitive self-regulatory skills, including 
the ability to monitor and control one’s thoughts 
and behaviors, are common after TBI. From a 
theoretical perspective, incorporating metacogni-
tive training (e.g., feedback, self- monitoring, 
strategy training) should enhance the potential 

benefi t of direct training by teaching individuals 
strategies to regulate their own thoughts and 
behaviors that can be applied outside the labora-
tory or clinical setting. Given the decontextual-
ized nature of direct training (i.e., completing 
abstract exercises in the absence of meaningful 
contexts), metacognitive training that incorpo-
rates extensive practice in applying strategies in 
multiple real-world contexts is also critical to 
transfer and generalization of acquired skills. 
Research also supports the importance of combin-
ing direct attention training with metacognitive 
strategy training [ 58 ,  82 ,  83 ]. For instance, fi nd-
ings from a systematic review of the TBI direct 
attention training literature suggested that the 
most robust improvements following treatment 
were observed in studies that also included train-
ing in metacognitive strategies [ 58 ]. These recom-
mendations have been echoed by Cicerone and 
colleagues who have emphasized that clinicians 
who use a direct training approach should use it in 
conjunction with a metacognitive training to pro-
mote the acquisition of specifi c compensatory 
strategies that can be applied in meaningful real-
world situations [ 9 – 11 ]. As an example, the most 
recent version of the Attention Process Training 
program (APT-3) [ 84 ] also involves metacogni-
tive self-regulation training as a critical compo-
nent of treatment; however, it is important to note 
that the effi cacy of APT-3 for persons with TBI 
has yet to be determined. 

 Due to advances in our understanding of neu-
roplasticity—that is, the ability of the nervous 
system to respond to internal and external stimuli 
by reorganizing its structure, functions, and 
 connections, as well an increased emphasis on 
research that translates neuroplasticity research 
into clinical practice [ 85 ], a growing literature 
has investigated the effi cacy of automated, com-
puterized direct training programs to improve 
working memory in patients with brain injury 
[ 75 ,  76 ,  78 ,  79 ]. These studies have made explicit 
claims to be rooted in the mechanics and poten-
tial of neuroplastic changes in the brain [ 59 ]. In a 
seemingly opposite direction from the evidence- 
based clinical practice recommendations set forth 
by the Cognitive Rehabilitation Task Force of the 
American Congress of Rehabilitation Medicine 
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(ACRM) Brain Injury-Interdisciplinary Special 
Interest Group (BI-ISIG) [ 9 – 11 ], this type of 
intervention has minimal therapist involvement, 
as well as no instruction related to strategies or 
application to real-world activities. Rather, these 
“neuroplasticity-based interventions” are based 
on the premise that direct training alone has the 
potential to “lead to a less diffuse pattern of corti-
cal activity or redistribution of neural activities 
within the network areas,” [ 75 ] which in turn will 
contribute to restoration of targeted attention- 
executive functions. However, it is important to 
note that many of the demands that are inherent 
in “neuroplasticity-based” computerized cogni-
tive training are also critical aspects of therapist- 
directed interventions: active engagement in the 
treatment process, attention to the relevant 
aspects of the treatment situation, ongoing provi-
sion of feedback, adaptive adjustment of task dif-
fi culty based on prior performance, and a planned 
progression of treatment demands. 

 Similar to fi ndings reported in the earlier 
direct training literature, initial evidence from 
these plasticity-focused studies has shown 
improvements on untrained attention-executive 
tasks [ 75 ,  76 ,  78 ,  79 ] and patient-rated cognitive 
symptoms [ 75 ,  76 ,  79 ]. Using fMRI, Kim and 
colleagues also demonstrated changes in cortical 
activation following computerized neuroplasti-
city based training in a sample of patients with 
TBI [ 75 ]. This is suggestive of training-related 
brain plasticity; however, this line of research is 
still in its infancy and implications regarding 
these training- induced patterns of cortical activa-
tion remain open to various interpretations [ 13 ,  59 ]. 
Chen and colleagues [ 13 ] have noted that increased 
cerebral activation can represent the recruitment 
of remote areas into a functional system, com-
pensatory changes in brain activation, effects of 
effort and motivation, or maladaptive forms of 
cerebral plasticity. Decreased activation may 
represent a failure of recruitment, increased 
neural effi ciency, or automatic processing. It is 
also unknown if changes in functional cerebral 
activation are related to improvements in patients’ 
everyday lives. 

 Despite these initial positive fi ndings, several 
factors may limit the applicability of automated, 

computerized neuroplasticity-based training. 
First, the training has been described as “intense, 
demanding and tiring” [ 76 ] requiring participants 
to initiate and sustain about an hour a day of cog-
nitive exercise, 5 days a week. Thus, this type of 
training may only be appropriate for patients 
with a high level of motivation, compliance, 
commitment, and stamina [ 59 ]. In addition, there 
is evidence that the treatment is most effective for 
patients with relatively preserved cognitive func-
tioning, suggesting it may be inappropriate for 
patients with more severe impairments [ 76 ]. The 
lack of therapist involvement and the impersonal 
nature of the treatment may be inappropriate and 
unappealing for many patients. Lastly, from a 
theoretical perspective, automated, computerized 
direct training interventions are limited in that 
they addresses only attention-executive cognitive 
functions and fail to consider patients’ emotional 
and behavioral concerns, which can infl uence the 
outcome of treatment (although it might be 
argued that some capacity for frustration toler-
ance is embedded in the training). Moreover, to 
the extent that direct training is capable of 
strengthening specifi c cognitive skills, a lack of 
explicit instruction in metacognitive strategies 
along with the decontextualized intervention 
(i.e., completing abstract exercises in the absence 
of meaningful contexts) suggests that individuals 
may have diffi culty applying these skills outside 
of the laboratory or clinical setting. 

 In summary, the fi ndings from direct training 
interventions have been generally positive; how-
ever, we stress that the use of direct training 
without therapist involvement and without train-
ing inmetacognitive strategies is not recom-
mended. This is consistent with practice 
recommendations of the BI-ISIG Cognitive 
Rehabilitation Task Force that direct training 
should also involve metacognitive training to 
promote development of compensatory strate-
gies and foster generalization to real-world tasks 
[ 9 – 11 ]. Based on emerging evidence regarding 
plasticity-based computerized training, the 
BI-ISIG Cognitive Rehabilitation Task Force 
also recommended that computer-based inter-
ventions may be considered as an adjunct to cli-
nician-guided treatment for the remediation of 
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attention defi cits after TBI [ 86 ]. However, the 
Task Force emphasized that the sole reliance on 
repeated exposure and practice on computer-
based tasks without involvement and interven-
tion by a therapist is not recommended.  

    Metacognitive Training Interventions 

 A second broad approach to the remediation of 
attention-executive dysfunction involves meta-
cognitive training—an umbrella term that applies 
to many top-down interventions that emphasize 
capacity for self-regulation. As we have dis-
cussed earlier, metacognitive self-regulatory pro-
cesses, which are often impaired following TBI, 
involve the ability to monitor and control one’s 
thoughts, emotions, and behaviors. Metacognitive 
processes allow for the execution of self-directed, 
complex behaviors by supporting a set of skills, 
including (1) identifying and setting goals, 
including anticipating task demands; (2) self- 
monitoring and comparing performance with 
goals or outcomes; (3) making decisions to 
change one’s behavior or select an alternative 
approach to a situation; and (4) executing the 
change in behaviors [ 12 ,  87 ]. The goal of meta-
cognitive training interventions is to reestablish 
these metacognitive processes in an effort to 
improve a patient’s ability to exercise control 
over his or her behaviors and the cognitive func-
tions that support or inhibit them. Towards this 
end, the therapist attempts to remove obstacles 
that interfere with this self-control. These obsta-
cles can be cognitive, emotional, or behavioral. 
Often they comprise all three. This is accom-
plished through the training and internalization 
of metacognitive strategies that involve direct, 
step-by-step instruction to teach individuals how 
to regulate their own behavior [ 12 ,  87 ,  88 ]. Rather 
than train specifi c skills, metacognitive strategies 
can be used in a variety of different situations, 
thus enhancing the potential for generalization of 
behavioral improvements to novel, real-world 
contexts [ 13 ,  56 ,  60 ,  82 ]. 

 Although the primary goal of metacognitive 
training is to enhance a person’s ability to inter-
nalize awareness and control over his or her 

behavior, treatment usually begins with external 
cuing of a general rule or principle for the par-
ticular metacognitive strategy. Accordingly, 
patients are taught the process of self-monitoring 
and self-control by means of education, model-
ing, external directions, instructional handouts, 
and cuing. Over time, through practice and 
implementation in a variety of settings, this exter-
nal strategy can become internalized, under the 
self-generated direction of the patient, including 
the cuing, structure, and execution involved in 
the strategy. Thus, what begins as an external 
strategy becomes an internal strategy. 

 Metacognitive strategies may be relatively 
simple or complex. For example, training a 
patient in the use of a simple problem-solving 
sequence is a simple strategy that may be appro-
priate for those patients with moderate to severe 
impairment. Other metacognitive training inter-
ventions are more complex, often involving mul-
tiple steps or targeting multiple problems. For 
instance, complex interventions may involve 
simultaneous training in self-regulation of cogni-
tive and emotional processes. Complex strategies 
have the advantage of providing a much wider 
range of therapeutic challenges and experiences 
for a patient and may allow for the training of a 
wider range of target behaviors and situations, 
covering a wider range of applicability, and 
allowing for greater generalization and transfer 
of training; however, these strategies may be 
usable only by those with relatively mild to mod-
erate impairment. 

 In the TBI rehabilitation literature, the major-
ity of metacognitive training interventions have 
focused on improving general problem-solving 
skills [ 89 – 92 ], or more specifi c activities that are 
involved in problem solving, including goal man-
agement [ 93 – 96 ]; planning and self-monitoring 
[ 55 ,  56 ]; problem solving that involves time pres-
sure management [ 97 ,  98 ]; and attentional self- 
regulation [ 93 ,  96 ,  99 ]. A recent investigation of 
metacognitive strategy training conducted by 
Spikman and colleagues [ 92 ] was unique in that 
it involved a multifaceted approach targeting 
eight different skills including, self-awareness, 
goal setting, planning, self-initiation, self- 
monitoring, self-inhibition, fl exibility, and strategic 
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behavior. Boelen and colleagues [ 57 ] noted that 
this intervention appears to address many of the 
components of Stuss’ theoretical framework [ 8 ]. 
Moreover, the multifaceted intervention was suc-
cessful in improving the amount and quality of 
daily life functioning across the domains of voca-
tional functioning, social interaction, leisure 
activities, and mobility. 

 In addition to the cognitive aspects of prob-
lem solving, current interventions based on 
metacognitive strategy training have also 
addressed emotional aspects of behavioral regu-
lation [ 60 ,  91 ]. In order to solve problems in a 
cognitively effective manner, individuals have 
to be able to control those emotional reactions 
that interfere with their ability to think clearly 
and effectively. These reactions are often asso-
ciated with “negative self- talk” in the form of 
cognitive distortions or misattributions. 
Examples include: “I have to do a perfect job”; 
or “I’m a failure”; or “I have to be in complete 
control or it will be a disaster.” Rath and col-
leagues [ 91 ] evaluated the effectiveness of an 
innovative intervention that focused on the 
development of emotional self-regulation strate-
gies as the basis for maintaining an effective 
problem orientation, along with a “clear think-
ing” component that included cognitive- 
behavioral training in problem-solving skills. 
The intervention also involved a systematic pro-
cess for analyzing real-life problems and role- 
play of real-life examples of problem situations. 
The intervention group demonstrated improve-
ments on measures of executive functioning, 
self- appraisal of “clear thinking,” self-appraisal 
of emotional self-regulation, and objective 
observer- ratings of interpersonal problem-solv-
ing behaviors in naturalistic simulations. 

 In summary, there is substantial evidence to 
support the use of metacognitive training for per-
sons with TBI [ 9 – 12 ,  57 ]. Based on the current 
evidence, the BI-ISIG Cognitive Rehabilitation 
Task Force of ACRM has also recommended, as 
a practice standard, metacognitive strategy train-
ing for defi cits in executive functioning after 
TBI, including impairments of emotional self- 
regulation [ 11 ]. As detailed in a systematic 
review and meta-analysis, metacognitive training 

for problem solving of personally relevant activi-
ties has demonstrated signifi cant effect sizes in 
impairment, activity, and participation outcomes 
compared to control treatments and was recom-
mended to improve problem-solving defi cits fol-
lowing TBI [ 12 ]. The BI-ISIG Cognitive 
Rehabilitation Task Force of ACRM has come to 
a similar conclusion and has recommended, as a 
practice guideline, training in formal problem- 
solving strategies and their application to every-
day situations and functional activities during 
post-acute rehabilitation after TBI [ 11 ]. 

 From a theoretical and clinical perspective, an 
important benefi t of metacognitive training is that 
these strategies can be customized rather easily to 
address problems with attention-executive, cog-
nitive, emotional/motivational, and behavioral 
functioning. Cicerone and colleagues [ 60 ] have 
suggested that metacognitive training directed at 
improving patients’ self-regulation of both cog-
nitive and emotional processes leads to increases 
in patients’ self-effi cacy beliefs, specifi cally in 
their confi dence in managing residual cognitive 
and emotional symptoms. Improvements in per-
ceived self-effi cacy (and related concepts, such 
as maintaining a positive problem orientation) 
are related to positive outcomes [ 61 ,  91 ], particu-
larly patients’ subjective well-being and life sat-
isfaction [ 100 ]. In addition, metacognitive 
training can be applied to clients’ personally rel-
evant goals, which will enhance acquisition and 
generalization of strategies. This is also impor-
tant as training that has meaning to the client may 
increase motivation and satisfaction with 
treatment.   

    Clinical Application of 
Metacognitive Training 

 In the section, we describe a general framework 
that is applicable to the majority of metacognitive 
training interventions. We also describe self-talk 
procedures—a simple metacognitive strategy 
that can be adapted to address multiple problems 
depending on the needs of the client. This is fol-
lowed by a description of the metacognitive treat-
ment of problem-solving defi cits. 
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    A General Algorithm for 
Metacognitive Strategy Training 

 Most interventions in this area follow a common 
structure, which parallels the structure of execu-
tive functioning: the creation of an internal plan 
or representation in anticipation of a desired goal 
state; execution of a response or sequence of 
responses; and the use of feedback to compare 
the internal plan with the achieved outcome, and 
modifi cation of one’s plan accordingly. A general 
algorithm involving the following sequence of 
steps can be applied to many different metacog-
nitive training interventions: (1) raising aware-
ness of defi cits; (2) anticipation and planning of 
the potential response to novel tasks or problem- 
solving situations; (3) implementation and self- 
monitoring of selected responses; and (4) 
evaluation of the outcome of the response, com-
paring the outcome with the desired or antici-
pated outcome, and changing the approach of the 
task, if necessary, which then “resets” the 
sequence of operations. 

 While the specifi c language and aspects of 
interventions vary, this structure and process is 
common to most metacognitive and problem- 
solving interventions for impairments of 
attention- executive functioning and can serve as 
framework for understanding and implementing 
these various interventions. The general steps 
outlined below were utilized in studies by Von 
Cramon et al. [ 89 ], Fasotti et al. [ 97 ], Levine 
et al. [ 95 ], and Cicerone et al. [ 60 ] to address 
general problem-solving impairments. These 
steps were also utilized in the single-case studies 
of Ylvisaker and Feeney [ 101 ] and Dawson et al. 
[ 102 ], using a Goal-Plan-Do-Review strategy. 
Similar steps have also been utilized by Goverover 
et al. [ 103 ], and Cheng and Man [ 104 ] to address 
problems with self-awareness. 

    Awareness 
 In clinical practice, metacognitive training is 
often preceded by attempts to assess and foster 
the patient’s awareness of defi cits, identifying the 
relevant strategies and setting goals. 

 Effective treatment, particularly involving 
metacognitive training interventions, usually 

requires assisting the patient to develop an aware-
ness of the underlying impairments and their 
negative functional consequences. For those with 
awareness defi cits, it is generally helpful to help 
a patient to recognize defi cits by pointing out the 
discrepancies between self-perception and real-
ity. Fleming and Ownsworth [ 21 ] also recom-
mend: (1) selecting key tasks and environments 
in which awareness behaviors are most important 
within everyday activities and roles; (2) provid-
ing clear feedback and structured opportunities to 
help patients evaluate their performance, dis-
cover errors, and compensate for defi cits; (3) 
using habit formation, when necessary, through 
repetition and procedural or implicit learning; 
and (4) providing education and environmental 
supports. Patients may be asked to predict explic-
itly the expected outcome of their behavior, e.g., 
predicted number of errors, accuracy, speed to 
completion, or some other aspect of success or 
failure. After completing the task, the patient is 
asked to compare his or her performance to the 
actual scores obtained on the task [ 103 – 105 ]. 
This allows for comparison of expected and 
observed outcomes, an activity that can facilitate 
awareness and improve self-monitoring. 

 Formal intervention should be considered for 
individuals with neurocognitive unawareness. 
Readers are referred to Chap.   12     of this book and 
also the Cognitive Rehabilitation Manual by 
Edmund Haskins and colleagues [ 106 ] for a thor-
ough description of awareness interventions. 
Treatment to address awareness is an inherent 
aspect of metacognitive strategy training and 
should be incorporated into essentially all inter-
ventions, not only to foster increased awareness 
of defi cits but also to foster awareness of the use 
and application of strategies. Crosson and col-
leagues [ 107 ] provide a framework for relating 
specifi c compensatory strategies to different lev-
els of impaired awareness. 

 Engaging the patient in the process of overt 
goal setting is another aspect of this stage of 
treatment [ 108 ]. In practice, the setting of goals 
for rehabilitation will occur simultaneously with 
the clinical assessment of a patient’s intellectual 
awareness of their identifi ed “defi cits” and their 
implications for daily functioning. Patients’ intel-
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lectual awareness, goal orientation, and identifi -
cation of compensatory strategies all represent 
aspects of  metacognitive knowledge  [ 107 ,  109 ]. 
The concept of metacognitive knowledge has 
also been extended to include self-effi cacy beliefs 
[ 60 ,  109 ].  

    Anticipate and Plan 
 This aspect of metacognitive strategy training is 
grounded in the view that the anticipation of 
events in the environment, preparation of a 
response, and expectations about the conse-
quences of behavior are central aspects of 
attention- executive functioning. To anticipate 
something makes it more likely that you will 
attend to it if and when it occurs (and to notice if 
it does not). The use of a prediction paradigm can 
be an explicit aspect of this process, not only to 
increase anticipatory awareness [ 107 ], but to 
establish a structure to mediate the patient’s 
approach to the task [ 56 ]. Patients are assisted 
with the processes of  task setting , including set-
ting the appropriate criteria for stimulus rele-
vance and preparing for stimulus selection, 
response selection, and response inhibition. Self- 
instructional techniques are another practical 
application of these principles. For example, 
prior to initiating a given task, the patient is 
instructed to identify the demands associated 
with the task, and to plan the appropriate sequence 
of responses. A relatively simple self- instructional 
metacognitive strategy involves having the 
patient engage in a self-talk procedure by which 
patients are taught to “talk themselves through” 
tasks [ 55 ,  56 ]. This serves to prevent unwanted 
behaviors, while simultaneously encouraging 
planning and self-monitoring and attentional 
focus. Training occurs in three stages to promote 
the progressive internalization of verbal self- 
regulation. Training begins with overt verbaliza-
tion (talking out loud), then transitions to faded 
verbal self-instruction (whispering), and fi nally 
to covert verbal mediation(inner talk). 

 Cicerone and Wood [ 55 ] found that this three- 
stage, self-talk procedure described above 
resulted in reduced task-related errors and also 
eventual cessation of off-task behaviors. 
Additional instruction and practice in the appli-

cation of the strategy was also associated with 
increased spontaneous use of the strategy in 
novel situations. Cicerone and Giacino [ 56 ] sub-
sequently evaluated training using the same self- 
talk protocol with fi ve patients with TBI and one 
patient with falx meningioma. All patients exhib-
ited impaired planning and self-monitoring. Five 
of the six patients showed marked reduction of 
task-related errors and perseverative responses. 

 At a more complex level, patients are asked to 
conduct an activity analysis that anticipates not 
only characteristics of the task but the potential 
impact of one’s cognitive abilities, emotional 
responses, and environmental supports on their 
performance of the task as well as examining 
their self-effi cacy belief in relation to managing 
these cognitive, emotional, and task demands 
[ 60 ]. The anticipation of situations that are likely 
to cause “information overload” and preparation 
of a plan to manage these situations is an exam-
ple of this process, applied to Time Pressure 
Management [ 98 ].  

    Execute and Self-Monitor 
 Next, the person implements his/her plan to per-
form the task, actively self-monitors performance 
and use of strategies throughout, all of which 
refl ect the process of  task - monitoring . In most 
situations, the demands to execute and self- 
monitor the patient’s behavior occur simultane-
ously and require some capacity to shift attention 
between the requirements of the task and moni-
toring one’s internal train of thought. Emphasis is 
placed on the patient’s capacity for online 
 monitoring [ 109 ] and emergent awareness of per-
formance [ 107 ]. Errors are most likely to occur 
during this process of task execution: errors due 
to failure to anticipate some aspect of a situation; 
errors related to inability to maintain a consistent 
response set; attentional lapses related to one’s 
mind wandering, errors because things do not 
“go as planned”; errors because something “cap-
tured” one’s attention or failed to gain one’s 
attention; and errors related to emotional interfer-
ence. It is not surprising that error management 
training can be an essential component of self- 
regulation during this phase, including the training 
of both metacognitive and emotional regulation 
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strategies [ 24 ,  60 ,  110 ,  111 ]. The use of “errorful 
learning”—although also more effortful—can be 
benefi cial in situations with inconsistent mapping 
of stimulus–response contingencies, to foster 
strategy application in situations with varied 
demands, and to facilitate transfer of learning, 
including functional activities [ 112 ,  113 ]. The 
therapist may need to direct attention and support 
to the patient’s online monitoring of errors or 
problems and application of compensatory strate-
gies at the appropriate time and situations 
(aspects of  metacognitive experience ). 

 The principles identifi ed earlier in relation to 
neuroplasticity also apply to metacognitive strat-
egy training, such as the need to continually 
adapt the task to maintain an appropriate level of 
success and challenge. The therapist should 
determine the amount of structure and cuing pro-
vided at this level of intervention to facilitate 
online monitoring (e.g., awareness and correction 
of errors) and strategy application, with the 
patient assuming greater responsibility for inde-
pendent performance over the progression of 
treatment. An approach to compensatory strategy 
training based on the instructional process in nat-
ural contexts [ 114 ] varies the level of assistance 
provided (rather than changing aspects of the task 
itself) as a basis for continually adapting task 
demands. The therapist serves a mediating func-
tion to encourage self-monitoring and strategy 
application [ 115 ]. This approach allows the ther-
apist to control those elements of the task that are 
initially beyond the patient's capacity, reinforcing 
attention to those elements within the patient’s 
range of competence and emphasizing the 
patient’s need to recognize and adjust to varied 
demands as a common occurrence. Errors are 
expected to occur as the therapist transfers 
responsibility for the task to the patient, and these 
occurrences provide the principal basis for deter-
mining the patient's competence, adjusting the 
level of intervention, and providing feedback.  

    Self-Evaluate 
 Finally the person compares the effectiveness of 
their actions with the predicted effects and conse-
quences and evaluates their performance (typi-
cally while incorporating feedback from the 

therapist and/or others). This metacognitive eval-
uation process can be directed at the patient’s 
immediate performance, compared with prior 
expectations, and related to the relevance and 
implications of defi cits (or strengths) to the per-
son’s daily functioning. Therapeutic feedback 
can serve as the basis for the patient’s modifying 
their awareness, adjusting their goals, and identi-
fying the need to adjust the nature and applica-
tion of compensatory strategies. The process of 
self-evaluation thus feeds back to the processes 
of awareness and goal setting.   

    Metacognitive Training 
for Problem- Solving Defi cits 

 The treatment of problem-solving defi cits using 
metacognitive strategies involves teaching 
patients to gain control over their cognitive pro-
cessing by learning and following a formal 
problem- solving strategy. One example is the 
Goal-Plan-Do-Review sequence taken from 
Ylvisaker and Feeney (1998) [ 101 ]. However, it 
should be noted that any series of steps that 
refl ect the evidence-based algorithm described 
earlier (i.e., Awareness, Plan, Execute, Self- 
Evaluate) can be used. 

 Patients are instructed to apply the Goal-Plan- 
Do-Review strategy to each new problem they 
face. Initially, patients are taught to complete a 
written, structured worksheet which outlines 
each step of the sequence. Through frequent 
 repetition of this procedure across a range of 
tasks, patients can learn to apply the problem-
solving strategy more effectively and quickly. 

 The long-term goal of problem-solving train-
ing is to enable the patient to become familiar 
and skilled with the problem-solving sequence 
that it is generalized to various situations with 
minimal external cuing. In effect, through prac-
tice and repetition it becomes an internalized 
strategy. For those patients who are unable to 
achieve internal control over their problem- 
solving attempts, an approach that relies on 
external cuing (e.g., external prompts from thera-
pist or caregiver; using structured worksheets) 
may be necessary.   
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    Case Example Illustrating the Use 
of Metacognitive Strategy Training 

 EF is a 44-year-old woman who sustained a TBI 
when she fell and was kicked in the head by a 
horse. She sustained a loss of consciousness with 
hemorrhagic contusions in the left dorsolateral 
frontal and bilateral inferior medial and lateral 
frontal lobes as well as an intraparenchymal 
lesion in the anterior cingulate. She received a 
course of acute rehabilitation and was discharged 
to her home (with her husband and two adoles-
cent daughters). She was working as an attorney 
prior to her injury, but did not return to work. Her 
family noted that prior to her injury she had “held 
the family together” but since then she was more 
emotionally labile and would sometimes perse-
verate on an activity, such as asking family mem-
bers repeatedly what they wanted for dinner and 
obsessively cleaning up after her husband and 
children. Two years after her injury she was 
offered the opportunity to work at her former 
fi rm on a part time basis as a “legal assistant” 
doing background research for other attorneys. 
After returning to work she had diffi culty fi nish-
ing tasks, often getting involved in tasks with less 
priority. Her husband expressed his concern to 
her neurologist and she was referred for neuro-
psychological evaluation and treatment. 

 When fi rst seen, she generally attributed her 
problems on her job to having an “unreasonable 
amount of work,” but she did acknowledge having 
diffi culties because she would lose track of what 
she was doing while working on the computer or 
reading fi les, “train of thought goes off and then I 
lose everything,” and she would “get stuck” and 
not be able to fi gure out another way of doing 
something. Neuropsychological evaluation was 
notable for intact processing speed but marked 
decline with dual task demands. On basic tasks of 
sustained attention she responded rapidly but 
missed targets, particularly on the later trials. On 
more complex tasks she still responded quickly 
but had diffi culty establishing the correct set, and 
she would perseverate on an inappropriate 
sequence of responses early in the task. Her mem-
ory was average but she did exhibit increased sus-

ceptibility to both proactive and retroactive 
interference. The initial course of treatment was 
based on the use of verbal mediation as a form of 
self-instructional training, applied to a series of 
“transfer” problems (similar to the Tower of 
London or Tower of Hanoi) [ 55 ]. A baseline was 
established, in which it was noted that her laten-
cies prior to starting each trial were quick, and 
unrelated to task diffi culty, and she would initially 
make an extensive number of errors before real-
izing there was another, more effi cient, solution to 
the task. In the initial stage of the intervention EF 
was instructed to verbalize the steps required to 
complete the task prior to any overt attempt at 
problem solution. She was prompted to anticipate 
or recognize errors during this process, and this 
was contrasted with her propensity to make errors 
without recognizing them during her baseline task 
performance. EF initially found this process 
“uncomfortable” and “more diffi cult,” which was 
interpreted in relation to her need to “slow down” 
and adopt a more conscious, deliberate approach 
that contrasted with the diffi culties she encoun-
tered due to her automatic, impulsive responding. 
Following her verbalization she was asked to 
complete the task, while again verbalizing the 
steps (and verbally noting any errors). She was 
provided multiple practice trials on the task fol-
lowing the same structure, while fading her overt 
verbal self-instruction. This process was used to 
formulate a more  general (metacognitive) strategy 
refl ecting her need to “stop, think and plan” (STP) 
while performing an activity, following the gen-
eral algorithm described above. EF was then given 
the opportunity to practice the metacognitive 
strategy on multiple tasks having similar problem 
structure and demands but with varied content and 
varied levels of diffi culty, to reinforce the near 
transfer of strategy use to a variety of situations. 
The intervention initially was applied to “artifi -
cial” tasks within the safety of the therapeutic 
environment; these same strategies were gradu-
ally applied to situations in EF’s daily function-
ing, including her work responsibilities. During 
this process a distinction was made between 
“error recognition” and “error utilization,” the lat-
ter emphasizing the practical (positive) value of 
recognizing errors as an opportunity to correct her 
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mistakes. Interventions to facilitate error- 
management included feedback, open-ended 
prompts (“Is there anything else you can do? Are 
you sure?”), and modeling “correct” performance 
and positive self-statements [ 24 ,  61 ]. Throughout 
this process, she was encouraged to identify past 
experiences where she had successfully carried 
out an activity and to relate these to her current 
demands [ 116 ]. The emphasis of treatment ses-
sions shifted from table-top exercises to analyzing 
examples from her daily life where she experi-
enced diffi culty, and simulating these functional 
activities within the treatment setting. Her use of 
the “stop, think and plan” strategy was gradually 
expanded to include formal aspects of “goal-plan-
do-review” [ 102 ] and time pressure management 
[ 98 ]. These sessions also provided the opportu-
nity to address her moment-to- moment self-mon-
itoring and error management in relation to her 
diffi culties sustaining attention in her daily func-
tioning, refl ected in her subjective complaints that 
her “train of thought goes off” and she loses track 
of what she is doing, and she “gets stuck” on one 
thing and cannot fi gure out another way of doing 
something. She could identify that this was par-
ticularly evident when she was attempting to con-
duct research as part of her work, which typically 
involved managing multiple cases and requests 
for information under time demands. The appar-
ent contradiction between the extremes of her 
being “easily distracted” and “getting stuck on 
one thing” was interpreted in relation to a com-
mon, underlying problem of “dysregulation” [ 56 ] 
refl ecting her need to regulate her attention more 
effectively in a variety of situations. Treatment for 
this aspect of her functioning was again intro-
duced by incorporating structured attention exer-
cises and functional tasks within sessions, 
providing an opportunity for monitoring attention 
lapses and task-unrelated thoughts. She was edu-
cated regarding the relationship between sus-
tained attention and error awareness [ 117 ,  118 ]. 
The method of “content-free” cuing [ 119 ] was 
introduced as a means of self-monitoring whether 
she was “doing what I need to be doing” at inter-
mittent intervals during task performance. This 
procedure was again applied to a variety of tasks, 
with increasing functional application (e.g., using 

the Internet for research) and gradually trans-
ferred to strategy use during her daily activities 
(including programming an auditory cue to occur 
at random intervals on her Smartphone). During 
this progression EF was also assisted in identify-
ing signs of emotional reactivity (which within 
sessions manifested as her feeling frustrated and 
overwhelmed) that interfered with task perfor-
mance. The use of a Likert-like Cognitive Energy 
Scale (CES) was introduced as a method for emo-
tional self-monitoring and self-regulation [ 60 , 
 110 ]. Her emotional reactions and attentional 
lapses were reinterpreted from representing nega-
tive, disruptive events to representing “stop” cues 
that signaled the need for her to institute a com-
pensatory strategy. Over time, she was able to 
employ the STP and CES as “on-line” cognitive 
and emotional strategies to “reset” her attention to 
relevant aspects of the situation and when she 
became distracted, “stuck,” or overwhelmed. 

 The latter progression of treatment was directed 
at generalizing the use of strategies in her daily 
life. During this extended period of treatment she 
was given multiple opportunities to apply her 
strategies and increasing responsibility for recog-
nizing the need and implementing strategies in her 
daily functioning [ 55 ]. The Goal-Plan- Do-Review 
strategy was used as a way for her to plan and 
organize her daily activities, such as prioritizing 
work tasks for each day and a weekly menu for her 
home. Treatment for behavioral and emotional 
regulation shifted emphasis from the routine use of 
specifi c problem solving and emotional regulation 
strategies, to reinforcing the more general psycho-
logical aspects of self-appraisal—maintaining a 
positive problem orientation and keeping emo-
tional reactions from interfering with her function-
ing—that allowed her to establish an acceptable 
sense of identity [ 120 ]. After several months of 
treatment she demonstrated the ability to apply 
metacognitive strategies for practical problem 
solving, attention regulation, and emotional regu-
lation. She was “less emotional” and less likely to 
perseverate on household tasks in her daily func-
tioning, although she remained less sociable. She 
was able to complete her household and work 
responsibilities more effectively, although this 
remained more effortful and she continued to 
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function at a lower capacity than she did prior to 
her injury, and she had the advantage of a support-
ive environment both at home and at work. The 
improvements in her ability for self-regulation 
were accompanied by improvements in her self-
effi cacy and confi dence that she could manage her 
cognitive and emotional symptoms. 

 This case illustrates the clinical application of 
evidence-based cognitive rehabilitation to a distur-
bance of the anterior attention-executive networks 
after a moderate–severe TBI. Although interven-
tions are typically evaluated in isolation, in prac-
tice it is common to use multiple intervention 
methods simultaneously or in a progression [ 115 ], 
as seen in this case illustration. The patient exhib-
ited signifi cant problems with attention and execu-
tive functioning, but had other favorable prognostic 
signs including above average intelligence and 
education, relatively intact memory, at least an 
intellectual awareness of her problems, good moti-
vation, and some capacity to recognize her mis-
takes and apply compensatory strategies, or to use 
a strategy in specifi c situations, and a supportive 
environment. Under these favorable circum-
stances, treatment based on metacognitive strategy 
training enabled her to regulate those aspects of 
her functioning that supported a positive identity.     
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    Abstract  

  Interventions that address social communication abilities are of key 
 importance in the rehabilitation of persons with traumatic brain injury 
(TBI), due to the impact of social competence on social and occupational 
outcomes. This chapter will review various interventions that have been 
utilized to address social communication diffi culties after TBI. The fi rst 
section of the chapter outlines the typical social communication changes 
observed in TBI and will clarify the scope of skills encompassed by the 
term social communication abilities. This will be followed by a brief 
review of the extant literature linking social communication to social and 
occupational functioning. A review of the interventions that have been 
used and evidence of their effectiveness is then presented, followed by a 
case illustration to outline clinical applications of social communication 
interventions for persons with TBI.  
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     Interventions that address social communica-
tion abilities are of key importance in the reha-
bilitation of persons with TBI [1, 2]. Social 
communication abilities are at the core of social 
competence and impact functional outcomes 
after injury, such as social integration, employ-
ment, marital relationships, and perceived fam-
ily stress [3–5]. In fact,  emotional, social, and 
behavioral impairments, including changes in 
social communication functioning, are more 
predictive of the level of participant restriction 
following TBI than are cognitive and physical 
impairments [6]. Social support is consistently 
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found to relate to life satisfaction [7, 8] and 
therefore, interventions that address social 
communication, which may have the potential 
to impact social integration outcomes and 
increase available social support, are signifi cant 
components of rehabilitation efforts that center 
on community integration and enhanced quality 
of life after TBI. 

    Social Communication Abilities 
and Traumatic Brain Injury 

 While    social communication impairments impact 
social integration and functional outcome for 
persons with a variety of disabilities, there is no 
universally accepted defi nition of social skill [ 9 ]. 
Ylvisaker [ 10 ] stated that socially skilled people 
are “people that are able to affect others posi-
tively and with the effect they intend, and who 
are capable of being affected positively by others 
the way the others would like to affect them.” 
Social communication involves sending and 
receiving messages to and from others. Framed 
as an information-processing model of social 
competence, this includes three skill areas: recep-
tive abilities, processing abilities, and sending 
abilities [ 11 ]. Social communication abilities 
include a variety of general competencies, in 
addition to specifi c verbal and nonverbal skills, 
and must be considered in relation to specifi c 
contexts and communication partners. Context 
includes the physical setting, the sociocultural 
demands of the situation, and one’s relationship 
to the conversational partner(s) (e.g., friend, co- 
worker, stranger, neighbor, doctor). 

 While there are distinguishable theoretical 
differences between constructs such as social 
skills, pragmatics, and behavioral self-regulation, 
there is considerable overlap in a practical sense 
[ 12 ]. Receptive social communication abilities 
can be thought to include emotion perception and 
theory of mind [abilities that allow us to accu-
rately predict the thoughts and feelings of others 
based on affective cues (facial expressions, tone 
of voice, etc.), content of speech, and knowledge 
of context] [ 13 ]. Processing abilities include 
 abilities to generate alternative interpretations 

of social stimuli, as well as alternative potential 
response to such social situations. Sending 
skills include the various verbal and nonverbal 
behaviors that are executed to send messages to 
others. 

 Cognitive and behavioral changes following 
TBI can impact these abilities in a number of 
ways. Egocentricity, concreteness of thought, 
impulsivity, perseveration, rigidity, poor plan-
ning, reduced initiation, slowed processing 
speed, reduced generativity, impaired self- 
monitoring, and impaired self-regulation may be 
observed following TBI [ 1 ,  14 ]. These impair-
ments are thought to translate into social com-
munication defi cits such as: insensitivity to 
others, sudden topic shifts, overtalkativeness, 
tangentiality, overly familiar or inappropriate 
comments, repetition and reliance on set expres-
sions, impoverished speech, reduced initiation of 
social interaction, and literal interpretation of 
others’ statements [ 9 ,  15 ]. 

 Problems with social communication skills fol-
lowing TBI are thought to be consequent to both 
cognitive and personality changes that may result 
from injury to brain structures, although premor-
bid ability, emotional reactions to disability, and 
environmental factors are also likely to play sig-
nifi cant roles in shaping social outcomes after 
injury [ 16 ,  17 ]. Focal injuries in TBI, such as con-
tusions and hematomas, occur primarily on the 
orbital and lateral surfaces of the frontal and tem-
poral lobes of the brain, which are particularly 
vulnerable to injury due to trauma because of their 
proximity to the bony protuberances of the skull 
[ 18 – 20 ]. Associations between injury to these 
structural areas and abilities related to social com-
munication functioning have been found by 
numerous investigators. Ventral frontal lobe injury 
has been linked to impairments in inhibition and 
ineffi ciency in learning from consequences [ 21 , 
 22 ]. Impaired social perception has been linked to 
frontolimbic structures, which are vulnerable to 
injury in TBI [ 23 – 25 ]. Diffuse axonal injuries are 
thought to contribute to the most common cogni-
tive impairments experienced following TBI, 
namely problems with slowed processing, atten-
tion and memory functioning, and executive dys-
function [ 26 ,  27 ]. Slowed processing speed and 
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attentional diffi culties are thought to affect social 
communication abilities by contributing to 
reduced comprehension of information, slowed 
rated of speaking, long pauses within conversa-
tion, and diffi culty staying on topic in group dis-
cussion. These examples, highlighting areas of 
typical injury following TBI, illustrate some of the 
reasons why social communication impairments 
are commonly observed in persons with moderate 
to severe traumatic brain injury (TBI).  

    Importance of Social Communication 
Abilities to Functional Outcomes 

 Social communication abilities have been shown 
to play an important role in affecting the degree 
to which individuals with TBI participate in 
social and occupational roles after injury. Social 
competence assists in attaining acceptance of 
peers and family members, aids in the develop-
ment and maintenance of friendships and inti-
mate relationships, and allows individuals to 
adjust to the varying social demands of school, 
work, and community settings. 

    Social Communication Abilities 
and Social Integration 

 Social isolation is an all too common conse-
quence following injury, at least among individu-
als with moderate to severe TBI. Several studies 
have demonstrated decreasing social network 
size and loss of pre-injury friendships over time, 
with loneliness often reported as the greatest 
 diffi culty for persons with TBI [ 28 ,  29 ]. Social 
communication functioning has been specifi cally 
associated with reduced social integration in sev-
eral studies. Discourse measures (analyses of lan-
guage behavior such as syntax, vocabulary, 
conversational skills, cohesion) have been shown 
to be related to social integration measures [ 30 ]. 
Performance on social communication measures 
accounted for a signifi cant amount of variance in 
social integration outcomes after adjusting for 
executive functioning measures, age, and educa-

tion in a sample of persons with chronic TBI [ 5 ]. 
In individuals tested more acutely after TBI, 
social communication variables accounted for a 
signifi cant amount of variance in social integra-
tion measures, after accounting for demographic 
and injury-related variables [ 31 ].  

    Social Communication Abilities 
and Employment 

 Return to employment following TBI is often a 
major goal of rehabilitation efforts and is viewed 
as evidence of successful outcome. Social, behav-
ioral, and emotional factors have been demon-
strated to play a major role in post-injury 
vocational status. Brooks and colleagues identi-
fi ed conversational skills as a major predictor of 
failure to return to work following severe TBI, in 
addition to personality problems, behavioral 
 disorders, and cognitive status. [ 3 ] Stambrook 
and colleagues found that psychosocial and emo-
tional sequelae were signifi cant predictors of 
vocational status, in addition to age and pre- 
injury vocational status. [ 32 ] Sale and colleagues 
found that the most common causes of job sepa-
ration in persons with TBI were “interpersonal 
diffi culties,” “social cue misperception,” and 
“inappropriate verbalization.” [ 33 ] Persons with 
TBI that failed to return to work were rated by 
informants as displaying signifi cantly more 
adverse personality changes and were rated as 
signifi cantly less socially skilled by independent 
raters [ 34 ]. Performance on social communica-
tion measures accounted for a signifi cant amount 
of variance in occupational outcomes after 
adjusting for executive functioning measures, 
age, and education in a sample of persons with 
chronic TBI [ 5 ].  

    Social Communication Abilities 
and Marital Relationships 

 Marital satisfaction following TBI can also be 
largely infl uenced by personality, social, and 
behavioral changes in the person with TBI. 
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Rosenbaum and Najenson found that compared 
to wives of veterans with spinal cord injuries, 
wives of head-injured veterans reported greater 
negative changes in marital and family life that 
were attributed to personality changes of the 
spouses with brain injury [ 35 ]. Liss and Willer 
found that interpersonal disturbances and role 
changes negatively impacted marital relation-
ships for persons with TBI and their spouses 
[ 36 ]. The presence of behavioral problems, such 
as social aggression, was found to be a powerful 
predictor of psychological distress in spouses of 
persons with TBI [ 37 ]. Gosling and Oddy found 
that over half of the female partners of men with 
severe TBI reported that their partner “felt like a 
stranger.” [ 38 ]  

    Social Communication Abilities 
and Family Burden 

 Perceived burden by family members has been 
strongly related to social, personality, emotional, 
and behavioral changes in persons with TBI. 
Early studies by Thomsen found that personality 
changes tended to overshadow problems in cog-
nitive and neurophysical functioning as determi-
nants of family burden [ 39 ,  40 ]. Brooks and 
Aughton also found that behavioral and emo-
tional changes in the persons with TBI outranked 
cognitive changes in contributing to family bur-
den, and similar results have been found across a 
number of studies [ 41 ]. Kreutzer and colleagues 
found that family members of persons with TBI 
reported both elevated distress and impaired fam-
ily communication functioning when compared 
to normal controls [ 42 ]. Less socially skilled 
 persons with TBI showed less positive affect and 
required more effort from their family member to 
maintain the problem-solving interaction, which 
was interpreted to suggest that extra burden is 
placed on family members of individuals with 
social skill defi cits [ 43 ]. 

 In this brief review of the literature, it is read-
ily apparent that social communication function-
ing has a signifi cant impact on social participation 
and disability after TBI. Given the signifi cance of 
social competence, interventions designed to 

improve social skill functioning are of key impor-
tance in brain injury rehabilitation.   

    Interventions for Social 
Communication Skills Following TBI 

 Interventions intended to improve social skills 
functioning have been validated for use for sev-
eral clinical conditions over the years, including 
schizophrenia, social anxiety, and developmen-
tal disabilities [ 44 – 46 ]. Despite the substantial 
body of research conducted since the late 1970s 
that has reported both that social communication 
abilities are commonly affected and that 
decreases in social integration occur after TBI, 
the number of empirical studies that have exam-
ined the effectiveness of social communication 
interventions in this population is relatively 
small. More recently, however, social cognition, 
social communication, and social communica-
tion interventions have become the foci of an 
increasing body of laboratory and clinical 
research [ 47 ,  48 ]. 

 In a review of the literature conducted by 
Struchen, a total of 19 peer-reviewed studies 
were identifi ed that evaluated the effectiveness of 
social communication interventions for individu-
als with acquired brain injury (ABI) [ 49 ]. 
Thirteen of these studies were either case studies 
or case series involving a total of 19 persons with 
TBI. Two additional case studies involved one 
individual with anoxic brain injury. Six group 
studies were identifi ed involving a total of 56 per-
sons with ABI, with three such studies involving 
a mixed case sample. Studies identifi ed employed 
a variety of treatment approaches, however, feed-
back, self-monitoring, modeling, behavioral 
rehearsal, role-play, and social reinforcement 
were commonly used components. Since that 
review, two additional randomized clinical trials 
(RCTs) that directly address social communica-
tion abilities [ 50 ,  51 ] and one feasibility trial [ 52 ] 
have been published. In addition, several studies 
have explored alternative foci for intervention, 
such as centering on emotion perception [ 53 ,  54 ] 
and working with the communication partner 
[ 55 ,  56 ]. The following reviews several of the 
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social communication interventions that have 
been used and presents information about their 
effectiveness. 

    Individual Interventions for Social 
Communication after TBI 

    Interpersonal Process Recall 
 In the fi rst published RCT of a social communi-
cation intervention for persons with ABI, 
Helffenstein and Wechsler [ 57 ] compared the 
impact of an interpersonal process recall (IPR) 
treatment to a nontherapeutic attention control. 
IPR is a training method that was originally 
developed for education of counselors and 
focused on insights into the counselor–client and 
teacher–learner relationship [ 58 – 60 ]. This 
approach utilizes videotape playback of various 
situations to stimulate recall of the various 
dynamics that are involved in interpersonal com-
munication. In a typical format, the client–coun-
selor interaction is videotaped, and then a second 
counselor reviews the videotape with the client to 
discuss client-recalled feelings or to elaborate on 
the meanings of various aspects of the communi-
cation [ 60 ]. The proposed advantages of the IPR 
method for addressing social communication 
abilities for persons with TBI include: immediate 
and direct feedback, which is particularly impor-
tant when memory diffi culties are present; the 
opportunity for the person with TBI to provide 
self-feedback and receive the perspectives of oth-
ers; fl exibility of the approach to cover various 
content and communication goals; opportunities 
for generation of alternative behaviors, model-
ing, rehearsal, and role-play; individualized 
attention; and the ability to utilize videotape of 
conversational exchanges in naturalistic environ-
ments as well as  clinic-based conversation sam-
ples. In addition, this individual approach can be 
utilized in a variety of treatment settings (e.g., 
rural communities, general rehabilitation service 
settings, etc.) where a group treatment format 
may be less feasible. 

 The IPR therapeutic approach also allows for 
the individualized targeting of specifi c social 
communication goals, including the fl exibility to 

focus on all three aspects of social communica-
tion: receiving, processing, and sending skills. 
For example, social cue perception, can be 
addressed within the IPR framework through a 
focus on observing the listener during videotape 
playback, followed by overt monitoring, model-
ing, and role-play within the treatment session. 
Processing skills, such as diffi culty in generating 
communication alternatives, can be enhanced 
through the mutual recall and generation of alter-
natives within the therapy setting, which is a key 
aspect of the IPR approach. Finally, the IPR 
approach provides great opportunities for 
addressing expressive social communication 
skills, with immediate feedback available within 
the treatment structure and multiple opportunities 
for modeling and role-play. 

 In Helffenstein and Wechsler’s study, 16 
individuals with “nonprogressive” brain injury 
were randomized to receive either 20 h of IPR 
treatment or 20 h of nontherapeutic attention 
[ 57 ]. Treatment for the IPR group consisted of 
20 sessions involving: (1) participation in a vid-
eotaped interaction, (2) structured review of the 
taped interaction with feedback provided by 
self, conversational partner, and therapist, (3) 
development of alternative skills, (4) modeling, 
and (5) rehearsal. At post-treatment assessment, 
those receiving IPR treatment reported signifi -
cantly reduced anxiety and improved self-
concept. More importantly, the IPR group par-
ticipants were rated to have signifi cantly greater 
improvement in specifi c interpersonal skills by 
both treating professional staff  members and 
independent observer raters who had been 
masked to treatment condition. Additionally, 
communication improvements were maintained 
at a 1-month follow-up period for a small subset 
of the study sample for whom data were available. 
Strengths of this early study included its 
 randomized  controlled design, use of independent 
outcome ratings, reliance on multiple measures to 
assess effectiveness of the intervention, and mul-
tiple methods to assess generalization of skills to 
outside- of-treatment settings. However, charac-
terization of the small study sample was limited 
as to defi nition of injury etiology and severity, a 
clear description of the  sample selection (e.g., 
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consecutive series, convenience sample), and 
details of treatment procedures for each condi-
tion. Despite these limitations, results of this 
study were encouraging, particularly given the 
positive results for interpersonal skill improve-
ments noted for the treated group by masked 
 raters in nontreatment settings. 

 While this is the only published study explor-
ing the use of IPR in addressing social communi-
cation after ABI, it is noted that this type of 
approach, or variations of this approach, are 
widely utilized in clinical settings. An ongoing 
clinical trial designed to replicate the Helffenstein 
& Wechsler [ 57 ] study with a larger, more clearly 
defi ned sample using a manualized approach to 
treatment is currently underway and may provide 
additional information about the utility of the 
IPR approach for persons with TBI [ 61 ].  

    Other Individual Interventions: 
Case Studies 
 There are a few case studies presented in the lit-
erature with fairly strong methodological rigor 
which show the impact of individually delivered 
interventions for specifi c social communication 
abilities in patients with more chronic TBI (all 
participants were greater than 18 months post- 
injury). In an early study, either feedback or self- 
monitoring procedures were provided to two 
individuals in a group setting using other- 
administered or self-administered colored light 
cues (“red” for negative and “green” for positive) 
in response to communication behaviors in a 
multiple baseline across treatment design, with 
nontreatment baseline sessions conducted prior 
to beginning the intervention [ 62 ]. Conversational 
behaviors, as rated by independent observers, 
improved to within the range of a comparison 
group of noninjured individuals for both patients 
during implementation of both feedback and 
 self- monitoring conditions showing an impact 
from the intervention; however, there was a fail-
ure to generalize to nontreatment conditions. 
This may have been due to the limited number of 
treatment sessions provided. Unfortunately, there 
was lack of further follow-up to assess mainte-
nance of treatment effects after the second set of 
treatment sessions. 

 Self-monitoring was used to learn conversa-
tional skills with female peers for two adult men 
with severe TBI [ 63 ]. The men were trained to 
count the numbers of specifi c target behaviors 
(compliments, asking others, and self-disclosure) 
that they performed when interacting with female 
peers; however, no specifi c instructions to 
increase or decrease these behaviors was pro-
vided. The study was conducted in a multiple 
baseline across behaviors design with each con-
versational behavior addressed in a different 
stage to training. Both participants in the pro-
gram showed an increase in the number of com-
pliments and “asking other” communication 
behaviors that fell within the range of communi-
cation behaviors exhibited by a noninjured com-
parison group. Decreases in self-disclosure were 
also noted for these participants, however there 
was greater variability in performance and 
 self- disclosing statements were still observed 
with greater frequency than performed for a 
social comparison group. Results were main-
tained over a 1-month follow-up period for the 
participant that had such data available. 

 Giles and colleagues showed the impact of a 
focused feedback intervention where the goals of 
treatment were to reduce verbosity and circum-
stantial speech in a 27-year-old man [ 64 ]. The 
intervention consisted of verbal instruction 
regarding the rationale for behavior change with 
an emphasis on the phrase “short answers” to cue 
concise responses. Half-hour sessions were pro-
vided 5 days per week for a 1-month period, with 
cues for “short answers” and “permission to 
think before responding” given at least twice per 
treatment session. During each session, the fol-
lowing tasks were practiced: (1) responses to 
questions for which the patient was to respond 
with 1-word answers, (2) responses to questions 
with specifi c content that would require brief 
answers, and (3) unstructured conversation. 
Verbal praise was uses as an immediate social 
reinforcement for successfully completed tasks, 
with “time out on the spot” used for failure to 
complete tasks successfully. Signifi cant main 
effects were revealed using ANOVA for single-
subject design for question type and time period 
(baseline, treatment, post-treatment), but no 
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signifi cant interactions were observed. Use of 
one-word responses to structured questions 
showed the greatest improvement and was sig-
nifi cantly better than attempts to provide brief 
responses to semi-structured questions. 
Interestingly, performance at follow-up was sig-
nifi cantly better than at baseline assessment, 
suggesting some maintenance of gains. 

 In a case series of four individuals with 
chronic TBI, Brotherton and colleagues con-
ducted a skills training program that was indi-
vidualized to target communication behaviors 
identifi ed for each participant during baseline 
assessment, with utilization of a multiple base-
line across behaviors methodology [ 65 ]. The 
skills training program was conducted in 1-h ses-
sions provided twice weekly and contained the 
following components: role-play, increasing 
understanding of the rationale for changing the 
target behaviors, modeling the correct behaviors, 
behavioral rehearsal, videotape feedback on per-
formance, and social reinforcement of correct 
behaviors. Results showed that two of the four 
participants demonstrated clear improvements 
and maintenance of improvements over a 1-year 
follow-up for motoric communication behaviors 
(e.g., posture, self-manipulation), and some 
improvements during training for verbal behav-
iors, although maintenance of such improve-
ments was limited. The other two participants 
had variable fi ndings, with no evidence of 
improvements in performance on the target 
behaviors at 1-year follow-up.   

    Group Interventions 

    Randomized Clinical Trials 
 Group interventions for treating social communi-
cation impairments following TBI are a common 
component of many post-acute rehabilitation 
programs [ 66 ]. These group interventions typi-
cally present a set of important social skills (e.g., 
greeting another person), and train clients to per-
form these skills correctly, and are likely best 
suited for therapy clients with similar rehabilita-
tion goals. The inherent advantages of group 
interventions are that there are enhanced oppor-

tunities for feedback and observation of others’ 
communication styles [ 50 ]. 

 In a more recent RCT study of a group inter-
vention for social communication functioning 
following TBI, Dahlberg and colleagues random-
ized 52 adults, ranging in age from 18 to 65 who 
were at least 1 year post-injury, to either a group 
social skills intervention or to a waitlist control 
[ 50 ]. The intervention included twelve 90-min 
group sessions offered weekly during which a 
structured curriculum was followed, with group 
size limited to eight participants per group. The 
intervention was designed to utilize co-group 
leaders from different clinical backgrounds to 
facilitate collaboration and varying perspectives; 
to emphasize self-awareness and self-assessment 
to enhance goal-setting; to use group process to 
support interactions, feedback, problem-solving 
and social support; and to focus on generalization 
of skills through involvement of a friend or  family 
member. Initial sessions addressed self- 
assessment and goal-setting; intermediate ses-
sions targeted instruction of strategies for 
communication goals, feedback, and practice of 
skills; and the latter sessions emphasized gener-
alization of skills and problem-solving. Results 
of this study revealed a signifi cantly more 
improved performance at 12-week follow-up 
evaluation on seven of ten independently rated 
communication rating scales for those in the 
treatment group as compared to the no-treatment 
group. In addition, self-ratings of social commu-
nication skill were signifi cantly improved as 
compared to controls at this time point. However, 
ratings of these abilities by signifi cant others did 
not show signifi cant group differences. In addi-
tion, group differences on secondary outcomes 
(self- or other-report measures of social integra-
tion, productivity, satisfaction with life) were not 
statistically signifi cant. Inspection of change over 
time for the combined treatment and deferred 
treatment groups revealed signifi cant improve-
ments above baseline performance on nine of ten 
independently rated communication subscales, 
self-reported social communication skills, and on 
self-, other-, and group leader-rated individual-
ized goals as measured by goal attainment scal-
ing (GAS) methodology. At 6-month follow-up 

Social Communication Interventions



220

evaluation, maintenance of gains were demon-
strated with six of ten rating scales, and self- 
reported social communication abilities, 
individualized goal performance, and satisfaction 
with life were signifi cantly better than baseline 
performance. Strengths of this study included 
randomized design, multiple social communica-
tion outcome measures, independence of both 
communication partners and communication rat-
ers for key outcome measures, analyses using 
both per-protocol data and intent-to-treat models, 
careful delineation of the participant fl ow and 
study design, and use of multiple follow-up time 
points. Limitations of this work included some-
what vague criteria for study eligibility regarding 
level of social communication impairment 
required for inclusion, missing data for the pri-
mary outcome measure for a large percentage of 
cases (25 % missing for repeated measures anal-
yses), and lack of a nontherapeutic attention con-
trol, which makes it unclear to what extent the 
treatment impacted function as compared to non-
specifi c treatment effects. However, given the 
strength of the initial fi ndings, this approach is 
described as a model within the American 
Congress of Rehabilitation Medicine Brain 
Injury-Interdisciplinary Special Interest Group’s 
(ACRM BI-ISIG) manual presenting evidenced- 
based cognitive rehabilitation interventions [ 67 ]. 

 McDonald and colleagues published fi ndings 
of a RCT for social communication intervention 
involving 39 persons with severe, chronic ABI 
[ 51 ]. These participants were randomized to 
receive a social skills training program, a social 
activity program (nontherapeutic attention con-
trol), or to a waitlist control condition. The social 
skills training program included once weekly 
sessions for 12 weeks, which included 2 h of 
manualized group component to train social 
behaviors (such as greetings, introducing self 
and other, topic selection, etc.) and 1 h of train-
ing on social perception (including emotional 
perception and understanding of social infer-
ences). In addition to the 3 h of group therapies, 
participants each received 1 h of individualized 
therapy with a clinical psychologist to address 
personally identifi ed issues such as self-esteem, 
anxiety, or depression. The social activity pro-

gram included 12 weekly 4-h sessions focused 
on group social activities, such as cooking, 
crafts, and board games. Results revealed that 
social activity alone did not lead to improved 
performance on any outcome variables as com-
pared to waitlist controls. Participants in the 
skills training group were noted to have improved 
functioning on partner- directed behaviors, spe-
cifi cally with relation to self-centered behavior 
and partner-involvement behavior as compared 
to the other groups. However, no signifi cant 
treatment effects were observed for social per-
ception or emotional adjustment outcomes, nor 
were there effects observed for self- or other-
report measures of social functioning. The 
authors concluded that social skills interventions 
produced circumscribed improvements, particu-
larly with direct measure of social behavior. The 
lack of signifi cant improvement in social percep-
tion and emotional adjustment were not entirely 
unexpected and may be due to the fact that par-
ticipants selected for study participation were 
those with social communication behavioral 
defi cits, and may or may not have had signifi cant 
diffi culties with social perception or emotional 
adjustment. Since baseline performance for 
some would fall within the normal range, the 
ability to demonstrate improvements would have 
been restricted. 

 Future studies would benefi t from employing 
selection of participants with specifi c skill dif-
fi culties (i.e., social perception impairments, 
poor emotional adjustment) to assess more 
directly the ability to improve as a result of 
treatments designed to impact these abilities. 
Despite having a fairly rigorous design, several 
limitations are noted for this study. Attrition 
rates for the study led to reduced power, which 
was further impacted as effect sizes were smaller 
than anticipated. Another issue was that authors 
utilized reassignment to treatment condition as 
some subjects were unable to attend for sched-
uling reasons the group to which they were ini-
tially randomly assigned. Given the small 
numbers, the ability to use a more conservative 
intent-to-treat methodology would have elimi-
nated any potential treatment effects, so this was 
not done.  
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    Prospective Cohort Studies 
 In addition to a more rigorous randomized clini-
cal trial methodology, several cohort studies 
examining the impact of social communication 
interventions have been published. Johnson and 
Newton conducted a prospective study of a group 
of ten individuals that participated in a group that 
met for 90 min each week over a 1-year period 
[ 68 ]. Group sessions were divided into two parts: 
the fi rst half involved the entire group meeting as 
a whole to consider a specifi c issue and the latter 
half would consist of smaller breakout groups to 
allow for more detailed individual work. Sessions 
consisted of a review of the previous meeting, 
introduction of a specifi c topic, discussion of the 
main issues, practice on specifi c issues, role-play, 
and feedback from peers and therapists. Finally, 
generalization was encouraged by developing 
social opportunities that would allow for group 
members to work on the selected skills in real- 
world social settings. Following treatment, there 
were no signifi cant group changes on measures 
of social adjustment, social performance, social 
anxiety, or self-esteem. However, categorical 
analysis revealed that while only one participant 
performed within the range of a normal social 
comparison group at pre-treatment, six individu-
als performed within this range at post-treatment 
assessment. This study had several methodologi-
cal problems, including multiple statistical tests 
with small sample size, limited generalization 
attempts, and an intervention that would likely be 
impractical for clinical use given its year-long 
involvement. 

 Wiseman-Hakes et al. conducted a group 
intervention for six adolescents with ABI, four of 
whom were less than 8 months post-TBI, one of 
whom was 8 years post-TBI, and one of whom 
had ABI of unspecifi ed etiology [ 69 ]. These six 
participants participated in an intervention of 
Sohlberg and colleagues “Improving Pragmatic 
Skills in Persons with Head Injury” [ 70 ]  modifi ed 
for use with a group. Four modules were taught: 
initiation, topic maintenance, turn-taking, and 
active listening, and each module consisted of an 
awareness phase, a practice phase, and a general-
ization phase. The intervention emphasized rep-
etition, consistency, and feedback, with peers 

providing feedback and cueing. Signifi cant 
improvements were found for ratings of prag-
matic communication skills made by indepen-
dent observers in nontreatment contexts for 
participants following treatment, and these 
improvements were maintained at 6-month 
 follow- up. Given that the majority of participants 
were less than 8 months post-injury and no con-
trol group was utilized for the study, it is unclear 
to what extent changes refl ect the effects of inter-
vention versus spontaneous recovery. 

 Braden and colleagues conducted a cohort 
study with pre–post intervention and follow-up 
assessments as a feasibility study to explore 
whether a group social communication interven-
tion that had demonstrated effectiveness in a TBI 
cohort without complications would be effective 
for a sample of persons with TBI with co-morbid 
neurological or psychiatric conditions [ 50 ,  52 ]. 
Participants were 30 individuals with TBI who 
were at least 1 year post-injury and had identifi ed 
social communication impairments. In this cohort 
using paired  t -tests, participants showed signifi -
cant improvements in self- and other-ratings of 
social communication behaviors, in goal attain-
ment scale achievement, and in self-reported sat-
isfaction with life. Gains on behavioral rating 
measures of social communication did not reach 
statistical signifi cance, nor did measures of 
awareness or social participation. This study sug-
gests the potential for social communication 
interventions to be used in a broader population 
of persons with TBI and warrants further 
investigation.   

    Interventions Focused on Receptive 
Communication Abilities 

 Until fairly recently, receptive communication 
skills had not been specifi cally addressed as 
 primary targets of intervention for persons with 
TBI. However, in the past several years, there has 
been signifi cantly increased interest is social cog-
nition and TBI, with studies exploring assess-
ment, neuroimaging, and intervention approaches 
related to emotion processing and theory of mind 
abilities [ 48 ,  53 ,  54 ]. Since accurate perception 
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of social interactions is necessary for the success-
ful execution of socially skilled behavior, inter-
ventions that could improve these abilities in 
real-world contexts would be critical to enhanc-
ing social communication abilities. 

 In an initial study, Bornhofen and McDonald 
found signifi cant improvements for persons with 
TBI in several areas of emotion perception after 
completing an 8-week program designed to 
increase accuracy of judgment for facial expres-
sion, voice tone, and body language [ 53 ]. After 
treatment, improvements were found in the per-
ception of basic emotions as well as the ability to 
understand conversational inferences conveyed 
by nonverbal cues. Strategies used included 
errorless learning and self-instructional training. 

 In a follow-up study, these authors attempted 
to compare the effectiveness of errorless learning 
and self-instructional training approaches to 
improve emotion perception for persons with 
TBI [ 54 ]. Participants were 18 adults with severe 
TBI who were at least 5 months post-injury and 
performed at least two standard deviations below 
the norms on any emotion perception measure at 
baseline. The study employed random assign-
ment to allocate participants to either an errorless 
learning (EL) approach, a self-instructional train-
ing (SIT) approach, or a deferred treatment con-
trol condition. Training for both active treatment 
conditions consisted of manualized programs of 
weekly 2.5-h treatment sessions over a 10-week 
period, for a total of 25 h of therapy. Treatment 
was provided in small groups of two to three par-
ticipants per session. Participants completed 
baseline assessments of cognition, emotion per-
ception for static images, emotion perception for 
dynamic images, and assessment of higher order 
social inference making. One week after comple-
tion of treatment, the same instruments were 
administered in counterbalanced order and self- 
report measures of psychosocial functioning 
were also completed. Results of the study showed 
that both treatment groups had modest improve-
ments in emotion perception abilities after treat-
ment. There was some indication that 
self-instructional training methods may have 
been slightly favorable to errorless learning, 
however, with small sample sizes it is diffi cult to 

demonstrate differences. Interestingly, the 
authors noted changes in relatives’ report of emo-
tion perception performance to be changed in 
only a few cases, despite the fact that anecdotal 
reports of social performance change refl ected 
signifi cant improvements in daily functioning. 
The authors suggested that available instruments 
may have inherent insensitivity to relatively sub-
tle and nuanced changes evidenced in partici-
pants after this type of intervention, which may 
impact social interactions in a signifi cant way. 
This concern regarding sensitivity of measure-
ment for outcomes for social communication 
interventions is a substantial challenge in this 
area of clinical work and research. 

 Radice-Neumann and colleagues conducted a 
randomized trial to evaluate the effectiveness of 
two methods of training to address emotion- 
processing defi cits after ABI, facial affect recog-
nition training and stories of emotional inference 
training [ 71 ]. Facial affect recognition training 
involved feedback and vanishing cues highlight-
ing various facial features involved with emo-
tional expression, in addition to education 
regarding physical and physiological changes 
associated with various emotions. Stories of 
emotional inference training involved short sto-
ries where participants were asked to identify 
emotion experienced or expressed by story char-
acters. Participants were then queried to associ-
ate these emotional expressions with similar 
events from their own personal lives that led to 
these emotions and to focus on how such emo-
tions were experienced. Participants were 19 
individuals with ABI who were at least 1 year 
post-injury. All but two of the participants had 
traumatic brain injuries. Participants completed 
measures of emotional inference, perception of 
facial affect and prosody, and affect recognition 
from dynamic cues. Interventions were delivered 
in 1-h sessions on a thrice-weekly basis in six to 
nine sessions. Results of this preliminary study 
showed that those trained on facial affect had 
modest improvements in emotion recognition 
from faces, the ability to infer emotions from 
context, and in their own socioemotional behav-
ior. Those trained with stories of emotional infer-
ence showed an increased ability to report how 
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they would feel in given social situations. Overall, 
these were modest fi ndings, but do indicate that 
persons with chronic TBI can improve in these 
skills, at least immediately after training and in 
similar contexts to the training situation. It is 
unclear to what extent these abilities might be 
generalized to nontreatment settings or how well 
changes might be maintained. However, these 
preliminary efforts warrant further exploration 
and research.  

    Interventions Focused on 
Communication Partners 

 More recently, interventions that target the com-
munication partners of persons with TBI have 
been developed and evaluated with a focus on 
addressing the context of communication to 
enhance success of the social interaction. Rather 
than focusing exclusively on the person with 
TBI, these interventions in a sense attempt to 
modify the environment in which interactions 
take place. Training of communication partners 
has been shown to have a positive impact on 
communication effectiveness in other popula-
tions [ 72 ,  73 ]. Given some of the inherent limita-
tions in training persons with TBI, the alternative 
of modifying the context in which interactions 
occur is consistent with a broader emphasis on 
participation in the social network [ 74 ]. These 
programs recognize that people with communi-
cation problems after TBI have fundamental 
social competencies that can be facilitated by the 
communication partner [ 54 ]. Such programs also 
recognize that addressing both the person with 
TBI and the communication partners as “clients” 
with potential to change resultant interactions 
may lead to shortened lengths of stay and provid-
ing a bridge to community living that is more 
 sustainable. The following studies either directly 
or indirectly attempt to shape communication 
 interaction through interventions aimed at the 
 communication partners of persons with TBI. 

 Togher and colleagues attempted one of the 
fi rst studies to train communication partners as 
the focus of treatment for communication effec-

tiveness in a program designed to improve the 
interactions of persons with TBI with police offi -
cers during service encounters [ 55 ]. In    this study, 
20 police offi cers were randomly assigned to 
receive either a 6-week 2-h per week training 
program focused on communication strategies 
training or standard baton and weapons training. 
Specifi c targets for communication training were 
based on the offi cers’ performance during phone 
interactions with persons with TBI conducted at 
baseline. These targets included: diffi culty estab-
lishing the nature of the service request, failing to 
stop participants with TBI from straying on to 
tangential topics, and diffi culty closing the call. 
Training involved increased awareness of the 
offi cers with regard to these problems. Offi cers 
were trained to systematically consider the way 
they make language choices during service 
encounter interactions and included both didactic 
and role-play elements. Each session involved 
viewing of a videotape of a person with TBI. 
Offi cers focused on how they might interact in 
each case, generated specifi c communication 
strategies, and eventually engaged in practice 
conversations with persons with TBI. Results of 
this trial showed that trained police offi cers were 
able to learn communication strategies and post- 
training calls were rated as more effi cient and 
focused. Furthermore, persons with TBI engag-
ing with trained offi cers were noted to improve 
their communication as well, with reduced epi-
sodes of unrelated speech and an increased pro-
portion of the interaction focusing on completing 
the service encounter, which appeared to be 
related to communication options given by offi -
cers. This initial trial shows the potential benefi t 
of focused training on communication partners to 
improve social communication for persons with 
TBI, as well as improving the key goal of 
increased social participation. 

 A more recent study by Behn et al. explored 
the effectiveness of a communication training 
program for paid caregivers of persons with TBI, 
with the goal of training caregivers to support 
increasing social interaction effectiveness for 
persons with TBI [ 56 ]. In this study, ten paid 
caregivers in a residential post-acute brain injury 
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rehabilitation program were randomly assigned 
to receive either a 17-h 8-week training program 
or no training. The training program consisted of 
an adaptation of a program for communication 
partners of people with TBI and focused on posi-
tive communication through collaboration and 
elaboration of conversational strategies [ 10 ]. 
Results of this trial revealed that conversations of 
persons with TBI and their caregivers were rated 
as more appropriate, interesting, and rewarding 
for those in the treatment group as compared 
with controls. Additionally, trained caregivers 
showed an increase in their acknowledgement 
and awareness of the competencies of persons 
with TBI. It was noted, however, that improve-
ments were restricted to structured conversations. 
However, at 6-month follow-up improvements 
were maintained for those in the treatment group. 
It is noted that this study was conducted in a resi-
dential long-term care facility, and it would be 
interesting to apply these methods to caregivers 
in the larger community to explore effectiveness 
of these strategies in home and community 
settings. 

 A number of other studies exploring interven-
tions with communication partners of persons 
with TBI are ongoing and this avenue of research 
and clinical intervention holds considerable 
promise, as either a stand-alone or adjunct ser-
vice to more typical social communication inter-
ventions. There have been studies examining 
training co-workers to assist with return-to-work 
for persons with TBI [ 75 ] and use of peer men-
tors to enhance social participation [ 76 ]. It would 
seem possible that such interventions, which 
involve situational coaching or changing the con-
text of social interactions would be useful strate-
gies to pursue and are consistent with current 
emphasis on context as a determinant of health 
and disability outcomes [ 74 ].   

    Case Illustration 

 The following brief case illustration highlights 
some of the typical social communication diffi -
culties that occur after TBI, along with descrip-

tion of assessment results and implementation of 
specifi c interventions. 

  Case N.W. : A 24-year-old man was referred for 
rehabilitation services after sustaining a severe 
TBI, which had occurred 18 months previously, 
with a goal of returning to work. Mr. N.W. had a 
history of right frontal contusion as a result of his 
TBI, and was observed to provide lengthy 
responses to questions, to dominate the conversa-
tion, to have diffi culty staying on-topic in conver-
sation, and to introduce topics that were overly 
personal and inappropriate to the context. In 
addition, N.W. tended to stand too close to others 
when speaking and held eye contact for periods 
that exceeded typical social custom. In a situa-
tional work assessment, these behaviors were 
described by other volunteers as contributing to 
some discomfort in interacting with N.W. 

 Results of neuropsychological testing revealed 
moderate impairments in attention and executive 
functioning, with mild to moderate impairments 
noted for verbal learning and memory. His per-
formance was notable for diffi culties with sus-
tained attention, set-shifting, and multiple 
intrusion errors. Other than problems on verbal 
fl uency tasks, N.W.’s performance on measures 
of language functioning were within normal lim-
its. Additional measures focusing specifi cally on 
social communication, including self- and other- 
report rating scales of social communication 
revealed self-reported diffi culties with conversa-
tional fl ow and partner sensitivity problems, 
although family report of the same behaviors 
revealed signifi cantly more diffi culty and greater 
severity of impact of various communication 
behaviors. This suggests that impaired self- 
awareness likely impacted performance as well 
and would need to be addressed in interventions. 
Similar fi ndings with regard to communication 
were identifi ed using behavioral rating scales of 
social communication behavior utilized to rate 
videotaped semi-structured interactions    (“getting 
to know you” conversation with therapist in 
clinic, videotape of performance on a work trial 
situational assessment [volunteering at a food 
bank with therapist’s supervision]). 
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 Goals for social communication intervention 
were identifi ed based on these clinical data, on 
N.W.’s stated goals, and on input from N.W., his 
family members, and the treatment team. Given 
the importance of his overall goal of returning to 
competitive employment, a decision was made to 
focus initially on communication behaviors that 
were interfering most with his ability to function 
in the workplace setting. Therefore, the goals of 
intervention included: (1) Improving nonverbal 
aspects of communication through decreasing 
eye contact and increasing awareness of physical 
distance with communication partners, (2) 
Developing a repertoire of conversational topics 
that would be appropriate given the context of a 
work environment, and (3) Increasing focus on 
concise responses. 

 An IPR approach to treatment was used with 
initial sessions focused primarily on the goal of 
improving N.W.’s nonverbal communication 
skills. Interactions in naturalistic environments 
(talking with a supervisor at a volunteer site, 
interacting with fellow volunteers during a work 
break) were videotaped for each treatment ses-
sion and then the videotape was immediately pro-
cessed by the client, the job coach, and the 
therapist. The initial session focused on increas-
ing awareness of both problem behaviors and 
responses related to these behaviors received 
from communication partners. In viewing the ini-
tial videotape, N.W. was able to observe that he 
was standing pretty close to the job coach, and 
noted that she was stepping backwards and 
seemed uncomfortable. The job coach shared 
with the client that his close proximity along with 
extended eye contact made her feel uncomfort-
able, and that she perceived this behavior as 
somewhat aggressive. N.W. was surprised at this 
response and stated that he did not realize he was 
staring at her. The therapist then asked the client 
to recall if he had received any feedback before 
about these behaviors. N.W. reported that he had 
had some negative reactions from women in the 
community, but was not really aware of the rea-
sons for such reaction. The therapist and job 
coach modeled nonverbal behaviors that would 
likely contribute to greater communication suc-
cess in the workplace setting and those that would 

likely be problematic focusing specifi cally on 
personal distance and eye contact. The therapist 
then encouraged N.W. to generate strategies that 
might address issues related to eye contact and 
personal space. N.W. suggested imagining that 
he should try to stand at least one arm-length 
away from the person to whom he was speaking. 
This was then the subject of role-play, in which 
the client was asked to exit the room and then 
enter to have a conversation with the job coach, 
focusing on maintaining an arms-length distance 
from her during interactions. The job coach 
engaged pleasantly with N.W. when he was at a 
comfortable distance, but was asked to make an 
exaggerated step backwards if her personal space 
was encroached upon. With regard to eye contact, 
it was suggested that N.W. try to look slightly 
away from his communication partner after every 
few seconds. Initially, he mentally counted 
slowly to fi ve before looking away and then 
returning gaze. This was also rehearsed during 
clinical sessions. The job coach was to indicate 
by touching the corner of her eye if eye contact 
was maintained at an uncomfortable duration. 
N.W. was given homework after his initial ses-
sion to attend to social distances with focus on 
his arm-length spacing with communication 
 partners, as well as practice reducing staring 
through practice with regular gaze shifts at fi ve-
count intervals. This homework was discussed 
with N.W. and with his family, so that support 
could be provided for practice in community set-
tings. N.W. responded very well to this interven-
tion and issues with proximity to communication 
partners improved dramatically after the initial 
session. Issues with prolonged eye contact 
improved gradually, and after several sessions, 
were rated as occurring infrequently in the work 
setting (once per 3-h shift, compared with an 
average of 5–6 times per shift at outset). 

 The other primary communication goals were 
addressed in a similar fashion with initial focus 
on increasing awareness of communication 
issues, discussion of communication behaviors 
that would likely lead to more success in work-
place settings, generation of strategies to address 
the specifi c communication goal, modeling of 
skills, role-play and rehearsal, and then practicing 
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of skills via homework assignments. Role- play 
and homework practice emphasized performance 
of behaviors in appropriate context (e.g., work-
place setting) to facilitate transfer of skills to 
community setting. Although N.W. continued to 
display some problematic communication behav-
iors at the conclusion of the interventions (e.g., 
occasional staring, occasional lengthy discourse), 
his communication behaviors improved to the 
point that he was able to successfully complete a 
job trial with good overall feedback from his 
supervisor, his job coach, and co-workers. This 
ultimately helped facilitate his ability to attain a 
competitive employment position.  

    Summary and Future Directions 

 Results of the studies that have examined effec-
tiveness of interventions to address social com-
munication diffi culties after TBI suggest that 
there are signifi cant impacts of these efforts, 
although the evidence base is limited to date. 
A variety of interventions and intervention 
approaches have shown effects on social commu-
nication performance, with some evidence indi-
cating generalization of skills to nontreatment 
settings (maintenance of gain at follow-up, 
improved ratings of performance in nontreatment 
situations). However, there is much to learn in 
this area of clinical intervention and research. 

 Increased understanding of specifi c social 
communicative skills encompassing receptive, 
processing, and expressive abilities would pro-
vide an important foundation for the selection 
and matching of intervention to clinical issue. 
Improving our conceptualization of how underly-
ing cognitive and behavioral constructs impact 
social communication abilities would also assist 
in developing and targeting intervention skills. 
Awareness of the infl uence that environmental 
factors, including skills of the communication 
partner, may have on social interactive 
 competence for persons with TBI is a relatively 
understudied area within the fi eld and may yield 
insights that would be fruitful for intervention. 

 As has been described in previous reviews of 
the social communication intervention literature 

in TBI, research in this area is in its early stages 
[ 11 ,  49 ]. This contrasts with the large body of lit-
erature exploring application of social skills 
interventions in other disability populations. 
There are several reasons that likely explain why 
a limited number of studies that have addressed 
this important area of neuropsychological inter-
vention have been conducted. Studies to evaluate 
social communication interventions after TBI are 
inherently very challenging to conduct. TBI is 
known to involve signifi cant heterogeneity with 
regard to injury severity, localization of injury, 
and other factors, which results in variable 
impacts on social communication and interper-
sonal skill functioning. The heterogeneity of pre- 
injury social skill performance amongst persons 
with TBI also introduces great variability and 
makes evaluation of injury-related change diffi -
cult to assess and likelihood of response to treat-
ment highly variable. Further work to identify 
specifi c profi les or subtypes of communication 
impairment would lend itself to development and 
implementation of more targeted interventions, 
which may have greater impact in modifying 
communication behaviors. 

 In order to address some of these gaps in our 
current understanding, an increased focus on 
improving our assessment approaches through 
validation of measurement tools to assess aspects 
of social communication, as well as outlining 
recommended approaches to the comprehensive 
assessment of abilities relevant to social commu-
nication competence would be very valuable. 
Measurement instruments and approaches that 
evaluate receptive, processing, and expressive 
aspects of social communication competence are 
needed, and consideration of these various 
aspects of communication skill should be evalu-
ated prior to the beginning of treatment ideally. 
Assessment approaches might include: informal 
behavioral observation, use of more formal 
behavioral rating scales applied to communication 
samples, self- and other-report instruments, 
 specifi c behavioral measures (facial affect recog-
nition, tests of social inference, social problem- 
solving), and general neurocognitive assessment. 
One approach that is likely to be highly useful in 
measuring effectiveness of social communication 
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interventions would be the inclusion of GAS 
methodologies [ 77 ]. While traditional standard-
ized measures include a standard set of items 
rated on a standard level, GAS involves individu-
ally identifi ed tasks to address specifi c patient 
goals, with levels being individually set around 
their current and expected levels of performance. 
This method consists of a priori establishment of 
criteria for a successful outcome, which is agreed 
upon by the person with TBI and the family, such 
that all have a realistic expectation of what is 
likely to be achieved and agree that the specifi c 
goals are of value. Each goal is rated on a 5-point 
scale, with the degree of attainment captured for 
each goal area, which allows for evaluation of 
change in target behaviors after delivery of an 
intervention. This approach has already been used 
in several social communication intervention tri-
als to date [ 50 ,  52 ]. The advantages of this 
approach are that it avoids some of the issues 
inherent with standardized measures, including 
problems with fl oor and ceiling effects and lack of 
sensitivity to change, whereby signifi cant changes 
in one or more items on a larger scale are lost in 
the overall summary scores [ 77 ]. While these are 
advantages of the GAS approach, this method 
does not allow for normative comparisons. Likely 
a combination of measurement methods would 
yield the best combination of sensitivity and gen-
eralizability of results. 

 Greater specifi cation of the social communi-
cation issues that are the focus of intervention 
and improved measurement of outcomes would 
assist in advancing the fi eld. Additionally, con-
sideration of the focus of the interventions them-
selves is an area for continued growth and 
development. While typical social skills interven-
tions are based on the notion that individuals 
requiring such training suffer from a lack of 
knowledge about social rules and customs, want 
to change their behavior, and can adapt skills 
learned in the training environment to community 
settings, the applicability of these  assumptions to 
many persons with TBI is not clear. Persons with 
TBI are likely to have had adequate knowledge of 
social norms and routines, with impairments in 
social skills functioning refl ecting a more acute 
change of ability consequent with injury to the 

brain. Therefore, training focused on teaching 
social customs and norms, which is often a com-
ponent of typical social skills training approaches 
with other populations, may be less pertinent. For 
some persons with TBI, where injury has affected 
frontal systems and involves impaired self-aware-
ness, there may be a lack of motivation to change 
social communication behaviors. Finally cogni-
tive impairments, such as impaired learning and 
self-regulatory abilities may interfere with the 
ability to transfer or apply skills to the individu-
al’s real-world environment. Consideration of 
these factors suggests that while specifi c aspects 
of communication skills training may be appro-
priate, the targets of interventions should be 
matched to the areas of diffi culty. Furthermore, 
contextualized training must always be a major 
aspect of training to facilitate transfer of trained 
skills to community functioning. 

 Ylvisaker and colleagues outlined several 
clinical implications based on the available 
research evidence in the fi eld of social commu-
nication interventions in TBI and the extensive 
body of social skills research conducted with 
other populations [ 12 ]. These    authors identifi ed 
interventions and supports as clinically sup-
ported by the current research, which are 
summarized here:
•    Using a person-centered approach to goal- 

setting, such that the focus is on social success 
and achievement of personal aims, rather than 
a more punitive view where an authority fi g-
ure outlines behavior that is deemed “socially 
appropriate” or “social inappropriate.”  

•   Enhancing focus on educating everyday com-
munication partners in specifi c social compe-
tence issues so that they can interact 
supportively and will not misinterpret social 
behavior resulting from the brain injury- 
related diffi culties of individuals with TBI, 
such as poor initiation, impulsivity, and mis-
reading of social cues.  

•   Providing extensive practice in performance 
of specifi c social communication behaviors as 
they relate to natural contexts, with experience 
of natural and logical consequences of suc-
cessful performance. Use of videotaped role- 
play, feedback, and self-modeling provided as 
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supplemental training experiences that can 
facilitate such practice.  

•   Using context-specifi c training for highly spe-
cifi c social communication behaviors that are 
highly valued by the person with TBI.  

•   Providing situational coaching with use of 
cueing to prevent problem social behaviors 
from occurring.  

•   Providing situational training to improve 
social perception by direction to nonverbal 
cues and context to facilitate interpretation of 
others’ behaviors.  

•   Providing situational training that is targeted 
at improving self-monitoring of stress levels, 
such that individuals can either remove them-
selves from stressful situation or takes steps to 
reduce their stress levels to facilitate socially 
competent behaviors.  

•   Supplementing social skills interventions 
with counseling to help individuals develop a 
satisfying sense of self, which includes 
 positive social interactive competence as a 
component.    
 These recommendations underscore the vital 

importance of context in addressing social com-
munication behavior. In these recommendations, 
context is addressed through the type of behav-
ioral targets recommended, to the settings in 
which interventions are provided, and to the 
focus of the treatment itself, which is inclusive 
of communication partners as well as persons 
with TBI. In addition, these recommendations 
allude to intervening not only with social skill 
behaviors, but also with a focus on social percep-
tive abilities. 

 To these suggestions, there are several recom-
mendations that should be added:
•    Improving specifi cation of target social com-

munication behaviors through comprehensive 
assessment of social and cognitive abilities 
would allow for a more targeted intervention 
approach.  

•   Identifying outcomes assessment instruments 
and strategies (such as GAS methodologies, 
structured behavioral ratings) that are most 
sensitive to social communication behavior 
changes would enhance the evidence base.  

•   Increasing understanding of which individuals 

benefi t best from specifi c interventions 
through increased knowledge about how indi-
vidual and environmental characteristics con-
tribute to social communication behaviors 
after TBI would be useful in developing tar-
geted interventions.  

•   Including both specifi c social-skills training 
that is contextually applied  and  direct attempts 
at intervening with the individual’s environ-
ment (e.g., training communication partners, 
structuring work setting to facilitate successful 
social interactions) as part of the model of care.  

•   Studies that evaluate the effectiveness of inter-
ventions that target social communicative 
abilities should measure trained skills at post- 
treatment intervals, but should also include 
generalization probes, including assessment 
of maintenance of gains and social skills per-
formance in community settings.    
 The current evidence base for interventions 

focused on social communication after TBI sup-
ports use of such treatments in clinical practice 
for this population. However, there continues to 
be a strong need to increase our understanding of 
social communication abilities and how best to 
link specifi c interventions to specifi c communi-
cation profi les. Although inquiry into social com-
munication interventions after TBI is still in its 
infancy, there has been considerable growth in 
research in this area, including clinical trials of 
social skills training, investigations of social cog-
nition, investigations of the impact of environ-
mental factors on social interactive skill, and 
exploring interventions aimed at communication 
partners to facilitate communicative competence. 
Given the critical importance of social compe-
tence to successful community participation for 
persons with TBI, it is encouraging that this area 
of clinical practice is gaining attention. It is 
hoped that this increased focus on broad aspects 
of research related to social communication abil-
ities will lead to clearer practice guidelines in the 
future.     
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    Abstract  

  Persons with neurologic disorders often show impaired ability to 
 accurately perceive the effects of their disorders on their physical, cogni-
tive, and behavioral abilities. For conditions that have a sudden onset 
such as stroke or traumatic brain injury (TBI) the degree of impairment of 
this ability is greatest early after onset so that, for example, soon after 
right hemisphere stroke, the person with stroke may not perceive motor 
impairment on the left side of the body, but gradually becomes more 
aware of this impairment as he/she recovers. For progressive conditions 
such as the various dementias, the degree of impairment of self-aware-
ness worsens as the condition progresses so that a person with Alzheimer’s 
disease may be aware of subtle memory impairment in early stages of the 
disease, but unaware of very severe memory impairment once the disease 
has progressed. In either case, the perception of impairment is least when 
the actual impairment is greatest and greatest when the actual impairment 
is least. 

 Impaired self-appraisal of functioning is referred to as anosognosia in 
conditions such as the neglect syndrome after right hemisphere stroke or 
Anton’s syndrome (unawareness of cortical blindness) after bilateral 
posterior cerebral artery strokes where the lack of awareness may be 
complete. In TBI, this condition is simply called impaired self-aware-
ness (ISA) as persons with injury usually have some awareness of their 
defi cits once they recover from the confused state (post-traumatic 
amnesia). 
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 For persons with TBI, severity of ISA is greatest in early recovery. By 
defi nition, patients in coma or the vegetative state have no self-awareness. 
Though not directly assessed, minimally conscious patients are assumed 
to have extremely limited self-awareness. Once patients recover to the 
confused state, they remain with very severe impairment of self-aware-
ness. Often after resolution of confusion, patients may deny that they 
have sustained TBI at all and deny any residual effects of the injury. Even 
when acknowledging injury, we have seen patients insist that their cogni-
tive abilities after severe TBI are much better than they were prior to 
sustaining TBI. Patients who are unable to walk safely may attempt to 
remove restraints to leave their beds or wheelchairs to go to the toilet or 
simply to attempt to leave the room. Patients may refuse therapies 
because they do not believe that they have impairments that need to be 
treated. In the post-acute period of recovery, patients may attempt to 
drive in spite of motor and sensory defi cits or pursue employment or 
independence goals that are at odds with their current functional limita-
tions. To ensure patient safety, compliance with needed therapies, and 
the best possible outcomes for patients, neuropsychologists and others 
treating persons with TBI must assess and, when needed, provide treat-
ment for defi cits in self-awareness. 

 This chapter will: (1) review the nature of ISA after TBI and describe 
its impact on rehabilitation therapies and patient outcome, (2) describe 
approaches to assessment of ISA, (3) review the literature on interven-
tions to improve self-awareness in persons with TBI, and (4) provide 
practical guidance illustrated with clinical cases for intervening with 
patients with ISA.  

  Keywords  

  Self-awareness   •   Metacognition   •   Traumatic brain injury   •   Assessment   • 
  Rehabilitation   •   Intervention   •   Psychology   •   Adjustment  

        Impaired Self-Awareness After 
Traumatic Brain Injury 

    Incidence and Course of Recovery 

 All persons with moderate or severe traumatic 
brain injury (TBI) have impaired self-awareness 
(ISA) early after injury while confused. The 
 confused state which is characterized by disori-
entation, cognitive impairment, restlessness, fl uc-
tuation in cognitive and other neurobehavioral 
functions, and other defi cits    [ 1 ] is not compatible 
with the ability to form accurate self-perceptions. 

Even after resolution of confusion, a number of 
studies have shown that patients in early recovery 
from TBI rate themselves as having less impair-
ment than do treating clinicians or family mem-
bers/signifi cant others indicating some degree of 
ISA [ 2 – 4 ]. In a mixed sample of patients with 
TBI and aneurysm rupture, 97 % rated them-
selves as less impaired than they were rated by 
treating clinicians [ 5 ]. Remarkably, over 25 % of 
persons in early recovery from moderate and 
severe TBI actually rate themselves as having 
better cognitive and other neurobehavioral skills 
than they did prior to their injuries, clearly indi-
cating substantial ISA [ 4 ]. 
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 Severity of ISA varies by the area assessed. 
Studies consistently show greater ISA for cogni-
tive and behavioral functioning as compared to 
physical functioning [ 3 ,  6 ]. Overall degree of ISA 
is associated with injury severity so that persons 
with more severe injuries have greater ISA [ 4 ]. 

 As for other neurobehavioral defi cits, ISA 
shows a recovering course [ 2 ,  7 ]. In a study of 
123 persons with moderate and severe TBI who 
were assessed an average of 45 days post-injury 
and again at 1 year post-injury, Hart and col-
leagues [ 8 ] found signifi cant improvement over 
time for overall self-awareness as well as aware-
ness for cognitive and behavior/affective func-
tioning. Awareness for motor/sensory functioning 
did not improve over this time interval, but 
unawareness in this area was minimal at baseline 
assessment. In spite of the improvement over 
time, persons with injury still rated themselves as 
less impaired at 1 year post-injury than did care-
givers for overall functioning, cognitive function-
ing, and behavioral affective functioning. Patients 
selected for treatment in post-acute community 
integration programs may be especially likely to 
have signifi cant ISA as persons with relatively 
mild cognitive impairment but who are having 
poor outcomes due to ISA may be attractive can-
didates for such programs. In a study of 66 per-
sons with TBI treated in a post-acute community 
integration program, Sherer and colleagues [ 3 ] 
found that 97 % had some degree of impairment 
of self-awareness.  

    Neural Substrate 

 Investigation of self-refl ection in non-injured 
 persons has indicated that the anterior medial pre-
frontal cortex and the posterior cingulate have 
increased activation during tasks requiring self- 
awareness [ 9 ]. In an fMRI study comparing typi-
cally developing adolescents to adolescents with 
TBI, Newsome and colleagues [ 10 ] found that 
injured adolescents showed greater activation of 
more posterior brain areas such as the cuneus, lin-
gual gyrus, and parahyppocampal gyrus when per-
forming a task requiring judgments about the self. 

While injured adolescents did not show greater 
activation of the anterior medial prefrontal 
 cortex, they did show increased activation of 
 posterior cingulate white matter. The authors 
interpreted these fi ndings as indicating that dis-
ruption of prefrontal connectivity resulted in 
greater dependence on posterior regions for this 
task. This interpretation is  consistent with the 
notion that self-awareness depends on a wide-
spread neural network requiring integration of 
multiple brain areas. Diffuse axonal injury 
(DAI) is a key aspect of the neuropathology of 
TBI [ 11 ]. Widespread DAI results in partial dis-
connection of key cortical regions that normally 
function in an integrated manner to support 
complex neurobehavioral functions. Thus, it is 
to be expected that many persons with injury 
will show ISA even if they do not have focal con-
tusions to areas such as the medial  prefrontal and 
posterior cingulated cortices that are primarily 
responsible for self-awareness. Preliminary evi-
dence [ 12 ] indicates that DAI is a key fi nding in 
injured persons with ISA.  

    Association with Cognitive 
Impairment and Other 
Neurobehavioral Defi cits 

 As noted above, severity of ISA is associated 
with overall TBI injury severity and thus ISA 
tends to be associated with other neurobehavioral 
defi cits. While fi ndings are inconsistent, there is 
some evidence that persons with greater overall 
cognitive impairment have greater ISA after TBI 
[ 13 ]. Based on the importance of frontal brain 
regions for self-awareness, there has been inter-
est in the association between ISA and executive 
function defi cits. Findings have also been some-
what inconsistent in this arena, but investigations 
have generally found a positive association 
between degree of executive function defi cit and 
degree of ISA [ 14 ]. 

 There is growing evidence of a particular 
association of ISA with defi cits in social cogni-
tion after TBI. Social cognition is the ability to 
understand the behavior of others and react 
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appropriately in social situations [ 15 ]. As with 
ISA, impairments of social cognition have been 
associated with medial prefrontal lesions, cingu-
late lesions, and white matter lesions [ 16 ]. Also, 
as with ISA, there is some evidence that social 
cognition abilities are associated with execution 
functions [ 17 ]. Based on these fi ndings, an asso-
ciation between ISA and social cognition is 
expected. Indeed, self-awareness of some attri-
butes such as social skills and attractiveness only 
has meaning in a social context. An investigation 
of ISA and social cognition found that persons 
with greater impairment of social cognition 
showed greater impairment of self-awareness 
[ 18 ]. This fi nding suggests that impaired ability 
to judge the emotions and thoughts of others may 
deprive persons with injury of important feed-
back needed to form accurate judgments of their 
abilities and their social impact on others. Family 
members and friends often label the changes in 
social interaction style due to ISA and impaired 
social cognition as personality change.  

    Impact on Rehabilitation 
and Functional Outcome 

 Much of the interest in ISA after TBI is driven by 
the impact that ISA has on the rehabilitation pro-
cess and long-term rehabilitation outcomes. For 
persons in early recovery from TBI, the key 
impact of ISA is decreased compliance with 
treatment and failure to observe safety precau-
tions [ 19 ]. In addition, patients with more severe 
ISA require a greater intensity of service, and, 
thus, greater cost to achieve outcomes similar to 
patients with less severe ISA [ 20 ]. 

 ISA has been associated with increased dis-
tress for caregivers of persons with TBI [ 21 ]. 
Since many persons with moderate and severe 
TBI will have an increased need for caregiver 
support for an extended period, if not perma-
nently, after injury, preservation of caregiver 
mental health is a key issue. Caregiver burnout 
poses a threat to quality of life and community 
integration for persons with TBI [ 22 ]. 

 Of greatest concern, patients with high levels 
of ISA have been shown to have poor functional 
outcomes. Sherer and colleagues [ 4 ] showed that 

at discharge from inpatient rehabilitation at a 
median of 42 days post-injury, patients with high 
ISA had only half the odds of having a favorable 
outcome as patients with more accurate self- 
awareness. This relationship obtained even after 
adjustment for age, years of education, injury 
severity, and functional status at admission for 
rehabilitation. Additional analysis of these data 
[ 23 ] indicated that while virtually every patient 
showed some degree of ISA, low levels of ISA 
were not associated with increased risk of poor 
outcome. With regard to long-term community 
integration outcomes after TBI, Sherer and col-
leagues [ 24 ] found that, at about 2.5 years post- 
injury, patients with high ISA had only one 
quarter the odds of being employed as those with 
more accurate self-awareness. These results 
obtained even after adjustment for injury sever-
ity, time since injury, degree of cognitive impair-
ment, and pre-injury employment status. It 
should be noted that participants in this study 
were clients in a post-acute brain injury rehabili-
tation program and, due to admission criteria for 
such programs, the degree to which this fi nding 
would generalize to the larger population of per-
sons with TBI is not known.   

    Measurement of ISA 

    General Approaches 

 By pure defi nition, self-awareness is a diffi cult 
cognitive function to measure in the individual 
patient due to its subjective nature. Measurement 
involves evaluating the extent to which an indi-
vidual is able to objectively recognize limitations 
arising from TBI while at the same time appreci-
ating their subjective signifi cance [ 25 ]. Rather 
than being assessed directly, the level of impair-
ment of self-awareness must be inferred from 
either the patient’s self-report of his/her abilities 
and limitations, or from observation of some 
aspect of his/her behavior [ 26 ]. 

 A distinction can be made between methods 
best suited to assessing different components of 
self-awareness. Metacognitive/intellectual aware-
ness lends itself to assessment by knowledge- 
based methods such as questionnaires or interviews, 
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and on-line awareness (emergent/anticipatory 
awareness) is more appropriately assessed by 
 performance-based methods [ 27 ]. On-line 
awareness (i.e., the ability to monitor and modify 
behavior during actual performance) is best 
assessed by observation of task performance, for 
example counting the number of self-corrected 
errors. A number of authors have reviewed the 
topic of assessment of self- awareness in neuro-
logical rehabilitation [ 26 – 29 ] and have broadly 
identifi ed three main approaches to assessment: 
These are the discrepancy method, clinical rat-
ings, and observation of behavior on functional 
activities. Each of these approaches to the mea-
surement of ISA is described below.  

    Discrepancy Method 

 Metacognitive awareness or self-knowledge is 
most commonly measured by comparing the 
patient’s self-report of his or her perceived func-
tional abilities with the report or opinion of 
another, presumably more objective, source of 
information. This informant may be a signifi cant 
other, such as a close relative or friend, or may be 
a therapist or staff member. Self-ratings of per-
formance may also be compared with actual 
 performance or test results. The most common 
method is to calculate the discrepancy between 
the patient’s self-ratings and the informant’s rat-
ings on a questionnaire to give an indication of 
the direction and magnitude of self-awareness 
impairment. For example, when the informant 
score is subtracted from the patient score, a posi-
tive discrepancy score indicates that the patient 
overestimates his or her level of ability compared 
to the informant, or has an impairment of self- 
awareness. A zero or near zero discrepancy score 
indicates no impairment of self-awareness, and a 
negative score indicates the patient underesti-
mates his or her level of ability compared to 
informants. 

 The fi rst self-awareness questionnaire of this 
type to be developed for use with the TBI popula-
tion was the Patient Competency Rating Scale 
(PCRS) [ 30 ]. The PCRS is a 30-item question-
naire which uses a 5-point Likert scale to rate the 

ease with which the patient is able to perform 
behavioral tasks including activities of daily liv-
ing (e.g., how much of a problem do I have in 
preparing my own meals?), cognitive skills (e.g., 
how much of a problem do I have in remember-
ing names of people I see often?), interpersonal 
skills (e.g., how much of a problem do I have in 
recognizing when something I say or do has 
upset someone else?), and emotional status (e.g., 
how much of a problem do I have in keeping 
from being depressed). The PRCS is available in 
both patient and signifi cant other versions and 
self-awareness scores are usually calculated 
using the discrepancy method described above. 
Other less sensitive methods of scoring include 
comparing the average perceived competency 
score across all items (range = 1–5) for patients 
and informants (e.g., [ 31 ]) or classifying patients 
into three groups based on whether the highest 
number of items have patient self-ratings greater 
to, equal to, or less than the informant ratings 
[ 32 ]. Another approach has been to calculate the 
mean PCRS difference score on individual items 
[ 33 ]. The PCRS has a demonstrated test–retest 
reliability for the patient ( r  = 0.97) and informant 
versions ( r  = 0.92) [ 6 ] and inter-rater reliability 
for staff ratings (average  r  = 0.92) [ 31 ]. Borgaro 
and Prigatano [ 34 ] modifi ed the PRCS to a 
19-item scale for use in acute neurorehabilitation 
and demonstrated that the PCRS-NR had three 
psychometrically sound factors relating to emo-
tional, interpersonal and cognitive functioning. 

 A range of other questionnaires have been 
developed to assess self-awareness in the TBI pop-
ulation using the discrepancy method. Examples 
of these include the Awareness Questionnaire [ 35 ], 
the Functional Self- Assessment Scale [ 36 ], the 
Head Injury Behaviour Scale [ 7 ], and the 
Dysexecutive Questionnaire (DEX) from the 
Behavioral Assessment of the Dysexecutive 
Syndrome (BADS) [ 37 ]. Other self-report ques-
tionnaires which have not been specifi cally 
designed for measuring awareness have been 
adapted for this purpose by creating a signifi cant 
other version of the questionnaire and using the 
discrepancy method to compare it with self-rat-
ings. For example, this method has been used 
with the Mayo-Portland Adaptability Index and 
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the Sickness Impact Profi le in self-awareness 
studies [ 38 ,  39 ], and to determine self-awareness 
for specifi c cognitive functions such as memory 
performance [ 40 ,  41 ]. 

 The Awareness Questionnaire (AQ) developed 
by Sherer and colleagues [ 35 ] has emerged as 
one of the mostly widely used self-awareness 
questionnaires and is provided in Fig.  1  as an 
example of the discrepancy approach. The AQ 
has three versions (patient, clinician and family 
member) each consisting of 17 items which rate 

the patient’s functioning following TBI compared 
to pre-injury on a 5-point scale where 1 = much 
worse and 5 = much better. Total scores range from 
17 to 85 with scores of 51 indicating the patient’s 
functioning is similar to pre-injury. Three subscales 
with strong internal consistency have been demon-
strated using factor analysis—motor and sensory 
(four items), cognitive (seven items), and behav-
ioral and affective (six items) [ 35 ]. Discrepancy 
scores are generated by subtracting clinician or 
family member ratings from patient self-ratings 

1 2 3 4 5

much
worse

a little
worse

about
the same

a little
better

much
better

1. How good is your ability to live independently now as compared to
before your injury? (cognitive)

2. How good is your ability to manage your money now as compared to
before your injury? (behavioral/affective)

3. How well do you get along with people now as compared to before your
injury? (behavioral/affective)

4. How well can you do on tests that measure thinking and memory skills
now as compared to before your injury? (cognitive)

5. How well can you do the things you want to do in life now as compared
to before your injury? (behavioral/affective)

6. How well are you able to see now as compared to before your injury?
(motor/sensory)

7. How well can you hear now as compared to before your injury?
(motor/sensory)

8. How well can you move your arms and legs now as compared to before
your injury? (motor/sensory)

9. How good is your coordination now as compared to before your injury?
(motor/sensory)

10. How good are you at keeping up with the time and date and where you
are now as compared to before your injury? (cognitive)

11. How well can you concentrate now as compared to before your injury?
(cognitive)

12. How well can you express your thoughts to others now as compared to
before your injury? (cognitive)

13. How good is your memory for recent events now as compared to before
your injury? (cognitive)

14. How good are you at planning things now as compared to before your
injury? (behavioral/affective)

15. How well organized are you now as compared to before your injury?
(cognitive)

16. How well can you keep your feelings in control now as compared to
before your injury? (behavioral/affective)

17. How well adjusted emotionally are you now as compared to before your
injury? (behavioral/affective)

1Modified with permission from Sherer M, Bergloff P, Boake C, High W, Levin E. The
Awareness Questionnaire:  Factor structure and internal consistency. Brain Injury
1998;12:63-68.

  Fig. 1    Awareness questionnaire. Modifi ed with permission from Sherer M, Bergloff P, Boake C, High W, Levin E. The 
Awareness Questionnaire: Factor structure and internal consistency. Brain Injury 1998;12:63–68             
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and can range from −68 to +68. The AQ has been 
used in numerous studies of self-awareness after 
TBI demonstrating its validity, for example 
relationship to long-term employment outcome 
[ 24 ]. In one study, the AQ showed only moderate 
correlations with the PCRS but both measures 
performed comparably in predicting employability 
at discharge [ 4 ]. Based on these results, prelimi-
nary cut-off scores were proposed with AQ 
 discrepancy scores of <20 indicating mild or no 
impairment of self- awareness, 20–29 indicating 
moderate impairment, and >29 severe impair-
ment of self-awareness [ 4 ].

   Research using the discrepancy method to eval-
uate impairment of self-awareness has generally 
demonstrated that the majority of patients underes-
timate their impairments or limitations compared 
to ratings by family or staff [ 5 ]. However the accu-
racy with which patients’ self- ratings refl ect their 
actual perceived brain injury- related limitations 
may be questioned as it can be infl uenced by a 
number of factors [ 42 ]. These include the contribu-
tion of psychological factors such as denial of dis-
ability, the desire for a favorable presentation of 
self, the degree of willingness to engage in self-
disclosure, and caution about how the information 
may be used in  clinical decision making. For exam-
ple, a client with TBI may be concerned that dis-
closing details of diffi culties may delay discharge 
or clearance to return to work or driving [ 43 ]. 

 A second diffi culty with assessing impair-
ment of self-awareness is establishing an objec-
tive measure of functional competency or 
limitations against which to compare the patient’s 
self-report [ 42 ]. The reports of family members 
may be biased as a result of denial or unaware-
ness of the extent of disability in the early stages 
following TBI, especially while the patient is still 
in hospital, and at later stages post-injury the 
emotional stress, strain and fatigue associated 
with caring for a person with TBI may lead fam-
ily members to overestimate the extent of dis-
ability [ 39 ]. While an obvious solution may be 
the reliance on clinicians’ ratings as a more 
objective source of information, these too may be 
limited by a lack of knowledge of the patient’s 
premorbid personality and abilities, as well as 
limited exposure to the patient’s  performance in 
real-life environments [ 42 ]. 

 Some studies have overcome the diffi culties 
with the accuracy and objectivity of informants’ 
reports by using comparison with neuropsycho-
logical test performance. For example, Allen and 
Ruff [ 44 ] used a questionnaire to evaluate the 
self-awareness of patients with TBI and controls 
in the areas of sensorimotor function, attention, 
mathematics, language and reasoning, learning 
and memory, and reasoning. Self-ratings were 
compared with performance on neuropsycholog-
ical testing to determine the level of self- 
awareness. Similarly, in a metamemory study, 
Livengood and colleagues [ 40 ] used comparison 
of performance on memory assessments with 
patient predictions of performance to measure 
the level of self-awareness. Self-ratings can also 
be compared to performance on functional tasks. 
For example, in acquired brain injury rehabilita-
tion, the Assessment of Awareness of Disability 
(AAD) can be used following performance of 
activities of daily living to compare patient’s self- 
ratings of motor and process skills with thera-
pist’s ratings [ 45 ]. 

 A fi nal issue raised with respect to using the 
discrepancy method for measuring self- awareness 
is the magnitude of the difference score required 
as a cut-off for identifying impairment of self- 
awareness [ 39 ]. As highlighted with the PRCS 
above, several different approaches can be 
applied to determine a discrepancy score, and the 
approach is likely to infl uence the number of 
patients who are identifi ed as having an impair-
ment of self-awareness [ 39 ]. The magnitude of 
discrepancy scores is also restricted if the infor-
mant rates the patient as being fully competent, 
thereby allowing little room for discrepancies in 
ratings to be achieved [ 4 ,  46 ].  

    Clinician Rating 

 The clinician rating method of assessing the level 
of self-awareness in patients with TBI relies upon 
clinical judgment to determine the extent of 
impairment of self-awareness using some form of 
rating scale. In essence this approach is not sig-
nifi cantly different from the discrepancy 
approach, except that instead of informant ratings 
or test scores, the clinician uses his or her own 
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knowledge of the patient’s performance for 
 comparison with self-reports. This method is there-
fore reliant upon the clinician’s judgment and his 
or her ability not to be infl uenced by personal char-
acteristics of the patient such as their likeability, 
attractiveness, and communication skills [ 29 ]. 

 Clinician ratings of self-awareness are gener-
ally based on the patient’s responses to a struc-
tured interviewed, and there are several 
interview-based assessments including the Self- 
Awareness of Defi cits Interview (SADI) [ 42 ], the 
Self-Regulation Skills Interview (SRSI) [ 47 ], and 
the Awareness Interview [ 13 ]. The SADI is pro-
vided in Table  1  as an illustration of the use of a 
clinician-rated structured interview for measur-
ing metacognitive knowledge or intellectual 
awareness. The SADI measures the level of self- 
awareness on three subscales: (1) self-awareness 
of impairment, (2) self-awareness of functional 
implications, and (3) ability to set realistic goals 
[ 42 ]. The questions on the SADI build upon pre-
vious interview formats used in psychiatry [ 48 ] 
and social cognition research [ 49 ]. The patient's 
responses are transcribed verbatim by the inter-
viewer during the interviewer, or alternatively, 
interviews may be audiotaped. The responses are 
rated on a 4-point scale similar in format to the 
scale used by Bisiach et al. [ 50 ] for rating anosog-
nosia for hemianopia, but adapted to cover the 
range of impairments possible following TBI. On 
each dimension, a score of 0 indicates no disor-
der of self-awareness and a score of 3 indicates a 
severe disorder of self-awareness, giving a total 
possible range of scores from 0 to 9. Detailed 
scoring guidelines are provided.

   In designing the rating scale a number of 
points were taken into consideration. First, 
patients with TBI may display “borderline” 
awareness in which they acknowledge certain 
impairments (notably physical limitations), and 
ignore others (such as cognitive and personality 
changes), or they can describe problems that oth-
ers have noticed but they are not convinced them-
selves that they exist [ 32 ,  51 ]. Second, 
understanding the functional implications of 
impairments may be limited by a lack of opportu-
nity to try various tasks in the acute post-injury 
phase. Third, realistic goal setting is seen to 
refl ect the degree of self-awareness [ 52 ], with the 

   Table 1    Self-awareness of defi cits interview  a     

 1. Self-awareness of defi cits 
   Are you any different now compared to what you were 

like before your accident? In what way? Do you feel 
that anything about you, or your abilities has changed? 

   Do people who know you well notice that anything is 
different about you since the accident? What might 
they notice? 

   What do you see as your problems, if any, resulting 
from your injury? What is the main thing you need to 
work on/would like to get better? 

  Prompts:  
 Physical abilities (e.g., movement of arms and legs, 
balance, vision, endurance)? 
 Memory/confusion? 
 Concentration? 
 Problem solving, decision making, organizing 
and planning things? 
 Controlling behavior? 
 Communication? 
 Getting along with other people? 
 Has your personality changed? 
 Are there any other problems that I haven't mentioned? 
 2. Self-awareness of functional implications of defi cits 
   Does your brain injury have any affect on your 

everyday life? In what way? 
  Prompts:  
 Ability to live independently? 
 Managing fi nances? 
 Looking after family/manage home? 
 Driving? 
 Work/Study? 
 Leisure/Social Life? 
 Are there any other areas of life that you feel have 
changed/may change? 
 3. Ability to set realistic goals 
   What do you hope to achieve in the next 6 months? Do 

you have any goals? What are they? 
   In 6 months time, what do you think you will be 

doing? Where do you think you’ll be? 
   Do you think your head injury will still be having any 

affect on your life in 6 months time? 
  If yes: How? 
  If no: Are you sure? 
  Scoring . Total SADI scores range from 0 to 9 with higher 
scores indicating greater impairment of self-awareness. 
Scores for each of the three subscales range from: 
  0 = accurate self-awareness 
  1 = mild self-awareness impairment 
  2 = moderate self-awareness impairment 
  3 = severe self-awareness impairment 

   a Modifi ed with permission from Fleming JM, Strong J, 
Ashton R. Self-awareness of defi cits in adults with trau-
matic brain injury: how best to measure? Brain Injury. 
1996;10:1–15  

M. Sherer and J. Fleming



241

adjustment of pre-injury goals seen as an important 
step in the development of self-awareness after 
TBI [ 51 ]. Finally, in scoring an individual's 
responses on the rating scale, the interviewer 
needs some background knowledge of the 
patient's level of function. Therefore, a relative’s 
and/or clinician checklist can be used to gather 
collateral information to assist with assigning 
SADI scores. A full version of the SADI and the 
checklist are available from the authors. 

 An initial inter-rater reliability study indi-
cated acceptable agreement between raters for 
total scores with an intraclass correlation coeffi -
cient (ICC) of 0.82 [ 42 ]. A second inter-rater 
reliability study where two raters were both 
present during the actual interviews yielded a 
higher ICC of 0.85 [ 53 ]. Test–retest reliability 
over a 2- to 4-week period was high (ICC = 0.92) 
[ 54 ]. The SADI has been signifi cantly correlated 
with measures of frontal lobe functioning and 
injury severity [ 55 ], and with the AQ and mea-
sures of work status in individuals with acquired 
brain injury [ 56 ]. 

 In contrast to the SADI which measures meta-
cognitive awareness, the SRSI [ 47 ] was designed 
to measure on-line awareness skills in relation to 
a main area of diffi culty identifi ed by the patient. 
The SRSI has six items (emergent awareness, 
anticipatory awareness, readiness to change, 
strategy generation, degree of strategy use, and 
strategy use) which are scored by the interviewer 
using a 10-point rating scale. The items are 
grouped into three indices derived by factor anal-
ysis which include Awareness, Readiness to 
Change, and Strategy Behaviour Index [ 47 ]. The 
SRSI has test–retest (0.81–0.92) and inter-rater 
(0.69–0.91) reliability [ 47 ] and was signifi cantly 
correlated with SADI scores and work status in 
adults with acquired brain injury [ 56 ]. 

 The Awareness Interview [ 13 ] involves the use 
of both a clinician-rated interview and the dis-
crepancy method by comparing neuropsycholog-
ical test scores to patient responses in order to 
quantify self-awareness. Interview questions 
address the fi ve specifi c areas of motor, intellec-
tual, orientation, memory, speech or language, 
and visual perceptual impairment. Interview 
responses are scored on a 3-point scale to refl ect 

the perceived amount of impairment on each 
function. These scores are then compared to 
 ratings by a neuropsychologist on a comparable 
scale based on the results of neuropsychological 
testing of the same functions. Deviation scores 
are generated by comparing the two sets of scores 
to give scores ranging from 0 = no discrepancy to 
2 = maximum discrepancy. Two additional ques-
tions (regarding awareness of the reason for hos-
pitalization and awareness of general test 
performance and ability to resume normal activi-
ties) are scored using deviation scores which are 
then totaled with the other six deviations scores 
to give an Awareness Index (range 0–16). The 
Awareness Index therefore represents a more 
objective way of using clinician-rated interviews 
to measure self-awareness, but is related to only a 
limited spectrum of impairments seen following 
TBI and does not include items relating to execu-
tive dysfunction, and interpersonal, behavioral 
and emotional changes for which people with 
TBI often lack self-awareness. 

 Clinician ratings are also used to give scores 
on the ISA and Denial of Disability (DD) 
Clinicians’ Rating Scale [ 57 ]. This scale was 
designed to differentiate between ISA of neuro-
logical origin and DD of psychological origin in 
the individual patient with TBI. Both the ISA and 
DD scale consist of ten items which are rated as 
“yes” or “no” by the clinician with items rated 
“yes” then scored on a 0–10 scale of severity giv-
ing a maximum possible total score of 100 on 
each scale. Items on the ISA scale relate to a lack 
of spontaneous reports of diffi culties, little affec-
tive reaction to feedback, “cognitive perplexity” 
in response to feedback or diffi culties, other 
higher level cognitive problems such as impaired 
initiation, self-monitoring and planning. In con-
trast items on the DD include some minimal 
admission of diffi culties, a negative affective 
reaction to feedback, use of arguments or excuses 
to explain behavior, a lack of severe impairment 
in initiation, planning, and self-monitoring on 
testing, and possible catastrophic reactions when 
faced with failure. Inter-rater reliability on the 
scales was generally high except when the clini-
cian rated the degree of impaired self-awareness 
in the ISA group [ 57 ].  
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    Observation of Behavior 

 The observation of task performance or behavior 
provides a third method of assessment of self- 
awareness, which particularly targets on-line 
awareness. Observational methods do not usually 
involve patient self-reports but focus on the 
patient’s task selection and avoidance, error 
detection, and error correction during task perfor-
mance [ 26 ]. In one of the fi rst studies of online 
awareness after TBI, Hart and colleagues [ 58 ] 
engaged participants in a naturalistic multi-level 
action task that involved making toast, wrapping 
a gift, and packing a lunchbox. Performances 
were videotaped and then analyzed to record 
instances of error correction (i.e., attempts to 
redress an error) and error detection (e.g., verbal-
izations, exclamations, facial expressions, and 
manual gestures signifying the participant’s 
awareness that an error had occurred). This study 
showed that aspects of on-line awareness could 
be reliably and objectively measured without 
reliance on self-report. 

 Ownsworth and colleagues [ 59 ] used a similar 
behavioral approach to measuring on-line aware-
ness with a TBI participant during meal prepara-
tion and work activities. This included measures 
of error frequency (i.e., recording errors that 
compromised safety, outcome or time effi ciency) 
and error behavior. Error behavior was systemati-
cally observed using a “pause, prompt, praise” 
technique which involved the therapist initially 
allowing a “pause” following an error to allow 
for self-correction, then a non-specifi c prompt, 
followed by a specifi c prompt if the error was not 
corrected. Errors were categorized as self- 
corrected, corrected with non-specifi c prompt, or 
corrected with specifi c prompt. This approach 
was adapted in a subsequent study [ 60 ] to clas-
sify errors as self-corrected errors (i.e., corrected 
after a 5–10 s pause) or therapist-corrected errors 
(i.e., corrected after a prompt) and checks (i.e., 
requests for advice or verifi cation). In both stud-
ies, inter-rater reliability for frequency and clas-
sifi cation of errors was established. 

 In summary, the standardized assessment of 
on-line awareness remains an under-developed 
area. It can be concluded that self-awareness can 

be measured in a number of ways which tap into 
different aspects of self-awareness. Therefore 
for any individual patient, it is advisable to use 
more than one approach to establish an under-
standing of his or her level of self-awareness 
across domains.   

    Empirical Studies of Interventions 

    General Approaches 

 The past two decades have seen an increasing 
emphasis on the development of interventions 
specifi cally targeting impairment of self- awareness 
after TBI, or incorporating self- awareness train-
ing into other cognitive rehabilitation approaches. 
A small but growing body of empirical studies 
provides evidence that self-awareness interven-
tions can be effective in enhancing rehabilitation 
outcomes. Consequently, a review of the latest 
evidence concluded that metacognitive strategy 
training (i.e., targeting self-monitoring and self-
regulation) should be a practice standard in the 
cognitive rehabilitation of people with executive 
dysfunction following TBI [ 61 ]. The treatment of 
ISA after TBI has been reviewed previously by 
several authors [ 26 ,  51 ,  62 – 64 ] and interventions 
described include feedback, education, behavior 
therapy, psychotherapy, milieu-oriented pro-
grams, game formats, group programs, and real 
world experiences. This section reviews the 
research relating to self-awareness interventions 
including the use of various approaches to 
 providing feedback, predicted performance, 
occupation-based experiences, and the use of 
other techniques such as psychotherapy, educa-
tion, and group programs.  

    Feedback Approaches 

 The provision of feedback to patients is a funda-
mental component of rehabilitation and includes 
feedback on test results, functional performance, 
and strengths and limitations. Arguably the pri-
mary rationale for providing feedback is to improve 
a patient’s self-awareness thereby enabling him 
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or her to identify areas for improvement, or the 
need for strategies to improve performance. 
Timely, specifi c and consistent feedback is 
emphasized as being an important component of 
all awareness interventions [ 51 ,  65 ]. A systematic 
review of intervention studies which used a feed-
back component to improve self-awareness iden-
tifi ed 12 studies of varied methodological quality 
including single case experimental designs [ 66 ]. 
Three studies were randomized controlled trials 
involving a total of 62 people with brain injury of 
mixed etiology [ 67 – 69 ]. A meta-analysis found a 
moderate effect size for the pooled estimate of 
improvement in self-awareness after completing 
a feedback intervention (Hedges adjusted 
 g  = 0.64, 95 % confi dence interval 0.11–1.16). 
Furthermore, feedback interventions had large 
effect sizes for improving functional task perfor-
mance and patient satisfaction with therapy [ 66 ]. 
Most feedback interventions use a combination 
of different forms of feedback including self- 
predictions and self- evaluations of performance, 
verbal feedback from a therapist, and in some 
cases, videotaped feedback.  Peer feedback  is also 
an important ingredient of group interventions. 

 Direct  therapist feedback  is a common 
approach to facilitating both intellectual and on- 
line awareness in patients with TBI [ 29 ,  51 ,  65 ]. 
Verbal feedback on performance is thought to be 
more readily accepted by the patient if provided 
by a trusted therapist in the context of a strong 
therapeutic alliance [ 70 ]. A “sandwich tech-
nique” in which negative feedback is preceded, 
and followed, by positive feedback is recom-
mended [ 63 ,  71 ]. Klonoff and colleagues [ 70 ] 
described well-timed therapist feedback as an 
integral component of their cognitive retraining 
program which led to successful work placement 
in a case study of a patient with TBI. 

 While some authors have claimed that direct 
therapist feedback may be too confrontational and 
force patients to defend their confabulatory beliefs 
[ 72 ], research has demonstrated that, on the con-
trary, feedback of self-awareness assessment data 
led to a decrease in subjective reports of grief in 
participants with brain injury [ 73 ]. Another 
repeated measures study found that feedback from 
a consultant neurologist on the fi ndings of brain 

scans and possible neurobehavioral outcome led to 
signifi cant improvements in self-awareness as 
measured by the AQ and SADI in 17 patients 
with brain injury [ 74 ]. Interestingly, in this study, 
direct feedback was also associated with a 
decrease in self-reported symptoms of anxiety 
and depression. 

  Videotaped feedback  has been recommended 
by several authors as an effective method for 
improving self-awareness of functional perfor-
mance including awareness of behavioral and 
communication problems [ 62 ,  64 ,  75 ,  76 ]. 
Videotaped feedback has been used as an element 
of several self-awareness interventions with peo-
ple with TBI (e.g., [ 59 ,  77 ]) and demonstrated to 
be more effective than verbal feedback and expe-
riential feedback in a randomized controlled trial 
with 54 participants with TBI [ 78 ]. Schmidt et al. 
[ 78 ] used feedback on performance in a meal 
preparation task on four occasions over a 2-week 
period. The group that received a combination of 
video and verbal feedback had signifi cantly 
greater gains in on-line awareness as measured 
by an error count and intellectual awareness mea-
sured by AQ discrepancy score. Interestingly, 
there were no changes in the level of emotional 
distress associated with any of the feedback inter-
ventions. McGraw-Hunter et al. [ 79 ] also 
described the use of video self-modeling to teach 
cooking skills to four individuals with TBI. In 
this study, the participants were videoed perform-
ing the cooking task with step by step direction 
from the researcher and any errors were edited 
from the video. In the experimental phase, the 
participants viewed the video prior to performing 
the cooking task with a graduated system of 
prompting, praise and corrective feedback. The 
approach was effective in achieving skill acquisi-
tion for three of the four participants within four 
training sessions, however the effect on self- 
awareness was not examined.  

    Predicted Performance 

 The technique of predicted performance involves 
asking patients to  self-predict  their performance 
prior to completing a task (e.g., the amount of 
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diffi culty expected, how much assistance will be 
needed, how long it will take, or the need for 
strategies). Following task performance, patients 
complete a  self-evaluation  in which they rate 
their performance of the task, which can then be 
compared with the predicted performance as well 
as with therapist feedback on the performance 
[ 68 ]. While predicted performance is most com-
monly used in conjunction with the performance 
of functional activities, it has also been used suc-
cessfully to improve awareness of performance 
on memory tasks in single case studies [ 80 ,  81 ] 
and for verbal recall and arithmetic tasks in a 
single group session [ 82 ].  

    Occupation-Based Interventions 

  Experiential feedback  or occupation-based inter-
ventions involve participation in real-life activi-
ties that allow the person with TBI to discover his 
or her own errors [ 71 ]. The selection of meaning-
ful occupations to improve self-awareness con-
tains elements of “supported risk taking” or 
“planned failure” and needs to be well-structured 
and supported by the therapist to minimize any 
emotional distress [ 51 ,  65 ,  83 ]. Even without 
specifi c intervention targeting self-awareness, 
individuals with TBI have reported that their self- 
awareness developed as a result of comparing 
their current ability to perform familiar occupa-
tions with their pre-injury status [ 83 ]. An 
occupation- based approach acknowledges that 
self-awareness training involves “rebuilding a 
sense of self” [ 76 , p. 181]; while engaging in 
structured occupational experiences, the person 
with TBI uses self-monitoring techniques to dis-
cover strengths and weaknesses, and to develop 
strategies and new ways of doing things, thereby 
promoting self-effi cacy. 

 Toglia [ 76 ] described a dynamic interactional 
approach to improving self-awareness using 
engagement in meaningful occupations. In the 
pre-activity phase, this approach involves the use 
of techniques such as self-prediction, guided 
anticipation of challenges, and strategy genera-
tion. During the activity, techniques include “stop 
and check” periods, self-questioning (e.g., Am I 

keeping track of everything?) and therapist 
 feedback to reinforce strategy use. The post-
activity phase can include various forms of self- 
assessment such as video feedback, self-ratings, 
guided questioning, and comparison of outcomes 
with a template or model. Journaling or  struc-
tured logs  may also be used to promote self- 
refl ection on the activity, as well as broader 
identifi cation of cognitive failures and strategies 
in daily life.  Role reversal  is another technique 
developed by Toglia for promoting self- awareness 
using functional activities. In role reversal, the 
therapist performs the activity and deliberately 
makes errors, while the patient observes the per-
formance and identifi es errors and suggests strat-
egies, an approach which may be less cognitively 
demanding and less threatening than identifying 
errors during one’s own performance. 

 Several studies have used single case study 
designs to illustrate the effectiveness of occupation- 
based approaches using many of the above tech-
niques to improve self-awareness after TBI [ 59 , 
 77 ,  84 ,  85 ]. Usually occupation-based interventions 
are used in conjunction with other techniques such 
as feedback to promote self- awareness. The three 
randomized controlled trials in the Schmidt et al. 
[ 66 ] systematic review described above each 
involved occupation-based interventions. 

 In the fi rst of these, Cheng and Man [ 67 ] used a 
combination of education, experiential feedback, 
self-prediction and goal setting to signifi cantly 
improve intellectual awareness as measured by the 
SADI in 11 intervention participants compared to 
a control group. In the second study, Goverover 
et al. [ 68 ] used a combination of occupation-based 
intervention and predicted performance with ten 
participants with TBI when performing instru-
mental activities of daily living over six therapy 
sessions. Compared to a control group, the inter-
vention group improved signifi cantly in task per-
formance and self-regulation skills. However, no 
signifi cant differences were found for task-specifi c 
or general self-awareness. 

 The third study [ 69 ] was a randomized con-
trolled trial with three treatment arms, one of 
which involved individual occupation-based 
support. Occupational activities were selected 
on the basis of participants’ goals and performed 
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in their home or community with a focus on 
self- monitoring and self-correction of errors, 
and use of self-regulation strategies. After eight 
weekly intervention sessions participants in this 
group showed signifi cant improvements in goal 
attainment, however the level of self-awareness 
was not explicitly evaluated in the original study. 
In the subsequent meta-analysis [ 66 ], it was 
found that compared to a wait-list control group, 
the standardized mean difference of discrepancy 
scores on the PCRS was not signifi cant for this 
study by itself (Hedges adjusted  g  = 0.48, 95 % 
confi dence interval of −0.41 to 1.38). 

 In another study, Ownsworth et al. [ 60 ] used a 
single case study design to demonstrate improve-
ments in self-regulation skills in two participants 
with brain injury during meal preparation activi-
ties. The metacognitive skills training approach 
involved a “pause, prompt, praise” approach and 
incorporated sessions of role reversal, videotaped 
feedback, and post-task discussion. Specifi cally, 
during task performance, the therapist waited 
(pause) if the participant started to make an error 
to allow self-correction of the error and provided 
non-specifi c direction (prompt) if the error contin-
ued. The therapist then affi rmed the participant for 
correct performance (praise). Compared to 
 baseline, both participants showed a signifi cant 
increase in self-corrected errors, decrease in thera-
pist corrected errors, and decrease in number of 
times the participant checked to ensure accuracy 
of task performance. In contrast, another partici-
pant who engaged in an extended baseline of 
behavioral practice without metacognitive skills 
training showed no signifi cant changes in error 
correction, and an increase in the number of checks 
suggesting an increased reliance on  therapist sup-
port. Interestingly, the participants receiving meta-
cognitive skills training rated themselves lower on 
the PCRS following the intervention suggesting 
more accurate self-awareness, whereas the behav-
ioral practice participant perceived greater self-
competency following the intervention. 

 Ownsworth et al. [ 86 ] also described the use 
of a similar metacognitive contextual interven-
tion component as part of a larger program for 
two individuals with TBI and one with stroke to 
facilitate achieving paid work after long-term 

unemployment. Techniques used included self- 
prediction, self-monitoring, and self-evaluation 
of performance of functional tasks in the partici-
pants’ homes and workplaces. The program also 
included group education and support activities, 
family involvement, sessions with disability sup-
port counselors, and a work trial with employer 
education and support, so it not possible to deter-
mine which component or components of the 
intervention were effective. However, all three 
participants had maintained paid employment 
6 months later.  

    Other Approaches 

 Other approaches to facilitating self-awareness 
following TBI include group therapy, education, 
adjustment counseling, and psychotherapy. Many 
of the studies pioneering these techniques and 
others described above have occurred in the con-
text of comprehensive neuropsychological  com-
munity integration programs  [ 29 ,  87 – 89 ]. These 
programs employ holistic milieu-oriented 
approaches which combine cognitive retraining 
with psychotherapeutic interventions to address 
both neuropsychological and emotional or adjust-
ment issues, and to enhance community integra-
tion outcomes. While the development of 
self-awareness has been a major focus of the reha-
bilitation programs, outcomes generally have 
been reported in terms of better emotional adjust-
ment and higher levels of productivity, rather than 
improvements in self-awareness per se .  A study 
by Malec and Moessner [ 88 ] however, found that 
62 graduates of a comprehensive day treatment 
program had diminished impairment of self-
awareness compared to pre-intervention. They 
also found that improvements in self- awareness 
and distress levels were associated with positive 
behavioral changes but not vocational outcomes. 
Studies such as these illustrate the diffi culties 
associated with determining the effectiveness of 
specifi c self-awareness intervention techniques, 
as in practice they are usually used in combina-
tion, as well as the diffi culty determining the 
extent that gains in self- awareness impact upon 
community integration outcomes. 
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 The use of  group programs  is an important 
component of the above comprehensive treat-
ment programs, as it allows for valuable peer 
feedback, role modeling and support during 
group discussions [ 29 ]. There have, however, 
been few studies which have specifi cally exam-
ined the use of group interventions to facilitate 
self-awareness. Ownsworth, McFarland and 
Young [ 90 ] conducted a 16-week group support 
and psychoeducation program with 21 partici-
pants with long-term acquired brain injury. The 
participants showed signifi cant improvements in 
levels of on-line self-awareness and strategy use, 
as well as improved psychosocial function, and 
gains were maintained at a 6-month follow-up. 

  Psychotherapy  is another integral component 
of many neuropsychological rehabilitation pro-
grams that aim to develop self-awareness after 
TBI. The aim of psychotherapy is to assist 
patients to explore feelings of loss and anger 
[ 83 ], and to establish realistic goals and re- 
establish meaning in life [ 89 ]. Both individual 
and group psychotherapy can been used follow-
ing TBI [ 29 ]. For patients who display denial or 
minimization of information that is too painful to 
acknowledge, psychotherapy has been recom-
mended to strengthen their emotional readiness 
to cope with the rehabilitation process [ 83 ]. The 
successful use of a psychotherapeutic approach 
following TBI has been demonstrated in a case 
study [ 91 ] and as part of a comprehensive day 
program [ 29 ]. 

 Psychotherapy, along with other counseling 
approaches to facilitate adjustment and acceptance 
of disability, emphasize the importance of a strong 
 therapeutic alliance . Establishing trust and provid-
ing a safe and accepting environment are at the 
foundations of successful awareness interventions 
and enhance engagement in rehabilitation [ 29 ,  51 , 
 64 ]. This process may also include a focus on  goal 
setting , in particular discussing and acknowledging 
the patient’s personal goals and incorporating them 
into meaningful therapy goals [ 52 ]. Motivational 
interviewing has been presented as a goal setting 
approach which may be incorporated into holistic 
rehabilitation programs to enhance the therapeutic 
relationship and facilitate self-awareness and 
acceptance of disability [ 92 ]. 

  Education  is another fundamental component 
of many rehabilitation programs which aim to 
enhance self-awareness. Educational approaches 
may include written materials, individual infor-
mation sessions, groups, and game formats, and 
content may cover brain function, brain impair-
ment, the effects of TBI, and strategy use. Often 
family members are included in education ses-
sions [ 51 ]. It is thought that, by maintaining an 
informational format in group education ses-
sions, individuals with TBI can discuss typical 
brain injury problems in a less threatening way, 
and hear from others who may be prepared to dis-
cuss their personal experiences and cognitive dif-
fi culties, thereby promoting self-acceptance [ 29 ]. 
The research is unclear, however, as to whether 
education alone leads to improvements in self- 
awareness. For example, a randomized controlled 
trial of a single 30-min educational session for 
improving knowledge and awareness in children 
with TBI did not fi nd any signifi cant improve-
ment [ 93 ]. Educational board games have also 
been developed to enhance knowledge and 
awareness in patients with brain injury [ 94 ,  95 ]. 
These were designed to provide opportunity for 
patients to learn about the cognitive and behav-
ioral sequelae of brain injury through repetition 
of information in a non-threatening way; how-
ever, the approach was demonstrated to be effec-
tive only for improving general knowledge and 
not accuracy of self-appraisal [ 95 ]. When com-
bined with facilitated discussion before the game, 
the approach led to improved self-awareness of 
personal strengths and limitations in three par-
ticipants with severe TBI [ 94 ]. 

 In summary, this section has described a num-
ber of intervention approaches to improving self- 
awareness following TBI and overviewed the 
empirical studies that have investigated their 
effectiveness. It is evident that most self- 
awareness interventions are comprised of more 
than one technique and are delivered as programs 
which aim to improve not only self-awareness, 
but psychosocial functioning more generally. 
Further research is required to establish which 
techniques, or combinations or techniques, are 
most effective, and with what type of patients. 
Indeed for some individuals with severe cognitive 
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impairment, attempts to improve self- awareness 
may not succeed, and interventions should focus 
more on compensation for the impairment in 
self-awareness (e.g., in order to prevent the indi-
vidual from engaging in unsafe or risky behav-
iors) [ 51 ] or use behavioral interventions which 
do not require self-awareness to improve func-
tion [ 72 ]. For other individuals, interventions 
may lead to improved self- awareness but this 
may not necessarily translate into functional 
gains (e.g. due to increased emotional distress), 
and further research is needed to determine what 
type of intervention is best suited to particular 
awareness sub-types.   

    Recommendations for Clinical 
Practice and Case Examples 

    The Big Picture 

 As the review above indicates, there are multiple 
possible approaches to address ISA with the goal 
of improving treatment compliance and patient 
outcome. Unfortunately, none of these approaches 
has extensive empirical support. The current state 
of knowledge does not support specifi c clinical 
guidelines for treatment of ISA. Rather, the clini-
cian must rely on experience and clinical judg-
ment to develop an individualized approach to 
meet the needs of the patient based on the 
patient’s clinical status, phase of recovery, social 
support network, and other considerations. All 
approaches to treatment will rely on feedback to 
the person with injury, to some degree, and all 
approaches will be enhanced if the treating 
clinician(s) can establish an effective therapeutic 
alliance with the patient. 

 Therapeutic, or working, alliance is a con-
struct commonly described in the psychotherapy 
literature. It is generally defi ned as having three 
components: the bond between the clinician and 
the client, agreement on the means of therapy, 
and agreement on the goals of therapy [ 96 ]. This 
bond may be based on the therapist’s ability to 
convey empathy, the client’s confi dence in the 
therapist’s expertise, the therapist’s genuine com-
mitment to facilitating the client’s best interests, 

and/or other aspects of the relationship. However, 
this bond is not based on friendship or personal 
affection. Clinicians with limited training and/or 
experience in counseling may fail to appreciate 
this difference. In persons with brain injury, a 
stronger alliance between the patient and thera-
pist has been shown to result in more accurate 
self-awareness for the patient [ 97 ]. An effective 
therapeutic alliance can be regarded as a neces-
sary though not suffi cient condition for improve-
ment in self-awareness in rehabilitation of 
patients with TBI. 

 One key issue that can drive the treatment 
approach selected is the primary goal of the 
awareness intervention. If the primary goal is 
treatment compliance and acceptance of obtain-
able long-term goals, the approach will be differ-
ent than if the goal is re-establishment of a 
positive sense of self after catastrophic injury.  

    Enhancing Treatment Compliance 
in a Patient with ISA 

 In a different context (compliance with wearing a 
splint), Kuipers and colleagues [ 98 ] surveyed 
rehabilitation clients to determine factors that the 
clients believed affected their compliance with 
treatment. These factors were (1) client and ther-
apist collaboration in treatment, (2) client trust in 
therapist expertise, (3) client understanding of 
the purpose of treatment, (4) fi t of the therapeutic 
approach with client goals and lifestyle, (5) sup-
port from family and friends, and (6) any discom-
fort, including feelings of stigma, caused by 
being in treatment. With a little modifi cation, 
these factors are applicable to interventions to 
improve self-awareness. Interventions pursued 
with these issues in mind are likely to maximize 
therapeutic alliance between the therapist(s) and 
client. We will describe a clinical case of a person 
with profound ISA after TBI that illustrates how 
therapy guided by these principles can facilitate 
compliance with treatment and lead to a favor-
able outcome. 

 Tom was a 25-year-old male who sustained 
TBI at age 15 in a motor vehicle collision. 
Records indicated an initial Glasgow Coma Scale 
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score of 7 indicating severe injury. CT imagery 
indicated a left temporal bone fracture with hem-
orrhagic contusion of the left temporal lobe, 
widespread subarachnoid hemorrhage, diffuse 
brain swelling, and a number of small contusions 
primarily in the frontal lobes. At initial evalua-
tion, Tom was found to be oriented. His speech 
was mildly dysarthric and he spoke at a rapid rate 
causing some problems with intelligibility. 
Testing showed impaired comprehension for 
complex language tasks, moderate impairment of 
verbal memory, decreased dexterity with the 
right upper extremity, and poor problem solving. 
Tom’s social presentation was awkward. 
Comments were occasionally off topic. He 
answered questions impulsively and frequently 
interrupted the interviewer. 

 Four years after his injury, Tom eventually 
graduated from high school with tremendous 
support from his widowed mother. He was an 
only child. Tom stated that his goal was to fi nd 
employment as an insurance agent. Tom had no 
history of any paid employment. He had com-
pleted previous rehabilitation programs of vari-
ous types including training to be an upholsterer, 
but was never placed in a job due to his insistence 
on working as an insurance agent and the collec-
tive judgment of all others involved, including his 
mother, that there was no chance that he could 
successfully do this type of work. 

 Tom was admitted to a comprehensive, post-
acute brain injury rehabilitation program and 
received 3.5 h of therapy a day, 4 days a week. 
Therapy goals were to improve speech 
 intelligibility and social skills, implement use of 
compensatory strategies to improve memory, and 
develop a plan for placement in paid work. Tom 
denied having any diffi culties at all with intelligi-
bility, social interactions, or memory and indi-
cated that he already had a plan to work as an 
insurance agent. The team avoided confronting 
Tom on any of these issues. To address communi-
cation issues, we videotaped Tom interacting 
with other program clients and reviewed the vid-
eotapes with him in individual sessions. Since 
Tom declined to make any notes or use any mem-
ory strategies that he would need to initiate, we 
developed cue sheets to prompt him through mul-

tistep tasks. These cue sheets were small enough 
to easily fi t in Tom’s pocket. To work on develop-
ing a plan for job placement, we tried Tom out in 
various simulated jobs we could create in the 
associated rehabilitation hospital. Tom assured us 
that it was pointless to work on any job activity 
that was not related to becoming an insurance 
agent, but with coaxing we were able to get him 
to participate in activities, particularly if these 
activities gave him the chance to interact with 
therapists at the hospital. On a few occasions, he 
made inappropriate remarks to female therapists 
and we fi rmly redirected him. He denied doing 
anything wrong, but because he was motivated to 
continue this opportunity for interaction, we were 
able to get him to modify his behavior. 

 Therapists were always focused on being sup-
portive of Tom. We complimented him any time 
he spoke more slowly or used one of the cuing 
sheets. We looked for any opportunity to praise 
his performances on simulated jobs and generally 
did not comment on errors. Rather, we simply 
had him redo the task until it was correctly done. 
Tom was naturally deferent to male authority fi g-
ures so the program director always had Tom 
address him as doctor when they spoke. Even 
though Tom denied any need for treatment, thera-
pists explained the purpose behind each task on 
which we worked. While Tom continued to focus 
on work as an insurance agent, we repeatedly 
emphasized that we were working to help him 
achieve his goal of obtaining a job. Early on, we 
fully explained the rationale behind our approach 
to Tom’s mother. She was very supportive of our 
approach with Tom and she had great infl uence 
on Tom as she was the only person that Tom 
interacted with regularly prior to admission to 
our program. Finally, we normalized all tasks to 
the greatest extent possible. Staff made a point of 
speaking more slowly around Tom to show that a 
slower rate was easier to understand. Staff used 
cuing lists in front of Tom to help them remember 
tasks that they were doing. We described all sim-
ulated work tasks as preparations to help Tom 
achieve his eventual goal of working. 

 After several weeks of working with Tom, we 
identifi ed work tasks that he could complete and 
the amount of cuing needed to guide him through 
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these tasks. We also determined that while Tom 
very much enjoyed interacting with others, such 
interactions frequently got him off task. By nego-
tiating with the manager of a local restaurant, we 
were able to place Tom in a job doing custodial 
work after hours at the restaurant about 10 h a 
week. We provided onsite job coaching for the 
fi rst 4 weeks of employment. Tom initially 
resisted this placement, but we emphasized that 
this would be his fi rst paid job and that it might 
eventually lead to another job that was more sim-
ilar to his eventual goal. Tom’s mother played a 
key role in convincing Tom to give the job a 
chance. While Tom always saw the job as transi-
tional, he remained at the placement. He found 
the paychecks rewarding and began to go on out-
ings without his mother to the movie theater and 
the local mall, activities that he had never engaged 
in prior to treatment. 

 By focusing on compliance as our goal rather 
than insisting that Tom have the same view of his 
situation as we did, we were able to make great 
progress in our work with Tom. We believed that 
if Tom could become convinced that we were on 
his side and trying to do the best we could to help 
him that he would be more likely to comply with 
our requests. At discharge assessment, we could 
not demonstrate that Tom’s speech intelligibility, 
social skills, and/or memory were improved. 
However, he was consistently using the simple 
cue cards we created for his work duties.  

    Facilitating Establishment 
of a Positive Self-Concept 
in a Patient with ISA 

 Formation of an accurate self-perception is a 
complex cognitive task requiring integration of 
multiple cognitive systems [ 99 ]. Self-awareness 
requires, among other skills, accurate observa-
tions of one’s behaviors and their outcomes, inte-
gration of individual behavioral performances 
into a coherent self-concept, introspection 
and reconsideration of self perceptions over 
time and across settings, and assimilation of 
direct and indirect feedback from social interac-
tions. Achieving more accurate self-awareness is 

only a preliminary step toward re-establishing a 
positive sense of self after a catastrophic injury. 
Pioneers in community re-integration program-
ming for persons with TBI such as Ben-Yishay 
et al. [ 100 ] and Prigatano [ 101 ] have viewed psy-
chotherapy as a key aspect of therapy intended to 
facilitate improved functioning and eventual 
return to work. Following TBI, injured persons 
may have a profound sense that something is not 
right. In the presence of ISA, this vague sense of 
something being wrong is not connected to an 
accurate appraisal of the cognitive and behavioral 
defi cits caused by the injury. Rather, the injured 
person is confused and frustrated [ 101 ]. Caregivers 
and family members will often try to help the 
injured person by pointing out defi cits due to the 
injury as an explanation for the feeling that things 
are not right. Often this feedback will simply 
result in more frustration leading to strain in rela-
tionships with the primary social support network 
which in turn leads to greater feelings of despair 
and abandonment. 

 For persons with mild TBI who are distressed 
after injury, psychotherapy may be the only ther-
apy needed. However, in our experience, the most 
successful approach to addressing a lost sense of 
self in patients with signifi cant cognitive and/or 
behavioral defi cits combines therapy to address 
the defi cits, feedback to improve self-awareness, 
and psychotherapy to address the injury to the 
self. Prigatano’s model [ 101 ] for psychotherapy 
after TBI focuses on the importance of work 
(productive activities), love (passion, intimacy, 
and commitment to others), and play (a sense of 
the inner playful self). Description of all the intri-
cacies of providing psychotherapy to persons 
with cognitive and social communication defi cits 
is beyond the scope of this chapter, but we will 
describe a clinical case to illustrate how cognitive 
rehabilitation, self-awareness, and psychotherapy 
interventions can be integrated to facilitate a 
favorable outcome. 

 Joan was a 35-year-old divorced female who 
sustained TBI in a motor vehicle collision. Her 
Glasgow Coma Scale on admission to the 
Emergency Department was 10 indicating a 
moderate injury. Duration of post-traumatic con-
fusion (amnesia) was 8 days. She received 2 
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weeks of inpatient rehabilitation that addressed 
cognitive and behavioral defi cits as well as her 
fractured right forearm. Goals included improv-
ing functional skills such as dressing, cooking, 
etc. while she remained with a cast on her right 
arm. By 3 months post-injury, the cast was 
removed and she returned to full-time work as a 
sales clerk in a department store. She immedi-
ately noticed diffi culty with fatigue and asked to 
be cut back to 20 h a week from her usual sched-
ule of over 40 h a week. 

 Cognitive testing revealed mild impairment of 
verbal memory and mild cognitive slowing on 
motor and verbal tasks. Performance on motor 
tasks was infl uenced by residual weakness in her 
right hand and arm that was thought to be related 
to her fracture rather than to her brain injury. 
Interview with Joan’s sister revealed that she 
thought that Joan was irritable and distractible 
since her injury. She described Joan as having a 
total change in personality. This resulted in con-
fl ict when they were together and the sister was 
spending less time with Joan as a result. Joan was 
initially reluctant to allow program staff to speak 
to her work supervisor, but eventually gave per-
mission. The supervisor indicated that Joan had 
been a top performer prior to her injury frequently 
receiving bonus checks based on her high sales 
totals. Initially on return to work, Joan had diffi -
culty recalling procedures for processing cou-
pons and exchanges. Her supervisor was not 
surprised by this as procedures had changed 
shortly before Joan had been injured and Joan 
had been away from work for 3 months. However, 
Joan became very frustrated when processing 
coupons and exchanges and she rejected help 
from others. The supervisor indicated that even 
though Joan had been short with fellow employ-
ees causing some hurt feelings, he still regarded 
her as one of his best sales clerks. 

 Since Joan was working 20 h a week, her ther-
apy program was scheduled around her work 
schedule. She received 3 h of therapy a week work-
ing on memory compensation, 2 h a week working 
on strengthening and increasing fl exibility in her 
right hand and arm, and 1 h of psychotherapy. 

The cognitive therapist obtained materials from 
Joan’s job site that described steps in  processing 
purchases in which coupons were used, processing 
exchanges, and various other work tasks. Joan 
resisted efforts to review these materials in therapy 
sessions as she indicated that she knew them per-
fectly well and that her problems at work had been 
due to fatigue or computer malfunction. In a pro-
cess that took three or four sessions, the therapist 
was able to convince Joan to write down the proce-
dures and then compare her description of the pro-
cedures to information provided by her supervisor. 
Joan was only willing to do this if the therapist did 
not look at her description, but allowed Joan to 
make the comparison independently. While Joan 
silently looked over her work and the work materi-
als, the therapist noticed that Joan added some 
notes in the margins of her page. The therapist 
commented that she frequently used cue sheets to 
help her recall the steps in complex processes. She 
challenged Joan to see how clever she could be in 
developing a cue sheet that would allow even the 
therapist who was inexperienced in these proce-
dures to complete them. Reluctantly, Joan accepted 
the challenge. Joan’s initial efforts involved a good 
deal of text description and the therapist worked 
with Joan to create briefer cuing strategies that 
emphasized key words and acronyms. 

 Concurrent with Joan’s work with the cogni-
tive therapist, Joan was doing strengthening and 
stretching activities for her right hand and arm 
with an occupational therapist. As her rapport 
with Joan increased, the therapist engaged Joan 
in a conversation about the benefi ts of regular 
exercise for reducing fatigue and improving cog-
nitive abilities. Joan had been an avid cyclist 
before her injury, but had not engaged in any 
regular exercise since her injury. She agreed with 
the therapist to set a goal of walking an hour day, 
4 days a week. The therapist was confi dent that 
Joan could easily reach this goal based on the 
intensity of her past cycling program. 

 The psychotherapist initially focused on 
building a therapeutic alliance with Joan. He 
encouraged Joan to talk about her feelings about 
the accident and how she felt she had been 
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changed by the accident. He refl ected back to her 
the feelings of despair and confusion. After a 
couple of sessions he asked Joan to describe 
 herself as she had been before her injury. Key 
attributes that Joan identifi ed for herself were that 
she was a high energy person and a tireless 
worker. She became tearful when describing the 
overwhelming fatigue that she had felt at times 
since her injury. Knowing that Joan had started a 
walking program, the therapist commented on 
how remarkable it was that she could walk for a 
full hour in spite of her fatigue. Joan responded 
that it was easy, that anyone would walk for an 
hour. She went on to add that she planned to 
increase her walks to 1½ h starting the next week. 
A transforming moment in therapy occurred with 
the therapist asked Joan what she liked to do for 
fun. She had to give this a good deal of thought 
before she answered. She mentioned cycling and 
shopping with her sister and admitted that she 
had done neither of these things since her injury. 
With the therapist’s encouragement she commit-
ted to ask her sister to go shopping with her the 
next weekend. 

 Within 6 weeks of treatment, Joan had per-
fected her cuing sheets for work and regained 
normal strength in her right hand. She had recon-
nected with her sister who had been her primary 
source of social support since her divorce. The 
treatment team negotiated a gradual return to 
fulltime work with Joan’s supervisor with Joan 
increasing her work hours by 5 h a week based on 
feedback from her supervisor that her work was 
satisfactory. Four weeks later Joan was working 
fulltime and felt that she was making progress in 
adjusting to the “new” Joan she found herself to 
be after her injury. 

 Joan’s treatment addressed the triad of work, 
love (her relationship her sister), and play (tak-
ing the initiative to engage in activities that had 
been fun for her prior to her injury). Since Joan’s 
cognitive impairments were relatively mild, she 
was quickly able to improve her skills in devel-
oping self-cuing strategies and she showed good 
benefi t from these strategies. Walking partially 
replaced cycling as a form of exercise as her 
physician had restricted her from return to 

cycling. Joan’s energy level seemed to improve 
as she increased the duration of her walks. Rather 
than reassuring Joan that she was not that 
severely injured and that she would likely con-
tinue to improve, the psychotherapist accepted 
the level of distress that Joan said she was expe-
riencing and looked for opportunities to encour-
age her to engage in activities that would likely 
decrease her distress. The coordinated approach 
taken by the treatment team maximized the 
social infl uence that the team could have in mod-
ifying Joan’s behavior.  

    Summary 

 Research with persons with TBI shows that 
impairment of accurate self-awareness is com-
mon early after injury and in the post-acute 
period. Nonetheless, the level of self-awareness 
improves over time. Preliminary fi ndings suggest 
that the degree of impairment of self-awareness 
must reach a critical level before it adversely 
affects outcome. For an important subgroup of 
persons with TBI, ISA is a key defi cit that affects 
compliance with treatment and outcome. Given 
the impact of ISA, it is important that therapists 
working with persons with ISA are familiar with 
approaches to assessment and intervention. 
While there are a number of proven approaches 
to assessment, treatment approaches require 
additional investigation though it seems clear that 
any successful treatment will involve provision 
of feedback and that client acceptance of feed-
back and compliance with treatment is facilitated 
by a strong therapeutic alliance between the cli-
ent and treatment team. When designing inter-
ventions to address ISA, it is important to have a 
unifi ed approach involving the entire treatment 
team and to tailor the approach to address com-
pliance or self-identity depending on the needs of 
the client.      
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    Abstract  

  A traumatic brain injury (TBI) is a signifi cant life event that can have 
 serious and long-lasting impacts on neurobehavioral and psychosocial 
functioning, and may cause disruptions in major life areas. High levels of 
emotional distress are frequently experienced by persons who have sus-
tained a TBI, and are associated with poorer functional outcomes follow-
ing injury. Effective assessment and treatment of emotional distress and 
the “wounded soul” (J Head Trauma Rehabil 1991, 6(4):1–10) in persons 
with TBI are well-recognized as important components of rehabilitation 
following TBI. This chapter will focus on the most common types of emo-
tional distress experienced by persons who have sustained a TBI: depres-
sion and anxiety. Factors associated with the experience of emotional 
distress following injury, assessment considerations, and interventions for 
emotional distress will be discussed. Finally, two case studies that high-
light issues that may impact the psychological treatment of emotional 
 distress in persons with TBI will be presented.  
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        Depression 

 Depression is the most common mood disorder 
experienced by persons who have sustained a 
traumatic brain injury (TBI). A recent systematic 

review found that the prevalence of depression in 
persons with TBI, diagnosed with structured 
 clinical interviews, was approximately 30 % 
across varying time-points post-injury [ 1 ]. In a 
prospective cohort study of patients hospitalized 
for TBI, 53.1 % of the sample met criteria for a 
diagnosis of depression at some point during the 
fi rst year following injury [ 2 ]. A recent longitudi-
nal study of persons with TBI who received inpa-
tient rehabilitation found that three-quarters of 
those who were depressed at 1 year post-injury 
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experienced clinically signifi cant depressive 
symptoms at 2 years post-injury [ 3 ]. Reported 
rates vary widely, likely refl ecting differences 
across study samples and in how depression is 
assessed (e.g., 11.9–64 % within the fi rst year of 
injury [ 2 ,  4 – 6 ]), yet the reported prevalence rates 
of depression in persons with TBI are often mark-
edly higher than the 7 % rate reported for the gen-
eral population [ 7 ]. These fi ndings underscore 
the large number of persons affected by depres-
sion following TBI. 

 Persons with depression following TBI expe-
rience poorer functional outcomes compared to 
persons without depression following injury, 
even after controlling for the severity of injury 
[ 5 ]. Post-TBI depression has been associated 
with decreased life satisfaction and perceived 
quality of life [ 2 ,  8 ,  9 ], disruptions in social and 
family functioning [ 10 – 12 ], and vocational diffi -
culties [ 11 ,  13 ,  14 ]. A recent study by Hart et al. 
[ 5 ] described a monotonic dose–response rela-
tionship between severity of depression and mea-
sures of disability, societal participation, and 
satisfaction with life. Increasing severity of 
depression was associated with increasing func-
tional defi cits in this sample. Rosenthal, 
Christensen and Ross [ 15 ] described depression 
in persons with TBI as “a barrier to the achieve-
ment of optimal rehabilitation goals in the suc-
cessful reintegration of the patient into the home, 
family, community, and work environment.” 

    Factors Associated 
with Depression Post-TBI 

 Several factors are associated with an increased 
risk of depression following injury, including 
younger age [ 2 ,  5 ], lower levels of education [ 2 , 
 16 ], a premorbid history of psychiatric disorder 
[ 2 ,  17 ], premorbid substance abuse [ 2 ,  5 ,  16 ], 
depression at the time of injury [ 2 ], and poorer 
pre-injury social [ 18 ] and vocational functioning 
[ 16 ]. Findings regarding sex are mixed, with 
some studies showing that women are at greater 
risk for depression following injury [ 5 ] while 
others have found higher rates of depression 
among men [ 16 ]. 

 There is consistent evidence that the severity 
of the injury, which is often defi ned according to 
Glasgow Coma Scale scores or duration of post- 
traumatic amnesia, is not related to depression 
following injury [ 2 ,  5 ,  13 ,  16 ,  19 ]. Yet other 
injury-related factors may contribute to 
 depression following TBI. Major depression fol-
lowing TBI has been associated with reductions 
in hippocampal [ 20 ] and left prefrontal gray mat-
ter volumes, especially in ventrolateral and dor-
solateral regions [ 17 ], as well as hypometabolism 
of the lateral and dorsal frontal cortex and cingu-
late gyrus, and increased activation in ventral lim-
bic and paralimbic structures [ 21 ]. Disruptions to 
major neurotransmitter systems, including serotin-
ergic, glutaminergic, cholinergic, and dopaminer-
gic systems, and neuroendocrine abnormalities 
have also been hypothesized to contribute to 
depression following TBI [ 21 ]. A particular lesion 
location is not considered necessary or suffi cient 
for the development of depression following TBI 
[ 21 ], but biological factors may play a greater 
role in early onset compared to late-onset post-
TBI depression [ 18 ,  22 ]. The development and 
experience of depression following TBI is likely 
infl uenced by biological, psychological, and 
social factors [ 21 ]. 

 The relationship between depression and 
functional outcomes is complicated, since 
depression may contribute to poorer functioning 
via reduced motivation or compliance with reha-
bilitation or may refl ect the emotional response 
to changes in functioning and participation fol-
lowing injury. Studies that investigated the tem-
poral relationship between depression and 
functional status suggest that the experience of 
functional limitations precedes the development 
of later depression [ 23 ,  24 ]. Pagulayan et al. [ 23 ] 
examined health-related quality of life and 
depression at 1, 6, and 12 months post-injury in 
135 adolescents and adults with complicated 
mild to severe TBI, and found that early report of 
health-related impairments was associated with 
depression at 1 year post-injury. In contrast, there 
was no signifi cant relationship between early 
depression and health-related impairments at 
1 year post-injury. Schönberger et al. [ 24 ] inves-
tigated the temporal relationship between depres-
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sion and functional status in 122 adults with mild 
to severe TBI, and found that poor functional sta-
tus at 6 months post-injury predicted depression 
at 12 months post-injury. In a consecutive sample 
of 96 patients with mild to severe TBI, lack of 
improvement in perceived functioning following 
hospital discharge was associated with depres-
sion at 3 months post-discharge, controlling for 
age and depressive symptoms at the time of dis-
charge [ 25 ]. In a related study, the persistence of 
disability and the development of disability fol-
lowing initial recovery were associated with 
depression and decreased feelings of self-worth 
in a sample of 334 persons 5–7 years following 
mild, moderate, or severe TBI [ 19 ]. These fi nd-
ings suggest that the experience of functional 
limitations and disability appears to play an 
important role in depression following TBI.  

    Depressive Symptoms 

 The assessment and diagnosis of depression fol-
lowing TBI can be challenging because some of 
the symptoms of depression, such as poor con-
centration, decreased energy, and sleep distur-
bances, may be attributed to the TBI. Concerns 
regarding infl ated scores on self-report measures 
and inaccurate diagnosis are understandable 
given these overlapping symptoms. Yet depres-
sive symptoms experienced by persons with TBI 
are generally consistent with depressive symp-
toms reported by the general population [ 13 ,  26 , 
 27 ]. Cook et al. [ 26 ] investigated responses to the 
Patient Health Questionnaire 9 (PHQ-9) in a 
sample of primary care patients versus a sample 
of patients with TBI to determine if PHQ-9 scores 
were infl ated among patients with TBI and to 
examine the validity of PHQ-9 items, especially 
those that assess transdiagnostic symptoms, to 
assess depression in persons with TBI. They 
found that all PHQ-9 items were loaded on a sin-
gle depression factor in both the primary care and 
TBI samples. There was no differential item 
functioning that could be attributed to TBI, and 
no systematic infl ation of scores in persons with 
TBI. They concluded that these fi ndings fail to 
support the belief that some symptoms of depres-

sion are not valid indicators of depression among 
persons with TBI. 

 However, depressive symptoms may manifest 
differently among persons with TBI. Seel, 
Macciocchi, and Kreutzer [ 28 ] have described 
how empirically based symptom manifestations 
in persons with TBI may present in relation to 
corresponding DSM-IV criteria for a major 
depressive episode. For example, the symptom of 
depressed mood may appear as irritability, frus-
tration, anger, or aggression. Lack of confi dence, 
discomfort around others, and social withdrawal 
may indicate feelings of worthlessness. Regarding 
the symptom of diminished thinking ability, self- 
reported attention and memory problems are 
often greater than objective fi ndings [ 28 ]. 
Symptoms that have been found to differentiate 
depressed from non-depressed persons with TBI 
include rumination, self-criticism, distress, guilt, 
depressed mood, lack of energy, feelings of 
worthlessness, and suicidal ideation [ 27 ,  29 ]. 
Although discussion of aggressive behaviors fol-
lowing TBI is beyond the scope of this chapter, it 
is important to note that among persons with 
aggression following TBI, depression is often 
present [ 17 ,  30 ].  

    Depression and Cognition 

 There is some evidence that depression impacts 
cognition, especially executive functioning, fol-
lowing TBI [ 17 ,  31 ,  32 ]. Schiehser et al. [ 32 ] 
investigated neuropsychological functioning, 
depression, and symptom-complaints in a sample 
of 71 noncombatant military personnel with mild 
to moderate TBI. They found that depression, but 
not injury severity, was associated with decreased 
scores on measures of executive functioning and 
memory. In a study by Jorge et al. [ 17 ], 91 
patients with mild, moderate, and severe trau-
matic brain injury underwent comprehensive 
psychiatric and neuropsychological evaluations 
at 3 months post-injury. Patients with and with-
out major depression did not differ on measures 
of injury severity. However, patients with major 
depression performed worse on two of three mea-
sures of executive functioning when compared to 
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patients without major depression; no differences 
were observed on measures of language and 
memory. In a sample of 74 patients with mild to 
moderate TBI approximately 6 months post- 
injury, patients with major depression performed 
worse on measures of working memory, 
 processing speed, and verbal memory, and 
showed greater perseveration on the Wisconsin 
Card Sorting Task [ 33 ]. In contrast, in a separate 
sample of 100 patients with moderate to severe 
TBI, there was no relationship between depres-
sion and neuropsychological functioning at 6 
months post-injury [ 34 ]. In a related study, Fann 
et al. [ 35 ] reported improvements in psychomo-
tor speed, cognitive effi ciency, verbal memory, 
and fl exible thinking following an 8-week treat-
ment trial of sertraline for depression in a sample 
of 15 persons with mild TBI.   

    Anxiety 

 The literature on anxiety following TBI, though 
smaller compared to that on post-TBI depression, 
indicates that anxiety is commonly experienced 
in persons with TBI [ 36 – 41 ]. The reported rates 
for anxiety disorders, like those for depression, 
vary due to methodological and sample differ-
ences but are generally higher than the rates 
reported for the general population [ 7 ]. 
Generalized anxiety disorder (GAD) and post- 
traumatic stress disorder (PTSD) are the most 
frequently diagnosed anxiety disorders in per-
sons who have sustained a TBI. Gould et al. [ 40 ] 
investigated the development of psychiatric dis-
orders using a structured clinical interview in a 
prospective sample of 102 persons with predomi-
nantly moderate to severe TBI, and found that 
44 % met criteria for an anxiety disorder during 
the fi rst 12 months following injury. The most 
common anxiety disorders diagnosed were anxi-
ety disorder not otherwise specifi ed (35 %) and 
PTSD (12.7 %). Whelan-Goodinson used a com-
puterized structured clinical interview to study 
psychiatric disorders in a sample of 100 persons 
with medically documented mild to severe TBI 
who were between 6 months and 5½ years post- 
injury and found that 38 % experienced at least 

one anxiety disorder [ 42 ]. The most common dis-
orders were GAD (17 %) and PTSD [14 %]. 
Ashman et al. [ 36 ] investigated rates of Axis I 
disorders in 188 persons with self-identifi ed TBI 
between 3 months and 4 years post-injury. The 
rate of PTSD was 38 % among those at 1 year 
post-injury, 18 % for those at 2 years post-injury, 
and 33–34 % among those 3–4 years post-injury. 
The combined rate of other anxiety disorders was 
30 % among those at 1 year post-injury, 27 % for 
those at 2 years post-injury, 21 % at 3 years post- 
injury, and 26 % at 4 years post-injury. Anxiety, 
like depression, is also associated with poorer 
functional outcomes, including occupational 
activities and interpersonal relationships [ 43 ]. 

 There is a high level of comorbidity between 
mood and anxiety disorders in persons who have 
sustained a TBI. Prevalence rates for the presence 
of a comorbid anxiety disorder among persons 
with depression following TBI range from 41 to 
76.7 % [ 2 ,  17 ,  44 ]. Anxiety is more common in 
depressed persons with TBI than in nondepressed 
persons with TBI [ 2 ]. The most consistent factor 
associated with anxiety following TBI is the pre- 
injury history of anxiety disorder [ 36 ,  40 ,  45 ]. 
However, some studies have also reported that 
older age [ 45 ], unemployment [ 45 ], and being 
female [ 36 ] were associated with anxiety follow-
ing TBI. The current evidence suggests that 
injury severity is not associated with anxiety fol-
lowing injury [ 40 ,  45 ], which is consistent with 
the fi ndings regarding depression and injury 
severity. Memory for the traumatic event has 
been associated with the development of PTSD 
in a prospective study of 120 persons with mild 
TBI [ 46 ]. Fourteen percent of the overall sample 
met criteria for PTSD at 6 months post-injury, 
and persons with memory of the traumatic event 
were at higher risk for developing PTSD com-
pared to persons with no memory for the event. 
Memory of the traumatic event, acute post- 
traumatic symptoms, acute symptoms of depres-
sion and anxiety, and history of psychiatric 
disorder were associated with increased risk of 
PTSD at 6 months post-injury in this sample. 

 Much of the recent literature on PTSD and 
TBI has focused on mild TBI in military samples. 
The relationship between PTSD and mild TBI is 
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complicated due to the overlap of symptoms and 
their association with postconcussive symptoms. 
A discussion of postconcussion syndrome is 
beyond the scope of this chapter. Yet it is impor-
tant to note that reports of postconcussion 
 symptoms and post-traumatic stress are highly 
interrelated in military samples. For example, 
Hoge et al. [ 47 ] reported that soldiers with injury- 
related loss of consciousness (LOC) had higher 
rates of physical and post-concussive symptoms 
compared to soldiers with other injuries as a 
result of injury; however, these relationships, 
with the exception of headache, were not signifi -
cant after adjusting for PTSD and depression. 
Other studies using military samples have also 
found that postconcussive symptom reporting 
following mild TBI is related to PTSD [ 48 ].  

    Suicide 

 A number of population-based and clinical stud-
ies have documented an increased risk of death 
from suicide among persons who have sustained 
a TBI [ 49 – 51 ]. Persons with TBI are at three to 
four times higher risk for committing suicide 
compared to the general population [ 52 ]. Elevated 
rates of suicide attempts [ 53 ] and suicidal ide-
ation [ 54 ] have also been reported among persons 
with TBI. Persons who sustain a TBI as a result 
of a suicide attempt had more pre-injury psychi-
atric and psychosocial problems, including sub-
stance abuse, previous suicide attempt, and 
previous psychiatric hospitalization compared to 
persons with unintentional injuries [ 55 ]. 

 Increased risk of suicide in persons with TBI 
has been associated with several factors including 
concurrent psychiatric disorders, substance abuse, 
and self-infl icted mechanism of injury [ 49 ]. 
Persons with ICD codes indicative of more severe 
injuries (cerebral contusion, intracerebral hemor-
rhage) showed an increased risk of suicide com-
pared to persons with ICD codes suggestive of less 
severe injuries (concussion, cranial fractures) [ 49 ]. 
The fi ndings regarding sex are mixed, with some 
studies reporting no sex differences with respect to 
suicide attempt or suicidal ideation [ 52 ,  54 ], while 
others have reported an increased risk of death by 

suicide among females [ 49 ]. Persons with TBI 
with a post-injury history of emotional or psychi-
atric disorders, substance dependence, or both are 
more likely to attempt suicide compared to those 
with no signifi cant psychiatric or substance abuse 
history [ 56 ]. Some neurobehavioral consequences 
of TBI, such as aggression, depression, and impul-
sivity, and concomitant disturbances in family and 
occupational functioning, are also general suicide 
risk factors and may contribute to increased risk 
following injury [ 57 ]. 

 Tsaousides et al. [ 54 ] investigated suicidal 
ideation (SI), defi ned as thoughts of dying or sui-
cide with or without plan, in a sample of 356 
adults who had experienced TBI. Approximately 
28 % of this sample endorsed SI at least once dur-
ing a 5-year follow-up period. SI was associated 
with pre-injury substance abuse, post-injury anx-
iety disorders, and concurrent depressive and 
anxiety disorders, but was not related to demo-
graphic characteristics, injury severity, time post-
injury   , or pre-injury psychiatric history. SI was 
also associated with lower perceptions of well-
being, quality of life, and perceived social sup-
port. The latter is consistent with research with 
veterans that suggests that social support may 
serve as a protective buffer against SI [ 58 ]. 

 Attention to warning signs as well as knowl-
edge of risk factors is important in the assess-
ment of suicide risk in persons with TBI. 
Simpson and Tate [ 56 ,  59 ] conducted interviews 
with 43 persons with TBI who had attempted 
suicide to identify antecedent circumstances to 
the attempt. Results of these interviews revealed 
that warning signs and circumstances that pre-
ceded the attempt included feelings of depres-
sion and hopelessness (e.g., “sick of being the 
way that I was”; “wish my life had ended at the 
accident”), relationship confl icts and break-
downs (“my wife decided to separate and took 
the children”), instrumental diffi culties, social 
isolation, an intolerable accumulation of stress, 
and nonspecifi c references regarding perception 
of injury (e.g., “nothing can be done to treat the 
brain injury”). They also found that 48.3 % of 
those who made an attempt post-injury made at 
least one other suicide attempt, and that repeated 
events were often done over a circumscribed 
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time period. Simpson and Tate [ 56 ] argue that 
persons with TBI who have attempted suicide 
should be closely monitored for at least 1 year 
following their fi rst attempt. 

 There is no evidence for a critical post-injury 
time period for increased risk of suicide [ 54 ,  60 ]. 
Rather, this risk appears to persist over time [ 54 , 
 60 ]. Given the persistence of elevated risk, 
Wasserman et al. [ 61 ] propose that clinicians uti-
lize a low threshold for screening for suicide 
among persons with TBI, especially for those 
with mood disorders and substance abuse, and 
include inquiries regarding suicidal ideation, 
behavior, and intent in clinical interviews [ 28 ]. 

 There is no signifi cant evidence regarding the 
validity of screening instruments specifi cally for 
suicide in persons with TBI, or for the effectiveness 
of specifi c treatments for suicidality in persons 
with TBI. Therefore, adherence to current general 
practice guidelines is recommended [ 57 ,  60 ]. 
Simpson and Tate [ 60 ] have described how the 
Institute of Medicine’s three-tiered model of sui-
cide prevention strategies (universal, selected, indi-
cated) can be applied to the TBI population. These 
prevention strategies are presented in Table  1 .

       Assessment Considerations 

 The structured clinical interview remains the 
gold standard for diagnosing depressive and anx-
iety disorders in persons with TBI. However, 
self-report measures are often used to screen for 
emotional distress and to monitor symptoms 
over time. Self-report measures are frequently 
used clinically and in empirical investigations of 
emotional distress. There are several measures 
with demonstrated validity as screening mea-
sures for depression and anxiety following TBI 
[ 28 ,  62 ]. These measures include: the Beck 
Depression Inventory-II [ 63 ], the Center for 
Epidemiological Studies-Depression Scale [ 64 ], 
the Patient Health Questionnaire-9 [ 65 ], 
Neurobehavioral Functioning Inventory-
Depression Scale [ 66 ], the Depression Anxiety 
Stress Scales [ 67 ,  68 ], and the Hospital Anxiety 
and Depression Scale [ 69 ]. 

 Self-report measures are best used for ruling 
out the presence of an emotional disorder [ 28 ]. 

Cook et al. [ 26 ] suggest that clinicians utilize an 
“inclusive” approach to the diagnosis of depres-
sion following TBI, where all symptoms are 
counted toward the diagnosis regardless of 
 possible cause (e.g., TBI or depression), and that 
clinicians not minimize reported cognitive or 
somatic symptoms when diagnosing depression 
in this population. Clinicians should use struc-
tured clinical interviews following a positive 
screen to confi rm a suspected diagnosis in persons 
with TBI. The structured clinical interview is also 
indicated for the differential diagnosis of patients 
with TBI who present with complex symptoms 
and with symptoms that can be attributed to mul-
tiple disorders [ 28 ]. In cases where clinicians 

   Table 1    Suicide prevention in persons with TBI   

 Level of intervention  Clinical management 

 Universal  • Promote positive mental 
health 

 • All persons 
with TBI 

 • Assess hopelessness and SI 
proactively 

 • Recognize that persons may 
be at risk at various times 
post-injury 

 • Promote long-term supports 
 • Monitor males and females 

equally 
 Selected  • Provide treatment for 

emotional disorders and 
substance abuse 

 • Persons with TBI 
at risk for suicide 

 • Monitor persons with 
comorbid conditions and 
persons who sustained TBI 
as result of suicide attempt 

 Indicated  • Reduce lethality of 
environment 

 • Persons with TBI 
for whom suicide 
is an identifi ed 
issue 

 • Provide treatment for 
emotional disorders and 
substance abuse 

 • For persons with past suicide 
attempt, be aware that 
persons may use more than 
one method 

 • Conduct full clinical 
interview, including 
structured risk assessment 

 • Monitor for at least 12 
months following a suicide 
attempt 

 • Provide emergency contact 
card with crisis numbers 

  Adapted from Simpson and Tate  
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have concerns regarding the impact of impaired 
awareness on the validity of a patient’s responses, 
use of specifi c and concrete questions during the 
clinical interview is recommended [ 28 ].  

    Interventions 

 Patients with depression and/or anxiety may receive 
pharmacological and/or psychological treatment for 
their emotional distress. Unfortunately, the litera-
ture suggests that there are large numbers of persons 
with clinically signifi cant depression and anxiety 
who are not receiving treatment [ 2 ,  42 ]. There is 
insuffi cient evidence regarding the effi cacy of a 
specifi c class of medications for the treatment of 
depression or anxiety following TBI [ 70 ,  71 ]. 
There is not suffi cient evidence to support prac-
tice recommendations regarding specifi c psycho-
logical treatments for depression or anxiety [ 70 , 
 71 ] of persons with TBI. However, there is a 
growing body of literature investigating the use 
of psychological interventions validated in the 
general population, especially cognitive-behav-
ioral therapy, to treat emotional distress in per-
sons with TBI. 

 Cognitive-behavioral approaches to the treat-
ment of emotional distress have demonstrated 
effectiveness in many populations, and appear 
ideally suited for the TBI population because 
they offer inherent structure and focus. This 
structure and content can be adapted for use with 
persons with cognitive defi cits [ 72 ]. In fact, the 
majority of psychological interventions for 
 emotional distress following TBI described in the 
extant literature are cognitive-behavioral inter-
ventions that have been modifi ed for use with 
persons with cognitive defi cits following injury 
[ 73 – 76 ] or include cognitive-behavioral compo-
nents [ 77 ]. Results of these studies suggest that 
the use of adapted cognitive and behavioral inter-
ventions may improve emotional functioning fol-
lowing TBI. However, there are several limitations 
to these fi ndings including small sample sizes, 
lack of control group, mixed etiology of injury, 
and use of convenience samples that may not be 
experiencing signifi cant levels of emotional dis-
tress. Some studies excluded persons with more 

severe cognitive defi cits, resulting in improved 
internal validity, but limited generalizability of 
fi ndings and prevention of further examination of 
the impact of cognitive defi cits on response to the 
intervention. 

 Persons who sustain a TBI, especially a 
 moderate or severe TBI, often experience cogni-
tive defi cits that could have a negative impact on 
their ability to benefi t from standard psychologi-
cal treatments. For example, poor attention and 
memory could impact learning and recall of ses-
sion content. Decreased initiation could impact 
perceived compliance with treatment. Problem- 
solving defi cits could impact completion of 
homework assignments. Thus, psychological 
interventions for the treatment of depression and 
anxiety following TBI should take such defi cits 
into account and be adapted to fi t the needs of the 
individual client. Incorporating cognitive reha-
bilitation techniques into psychotherapeutic 
interventions may be important for maximizing 
response to psychological treatments for emo-
tional distress following brain injury [ 78 ]. 

 Reported adaptations to the structure and con-
tent of cognitive-behavioral interventions are 
listed in Table  2 . These and other adaptations 
have also been applied in a recent pilot study of a 
mindfulness-based stress reduction program for 
reducing depression in persons with mild TBI 
and post-concussion syndrome [ 79 ]. Findings to 
date suggest that persons with cognitive defi cits 
can participate in and benefi t from these adapted 
interventions [ 73 ,  74 ,  76 ].

   Table 2    Adaptations to cognitive-behavioral interventions   

 • Provision of 
supplementary written 
materials 

 • Built-in repetition and 
review of key concepts 

 • Focus on concrete goals  • Providing “extra time” 
for sessions 

 • Provision of session 
summary notes 

 • Providing within-
session breaks 

 • Limiting the amount 
of text on worksheets 

 • Use of larger font size 

 • Limiting size of group  • Using visual aids and 
checklists 

 • Providing multiple 
choice options on 
worksheets 

 • Reducing emphasis on 
self- directed, higher 
level reasoning skills 
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   It is also important to note that psychological 
treatment of emotional distress is a key compo-
nent of comprehensive cognitive rehabilitation 
programs, and there is evidence that participation 
in these programs is associated with improved 
outcomes, including community integration, life 
satisfaction, emotional functioning, and self- 
effi cacy [ 80 ,  81 ]. However, the impact of pro-
gram components that are specifi c to the treatment 
of emotional distress is unknown at this time. 

 The importance of developing and maintain-
ing a meaningful life following TBI is often an 
important part of psychotherapy following TBI 
[ 82 ]. Ruff [ 83 ] describes some of the unique 
issues faced by psychotherapy clients with TBI 
due to the nature of their injury-related defi cits 
and their effects on multiple life areas, including 
social relationships, vocational functioning, and 
fi nancial status. Ruff suggests specifi c topic areas 
to explore when helping clients to re-establish 
meaning following TBI. These include identify-
ing expectations for the anticipated future prior to 
injury, understanding how the TBI has altered the 
client’s life and introduced functional limitations, 
grieving the loss of the anticipated future, and 
developing a realistic and meaningful future that 
involves living in accordance with one’s core val-
ues. Given the relationship of functional limita-
tions to depression, addressing functional 
limitations may be of considerable importance 
for improving and maintaining emotional 
 well- being. Pagulayan et al. [ 23 ] suggest that 
 addressing functional limitations may be an 
important part of treatment for depression in per-
sons with TBI. Finally, consideration of individ-
ual preferences regarding treatment types is also 
important since comfort with and acceptance of 
treatment type may impact participation and 
adherence. Fann et al. [ 84 ] conducted a telephone 
survey of 145 persons with mild to severe TBI to 
explore preference regarding different treatments 
for depression. Physical exercise and counseling 
were preferred over other types of treatment 
including antidepressants, self-help materials, 
and group therapy or support groups. 

 There is a strong need for more research in 
psychotherapeutic interventions for emotional 
distress following TBI. Specifi cally, future studies 

should include larger samples, utilize measures 
validated for the diagnosis of emotional distress 
in the TBI population, include an appropriate 
 control condition as well as measures of treat-
ment fi delity, and include long-term follow- up 
 assessments. Investigation of cognitive and 
 psychosocial factors that may impact response to 
treatment is also warranted so that patients may 
be “matched” with the treatment most appropriate 
for them. Examination of interventions validated 
in other populations, such as behavioral activation 
approaches, may also be benefi cial. Development 
and evaluation of interventions that target the 
needs of persons with dual substance abuse and 
mood disorder diagnoses following TBI is impor-
tant given the unique needs of this population. 
Finally, efforts aimed at preventing depressive 
and anxiety disorders and maintaining emotional 
well-being over time can have signifi cant and 
positive impacts on persons with TBI.  

    Case Studies 

 The following case studies present different psy-
chological approaches to treating emotional dis-
tress in persons who have experienced a TBI, and 
discuss factors that can inform treatment plan-
ning. Case 1 is an example of the treatment of 
emotional distress in a traditional outpatient set-
ting. Case 2 is an example of the treatment of 
emotional distress within an interdisciplinary 
rehabilitation setting, and illustrates how other 
behavioral interventions can have an impact on 
emotional functioning following TBI. These 
examples also highlight how cognitive rehabilita-
tion techniques can be incorporated into psycho-
logical interventions for emotional distress. 

    Case 1 

 A 39-year-old woman who experienced a moder-
ate TBI at the age of 22 presented for neuropsy-
chological evaluation with complaints of 
attention problems and anxiety. There was no 
other signifi cant medical history. The patient 
graduated from high school and was employed 

A.N. Clark



265

full-time in a call center. She was the single 
mother of an 11-year-old boy. During the clinical 
interview, the patient described feeling over-
whelmed at work following a recent promotion 
and uncertain of her ability to handle new job 
responsibilities. Her son is enrolled in gifted 
classes at his middle school, and she stated she 
was “not smart enough since my injury” to help 
her son with his increasingly diffi cult homework 
or to communicate with his teachers. She 
reported feeling “sick to my stomach” at a recent 
back-to- school night as the teachers reviewed 
upcoming student projects. Neuropsychological 
evaluation revealed mild impairments in informa-
tion processing speed and variable performance 
on measures of attention, verbal learning, and 
memory. Performance on other cognitive mea-
sures was within normal limits. Responses to self-
report measures of emotional functioning revealed 
moderate to severe anxiety and mild depressive 
symptoms. The patient was referred for psycho-
logical treatment for anxiety and depression. 

 The results of the neuropsychological evalua-
tion suggested that this patient would be a good 
candidate for a psychological intervention that 
included components of CBT, and her treatment 
plan was developed in accordance with this 
model. The patient expressed good understand-
ing of this therapeutic approach and was able to 
identify thoughts with minimal prompting. She 
was an active and engaged participant during 
treatment sessions; however, she demonstrated 
very poor completion of assigned homework. 
Discussion of this homework issue revealed that 
the patient misplaced her homework on some 
occasions and, at other times, did not remember it 
until she was on the way to her appointment. 
Thus, this failure to complete the homework 
refl ected a memory problem rather than noncom-
pliance with the treatment plan. The therapist 
applied a structured problem-solving approach to 
the discussion of potential compensatory strate-
gies she could use to help remember her home-
work, including the use of a memory station, 
memory notebook, smartphone, and checklists. 
The patient expressed a strong preference for use 
of her smartphone applications to help remember 
homework, and to have electronic versions of the 

homework that she could access easily. The 
patient, in collaboration with the therapist, devel-
oped a compensatory strategy centered around 
her smartphone to help her remember her home-
work. This strategy became quite successful fol-
lowing some initial refi nement of the components. 
The patient’s role in developing this strategy and 
successfully managing this memory problem was 
also used as evidence to counter her belief that 
she was “not smart enough” since her injury.  

    Case 2 

 A 19-year-old male who experienced a severe TBI 
at the age of 7 was referred to a post-acute brain 
injury rehabilitation program for vocational ser-
vices. Neuropsychological evaluation showed 
impairments in multiple domains including atten-
tion, learning, memory, executive functions, and 
processing speed, as well as clinically signifi cant 
depressive symptoms. Clinical interview revealed 
that the patient had some acquaintances, but no 
close friends; he socialized exclusively with family. 
Notable social communication defi cits were 
observed including poor eye contact, the telling of 
moderately offensive jokes, frequent interruptions 
characterized by off-topic comments. The exam-
iner noted that the client frequently acted younger 
than his age. His stated goals were to get a job, to 
obtain his driver’s license, and to have a girlfriend. 

 In contrast to Case 1, the results of the neuro-
psychological evaluation described in Case 2 
documented several cognitive impairments that 
would likely impact his ability to benefi t from a 
CBT-based approach, especially impairments in 
executive functions. Thus, a more behavioral 
approach to the treatment of his depressive symp-
toms appeared warranted. The client expressed 
understanding of, and agreement with, his treat-
ment plan. Further assessment revealed that the 
client enjoyed outdoor activities such as playing 
sports and walking with his dog   . The client and 
therapist developed a schedule of regular mean-
ingful activities and investigated community-
based recreational sports programs which led to 
his registration in a local judo class. Initially, he had 
some diffi culty following his activity schedule. He 
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reported that he could not remember what he was 
supposed to do fi rst. Family also reported that he 
would confuse the order of the steps or get dis-
tracted by another activity and fail to return to the 
task. The therapist helped the client to develop 
checklists that contributed to improved comple-
tion of the tasks. Also, family decided to start 
paying client for completing household chores, 
including simple yard work and laundry, to 
reward successful task completion. Participation 
in meaningful activities and task completion 
improved. This was associated with improve-
ments in depressive symptoms. The patient also 
participated in a social skills intervention group 
to address his social communication problems. 
Strengthening social skills can contribute to 
improved relationships with others, and thus 
increase perceived social support, which also 
plays an important role in the experience of emo-
tional distress.      
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    Abstract  

  Family members are an important source of support for persons with 
traumatic brain injury (TBI) during the recovery process and are potential 
partners in the rehabilitation process. Unfortunately, family members 
often experience substantial emotional distress and disruption of family 
functioning. These diffi culties can impact the rehabilitation process and 
the recovery of the person with injury. Understanding the problems faced 
by family members and potential ways to assist them in helping the person 
with injury to achieve maximum functioning is important for neuropsy-
chologists working in the area of TBI. The current chapter begins with an 
overview of the types of diffi culties faced by family members in the acute 
and chronic phases of TBI. Next, an overview will be provided of the ways 
in which neuropsychologists can work with family members in different 
treatment settings including acute care, inpatient rehabilitation, post-acute 
rehabilitation, and private practice. For each setting, case examples are 
provided to describe the role of the family in treatment and how the neu-
ropsychologist can meet family members’ needs and involve them as part-
ners in the rehabilitation process. The chapter ends with additional tips for 
working with family caregivers after TBI, along with a  sample of educa-
tional resources that can be distributed to family members.  
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Emotional distress, including depression and 
anxiety, has been documented during the fi rst 
year following injury and as long as 7 years 
after injury [ 1 – 10 ]. While injury-related 
impairments in the person with TBI often 
improve over time, caregivers have been shown 
to experience increased distress over time [ 11 , 
 12 ]. This distress is manifested in a variety of 
ways, including increased seeking of mental 
health services and use of alcohol and sedative 
drugs [ 13 ]. Approximately one-third of pri-
mary caregivers of persons with TBI report 
clinical levels of pre- injury emotional distress, 
which may make them especially vulnerable to 
poor adjustment following injury [ 14 ]. Indeed, 
caregivers with a pre- injury history of treat-
ment for psychological diffi culties have been 
shown to report greater emotional distress at 
1 year following injury [ 15 ]. 

 Research has also documented the negative 
impact of TBI on family relationships. 
Caregivers have reported disruption of normal 
family functioning following TBI, including 
decreased communication, blurring of family 
roles, and decreased sharing of warmth and 
affection [ 4 ]. These changes may be partially 
related to cognitive and behavioral impair-
ments in the person with TBI, but can also be a 
result of injury-related changes in family 
schedules, fi nances, and lifestyles. For exam-
ple, fi nancial stress may occur when the person 
with injury is not able to resume working. This 
can result in other family members working 
extra jobs, which leads to reduced family time. 
This situation can also lead to feelings of 
resentment for some family members and guilt 
for others, which can further strain relation-
ships, resulting in a disruption of normal fam-
ily functioning. 

 The marital relationship has been shown to 
be particularly vulnerable to negative conse-
quences based on TBI, with spouses of persons 
with TBI reporting substantial levels of distress 
[ 16 – 18 ]. This distress is related to altered 
dynamics of the relationship (e.g., spouse in a 
dependent role), as well as role strain resulting 
from the uninjured spouse resuming a larger 

number of fi nancial and household responsibili-
ties [ 19 ]. Emotional and behavioral changes in 
the person with injury have been noted as a pri-
mary factor contributing to spousal distress [ 20 , 
 21 ], and many spouses report feeling as if they 
are married to a stranger [ 19 ]. Reduced physical 
and emotional intimacy [ 22 ], as well as more 
negative perceptions and interactions within 
couples’ relationships [ 23 ], have been docu-
mented. These changes can lead to reduced mar-
ital satisfaction [ 19 ,  23 ], reduced relationship 
quality [ 12 ], and eventually to separation or 
divorce [ 24 ,  25 ]. 

 Due to the fact that TBI occurs dispropor-
tionately in younger people, it is not uncom-
mon for persons with TBI to be single at the 
time of injury. In these cases, a parent may be 
the primary caregiver. There is some evidence 
that parents adjust better to the role of caring 
for a person with TBI as compared to spouses 
[ 16 – 18 ]; however, this finding has not been 
consistent across studies and parents have 
been noted to have emotional distress follow-
ing injury [ 3 ,  5 ,  6 ]. Parents are often elderly 
and/or retired and may have limited resources 
to care for an adult child with injury. 
Furthermore, caring for an adult child with 
TBI may result in disruption of existing roles 
and boundaries as the adults were likely func-
tioning independently of parents before injury 
and may now be in an unanticipated role of 
dependency. Conflicts between independence 
and dependence can be particularly stressful 
in these situations as the parents of an adult 
with TBI may have to restrict activities of 
their child due to cognitive or behavioral 
impairments. 

 While there is no research on the impact of 
parental TBI on children in the family, it is diffi -
cult to imagine that the children are unaffected. 
Children may experience substantial emotional 
distress including fear for their own safety and 
that of their parents, depression and anxiety 
regarding changes in their parent with injury, 
anger or resentment regarding decreased atten-
tion from one or both parents, and uncertainty 
regarding their futures. Children in this situation 
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may become depressed or may act out behavior-
ally. This can result in increased stress on the 
family system.  

    Importance of Addressing Family 
Caregiver Needs in the Context of 
Providing Neuropsychological 
Services Following TBI 

 For persons recovering from TBI, family members 
or caregivers can play a crucial role in following 
through with recommended strategies and services 
and can contribute to positive outcomes for the per-
son with TBI. Researchers have documented that 
caregiver distress and unhealthy family functioning 
are related to worse participation outcomes for per-
sons with complicated mild to moderate injury [ 26 ] 
and that poor progress in post-acute rehabilitation 
is predicted by unhealthy family functioning [ 27 ] 
and caregiver emotional distress [ 28 ]. This is likely 
because family caregivers experiencing distress are 
less able to provide a supportive environment to 
facilitate the ability of the person with TBI to com-
pensate for injury-related impairments and to assist 
with resuming activities in the home and commu-
nity. Neuropsychologists who work in rehabilita-
tion settings treating persons with TBI can facilitate 
positive outcomes by engaging family caregivers in 
treatment. This is particularly the case when teach-
ing strategies to compensate for cognitive impair-
ments such as those in attention, memory, and 
executive functioning (e.g., planning, problem- 
solving, self-regulation). The length of stay in reha-
bilitation programs is typically brief and family 
members can assist with generalizing the strategies 
to everyday activities in the home and community. 
Even neuropsychologists who do not work in a 
rehabilitation setting will have reason to engage 
family members. While some neuropsychologists 
still work in settings where testing is used solely for 
diagnostic purposes, this is becoming much more 
rare. It is typical for referral sources to request rec-
ommendations for improving function in the face 
of cognitive impairments. Given that most persons 
with TBI have impairments that may make it diffi -
cult to recall and independently follow through 

with recommendations, providing feedback to 
family members is an important method of provid-
ing comprehensive care. Family members who are 
physically and mentally healthy are more likely to 
follow through with recommendations.  

    Family Caregiver Needs 

 Kreutzer and colleagues completed a series of 
studies documenting the needs of family caregiv-
ers at various time points following TBI [ 29 – 31 ]. 
Their fi ndings provided evidence that the priority 
rated as most important by family members was 
the need to receive medical information and edu-
cation on the physical, cognitive, and emotional/
behavioral changes associated with TBI. Family 
members expressed a desire to have this informa-
tion presented honestly and in language that they 
could understand. This series of studies also 
investigated the extent to which family members 
perceived their needs as being met. While family 
members largely reported their needs for informa-
tion as being met, they reported needs for emo-
tional support and instrumental support (e.g., help 
with practical things like housekeeping) as pri-
marily unmet. These needs were reported as 
unmet by most family members up to 2 years 
post-injury. This is  signifi cant, as unmet needs are 
related to greater distress for caregivers [ 32 ]. 
Understanding caregiver needs and accurately 
assessing their  emotional functioning is important 
for neuro-psychologists in order to facilitate 
appropriate referrals and to maximize the likeli-
hood that the person with TBI will benefi t from 
recommendations and/or treatment.  

    Neuropsychologists’ Roles 
in Treating and Collaborating 
With Family Caregivers 

 The role of neuropsychologists in working with 
family caregivers can differ by setting. Therefore, 
the roles will be discussed in reference to inpatient/
acute trauma, inpatient rehabilitation, post- acute 
rehabilitation, and private practice settings. 
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    Inpatient/Acute Trauma Setting 

 The inpatient acute trauma experience is a par-
ticularly diffi cult one for family members. The 
catastrophic nature of the injury is usually emo-
tionally overwhelming, and family members can 
be confused about the information that they are 
often bombarded with from neurosurgeons and 
the rest of the trauma team. Particularly in the ini-
tial days following injury, their emotions may be 
up and down. They may move from fear over the 
possibility of losing their loved one, to joy over 
their survival, to concern for their post-injury 
functioning. The role of the neuropsychologist 
during this phase is to provide early education 
and emotional support to the family. Initial edu-
cation should be brief, as family members may 
have diffi culty processing and recalling detailed 
information when they are under such emotional 
distress. Simple information on how the brain is 
affected by TBI and why certain medical proce-
dures are being performed should be provided in 
language that they can understand rather than in 
medical or psychological jargon. Emotional sup-
port should be provided as needed. 

 The need for education becomes more inten-
sive as the person with TBI emerges from the 
critical period, regains consciousness, and moves 
from the neurosurgery critical care unit to a regu-
lar hospital fl oor. At this point, family members 
may be surprised and confused by some common 
TBI-related behavior. For example, many per-
sons with TBI demonstrate a phase of agitation, 
which can result in them pulling out medical 
tubes and devices and, in some cases, physically 
lashing out at treatment staff and/or family mem-
bers. The neuropsychologist is often the profes-
sional who is best equipped to explain this 
behavior to family members as a normal part of 
the recovery process, to educate them on the tem-
porary nature of these symptoms, and to advise 
them on ways to help reduce the agitated behav-
ior by maintaining reduced stimulation in the 
environment, limiting the number of visitors at 
any one time, speaking quietly, and avoiding sur-
prise approaches. 

 Family members are also confused by the 
period of posttraumatic amnesia or confusion 

that typically follows in the hours, days, or weeks 
after injury. They do not initially understand why 
their loved one seems to be unaware of the pas-
sage of time or is unable to hold on to informa-
tion from one moment to the next. Education and 
reassurance that these symptoms will resolve 
over time is important. Neuropsychologists can 
play an important role during this time by track-
ing patients’ emergence from posttraumatic 
amnesia and informing family members of prog-
ress. Family members should also be educated on 
what information to provide patients with while 
they are in the stage of posttraumatic amnesia. 
The following case demonstrates how confusing 
posttraumatic amnesia can be for family mem-
bers and the role that the neuropsychologist can 
play in helping them through it.

  MP was a 20-year-old woman who sustained a 
TBI in a motor vehicle accident. Her boyfriend 
of 2 years was the driver of the vehicle and did 
not survive. MP remained in coma for 6 days. 
When she emerged from coma, she was moved 
to a regular hospital fl oor and was able to move 
around, consistently follow commands, and 
communicate her needs. She was not able to 
recall that she had been in a motor vehicle acci-
dent and did not hold on to the information when 
it was explained to her. She intermittently real-
ized that she was in a hospital, but at times, 
thought that she was in the college dormitory 
where she had resided prior to injury. She repeat-
edly asked her parents where her boyfriend was 
and why he was not visiting. Her parents were 
confused by her inability to recall events and 
were distressed about having to tell her that her 
boyfriend had passed away. The neuropsycholo-
gist explained why MP was experiencing confu-
sion and let the parents know that this is a normal 
stage of recovery that would resolve over time. 
As she was unable to retain information told to 
her and was in the very early stages of recovery, 
the neuropsychologist advised the family to 
redirect her attention when she asked about her 
boyfriend. This action would avoid the parents 
having to experience the distress of retelling the 
story to her on multiple occasions and also avoid 
distressing MP at a time when she did not have 
the cognitive capacity to process the news. 
Fortunately, MP was easy to redirect, which the 
neuropsychologist was aware of based on their 
interactions. Over the following two weeks, MP 
emerged from posttraumatic amnesia and began 
to recall that she had been at a party with her 
boyfriend and they had gotten in the car to drive 
home. At that point, the neuropsychologist 
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advised her parents that it was appropriate to 
inform her of her boyfriend’s death and provided 
emotional support during the process. 

   A subset of persons with TBI remain in a veg-
etative or minimally conscious state for an 
extended period of time. The neuropsycholo-
gist’s role for these families is to provide educa-
tion related to the prognosis for recovery in 
patients with prolonged duration of unconscious-
ness and to assist them with decision-making 
regarding post-rehabilitation placement. Family 
members making these decisions will need coun-
seling to manage their grief and distress and to 
avoid guilt and self-blame if they decide that they 
are unable to provide in-home care. In cases 
where family members decide to care for a per-
son in vegetative or minimally conscious state at 
home, the neuropsychologist can assist with 
developing a plan for daily physical and cogni-
tive stimulation. The neuropsychologist can also 
provide information on resources and referrals 
that family members may need to sustain care in 
the long term.  

    Inpatient Rehabilitation Setting 

 Many patients with TBI who receive inpatient 
rehabilitation services do so within the fi rst 
6 months of recovery. This is also the most rapid 
period of recovery, when persons with TBI tend 
to show frequent improvements in physical, cog-
nitive, and emotional functioning. Family mem-
bers often react to this rapid recovery with great 
hope for the future. Their initial distress can turn 
to happiness and enthusiasm for each step that 
the person with TBI takes toward improvement. 
While this is a positive outlook for family mem-
bers, it can sometimes be an obstacle for prepar-
ing them adequately for discharge. They are often 
under the impression that the current rate of 
improvement will continue until the person with 
TBI achieves their pre-injury level of function. 
Such a belief may render them unlikely to fully 
process and/or retain information on the prob-
lems they may face following discharge. Many 
rehabilitation staff members talk about family 
caregivers being in denial when they hold onto 

these hopes for the future and appear to ignore 
advice regarding long-term problems. It is impor-
tant to recognize that family members are react-
ing to what they are seeing and experiencing on 
an everyday basis, and that they may not be at a 
stage where they can process information that is 
inconsistent with their observations. Furthermore, 
many family members have developed a distrust 
of medical advice based on dire prognosis that 
they may have received from neurosurgery staff 
during the acute hospital stay. Family members 
who were told that their loved ones would never 
walk or eat on their own, yet witness them doing 
these very things, may come to believe that medi-
cal providers always give the worst case scenario 
and that their loved one is the exception to the 
rule. This can be a powerful belief to overcome, 
as it provides them with much-needed hope. 

 During this phase of in-patient rehabilitation, 
the neuropsychologist should monitor the daily 
cognitive and emotional progress of the person 
with injury. Serial assessment of the changes in 
cognitive and emotional status by a neuropsy-
chologist can provide important information to 
family members, as well as to members of the 
interdisciplinary rehabilitation team, regarding 
how to improve function and to increase potential 
to benefi t from therapy. The neuropsychologist 
should meet with each patient’s family members 
at least weekly to provide education on progress. 
Family members also benefi t from advice on how 
to interact with their loved one to maximize suc-
cess. This is especially the case when the person 
with injury exhibits diffi cult to manage behaviors 
such as agitation or disinhibition. Family mem-
bers often have diffi culty understanding the 
impaired awareness of defi cits that is typical in 
the early stages of recovery following TBI [ 33 , 
 34 ]. The fact that the person with injury may 
seem unbothered by decreased abilities and may 
even argue about their existence can be confusing 
and stressful for family members. The neuropsy-
chologist can assist by providing education about 
the cause and prognosis for impaired awareness. 
The neuropsychologist can also assist family 
members in determining ways to assist the person 
with injury in becoming more aware of problems 
and how to cope with them. The following exam-
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ple illustrates the role of the neuropsychologist in 
this process.

  RH was a 19-year-old Hispanic man who sus-
tained a gunshot wound to the right frontal lobe 
during an attempted car-jacking. He was admitted 
to a comprehensive inpatient unit for rehabilita-
tion of physical and cognitive defi cits. 
Neuropsychological evaluation revealed impair-
ments in left hand motor speed and dexterity, 
organization of visual scanning, learning and 
retention of word lists, abstract verbal reasoning, 
and higher level problem- solving. He also sus-
tained mild left-sided weakness that impacted bal-
ance. He was cooperative and communicated in a 
polite manner with the hospital staff. His parents 
were pleased with the progress he was making; 
however, they expressed distress regarding his 
seeming unawareness of his cognitive defi cits and 
balance problems. He would often attempt to 
transfer from his wheelchair to bed on his own, 
and had already fallen twice. When he forgot 
information, he often confabulated or fi lled in his 
memory gaps with inaccurate information. For 
example, he believed that his physical therapist 
had cleared him to do transfers on his own, even 
though she had clearly informed him that he 
should have assistance. RH also insisted that he 
would be able to return to living independently 
following discharge, in spite of the team’s recom-
mendation that he should be supervised. He had 
never argued with his parents before injury, but 
was frequently doing so now, mainly over how 
independent he should be in activities. 

 The neuropsychologist met with the family to 
provide education regarding impaired awareness 
as a stage of recovery from TBI. He encouraged 
them to avoid engaging in arguments with RH, as 
it could result in distress for everyone involved. 
Instead, he helped them to start a memory note-
book where they could help RH to record all thera-
pists’ recommendations. They would remind him 
to look at it at regular times throughout the day, so 
that he could begin to learn the recommendations 
through repetition. His parents were also taught to 
help RH make a chart that showed his progress in 
physical therapy, so that he could visualize how he 
was doing at balance activities and how he was 
improving. Having these concrete examples of 
functioning and progress helped to anchor RH in 
the present reality and to avoid arguments. Over 
his 4 weeks on the rehabilitation unit, he gradually 
began to understand that while he was making 
progress, he would need his parents’ assistance for 
a while following discharge. 

   As discharge from inpatient rehabilitation 
approaches, family members may need increased 
education and support from the neuropsychologist. 

It is not atypical that certain cognitive defi cits 
manifest less in the structured therapy environ-
ment than they do in the home or community 
environments, when the person with TBI is 
responsible for imposing his or her own struc-
ture. Based on neuropsychological evaluation 
conducted close to the time of discharge, family 
members should be provided with education on 
the key impairments noted in the person with 
injury and on how these are likely to manifest in 
their home and community environments. 
Family members should then be instructed in 
how to employ compensatory strategies and/or 
how to structure the home environment to maxi-
mize success. For example, a person with impair-
ments in selective attention could benefi t from 
completing tasks or learning information with 
minimal distractions and with frequent repeti-
tion. A person with impairments in initiation 
could be provided with a checklist of regular 
daily activities to complete. Helping family 
members to plan these strategies in advance of 
discharge can help to ease their transition to 
serving as the sole caregivers for the person with 
injury. They should also be provided with a list 
of resources that they may need, including out-
patient cognitive rehabilitation programs, coun-
seling and psychotherapy services, and Internet 
sites, books, and fact sheets for gathering infor-
mation as needs arise.  

    Post-Acute Rehabilitation Setting 

 The post-acute phase of rehabilitation can begin 
at any time following discharge from either acute 
trauma care or from acute inpatient rehabilita-
tion. Persons with TBI receiving services in the 
post-acute rehabilitation setting are typically 
residing at home or in another private residence, 
with the assistance of a family member or other 
caregivers. During this phase, family caregivers 
are attempting to adjust to the impact of injury- 
related impairments on the everyday functioning 
of the person with injury. For many family mem-
bers, the feelings of hope that they experienced 
during the early recovery process begin to wane 
during the fi rst 6 to 9 months after injury. 
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Emotional distress can increase as they become 
more aware of the limitations of the person with 
injury and how these limitations will impact their 
lives. Information told to family members during 
the earlier stages of recovery may not be recalled 
when they are actually facing the realities in their 
home environment. Neuropsychologists in the 
post-acute rehabilitation setting play a crucial 
role in helping family members through this dif-
fi cult time and preparing them for the end of 
rehabilitation services. 

 One of the most important goals of post-
acute rehabilitation is to teach the person with 
injury skills needed to function more indepen-
dently in the home and community environ-
ments. Toward this end, there is a focus on 
training in strategies to compensate for cogni-
tive impairments in areas such as attention, 
memory, planning, and problem- solving. The 
family is an integral part of this training process 
for a few reasons. First, family members spend 
the most time with the person with injury and 
have fi rst-hand knowledge of their strengths and 
weaknesses in their everyday environments. 
Second, family members can help the person 
with TBI to learn compensatory cognitive strat-
egies. Some of the greatest obstacles to success-
ful use of compensatory strategies are diffi culties 
recognizing when they should be used and trou-
ble recalling that they have the strategy avail-
able and how to use it. Family members can 
help increase success by prompting the person 
with TBI to use the strategy at appropriate times 
and assisting them in recalling the mechanics of 
strategy use. Finally, family members can play 
an important role in helping the person with 
injury to generalize the strategy to settings out-
side of rehabilitation. The neuropsychologist 
can work with the family to set functional goals 
for activities at home or in the community and 
then choose compensatory strategies to help 
achieve those goals. Family members can then 
assist the person with injury to use the strategy 
properly by practicing it on a regular basis. 
Family members can also help them to adapt the 
strategy for use in different situations in the 
home and community. The following example 
demonstrates how the neuropsychologist can 

involve a family caregiver to maximize success 
of compensatory strategy training.

  VM was a 20-year-old woman who was in her 
junior year of college when she was injured in an 
auto-pedestrian accident. She sustained bilateral 
frontal and left temporal lobe contusions. 
Following three weeks of inpatient rehabilitation, 
she was discharged home to live with her mother 
and younger brother. She was referred to a compre-
hensive post-acute cognitive rehabilitation/com-
munity re-entry program and started therapies 
approximately seven months after her injury. The 
neuropsychologist conducted an evaluation during 
her fi rst two days in the program. The results 
showed strengths in receptive and expressive lan-
guage, visuo-perceptive skills, immediate auditory 
memory, recall of stories, and abstract reasoning. 
Impairments were noted in visuo-constructive 
skills, organization, sustained and selective atten-
tion, learning and recall of word lists, retention of 
stories following a delay, cognitive fl exibility, and 
higher level problem-solving. The neuropsycholo-
gist met with VM and her mother to set treatment 
goals. Her mother provided input that VM seemed 
unable to complete tasks. She would start one 
thing, stop, forget what she was doing, and move 
on to something else. She was also having  diffi culty 
remembering to complete the household chores 
that her mother had assigned to help her stay 
active. Another problem that was stressful for her 
mother was VM’s persistent interruption of others 
during conversations. She did not wait her turn, but 
simply jumped in whenever she wanted, often 
changing topic. This had become embarrassing for 
her mother during social outings. 

 With the mother’s input, the neuropsychologist 
decided to focus on improving VM’s organization 
by developing a checklist strategy to help her keep 
track of steps in each task she was doing and to 
keep track of assigned household chores. They also 
worked on developing a signal strategy that the 
mother could use to quietly let VM know when she 
was interrupting others. When she saw this signal 
(a slight wave of the hand from her mother), she 
would be cued to stop whatever she was saying and 
say, “I’m sorry I interrupted you. What were you 
saying?” VM’s mother played a crucial role in her 
learning and using both of these strategies outside 
of the rehabilitation setting. Through frequent 
practice encouraged by the neuropsychologist, she 
was able to move from initially using the checklist 
strategy with her mothers’ regular prompting and 
guidance, to using it independently by the end of 
the 2-month treatment program. Toward the end 
of treatment, the neuropsychologist trained the 
mother to help VM adapt the checklist strategy for 
the steps that she would need to accomplish in 
order to resume school. This generalization would 
not have been possible without family involve-
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ment. VM continued to need her mother’s signal to 
be aware of when she was interrupting a conversa-
tion, but she began to respond to this signal more 
rapidly and consistently. 

   In this case, lack of family involvement in the 
treatment planning and implementation of strat-
egies could have led to development of compen-
satory strategies based on neuropsychological 
test results alone. These strategies may have had 
relevance in the rehabilitation setting, but may 
not have generalized to the everyday environ-
ment. The mother’s input allowed the neuropsy-
chologist to set functionally relevant goals and 
to assist VM in developing strategies that could 
be applied and practiced in her everyday envi-
ronment to improve her functioning. In turn, the 
mother’s involvement in planning and imple-
menting compensatory strategies reduced her 
emotional distress and that of other family 
members, as VM became more independent and 
could assist with the household chores and 
could complete more tasks without family mem-
bers’ help. 

 In addition to cognitive impairments, family 
members of persons with TBI also have a diffi -
cult time coping with changes in their loved 
ones’ emotional functioning and personality. 
Indeed, changes in personality and emotional 
response have been noted to be the most dis-
tressing injury- related change for family mem-
bers [ 20 ,  21 ]. While family members may be 
aware that cognitive impairments are related to 
the brain injury, it is often diffi cult for them to 
understand that changes in personality are 
related to impaired brain function. Even when 
they are educated in the relationship between 
personality and brain function, they may con-
tinue to express irritation and frustration in 
interactions with the injured family member. 
They may continue to personalize certain behav-
iors. For example, some family members inter-
pret impaired initiation as poor motivation on 
the part of the person with injury. They may 
become frustrated and angry, and these emo-
tions fi lter into their interactions with the person 
with injury. Impaired social communication is 
another injury-related change that can be very 
stressful for family members and that they often 

have negative reactions to. Behaviors such as 
non-responsiveness to facial expressions and 
body language, overly long eye contact, and dif-
fi culty taking turns and listening can be diffi cult 
for family members to cope with. The tendency 
is to forget the contribution of the brain injury 
and become exasperated with the behavior of 
their loved one. This can have a negative impact 
on family interactions and can ultimately lead to 
family dysfunction. 

 Neuropsychologists can assist family mem-
bers in coping with changes in emotions and 
personality by educating them as to how the 
injury is contributing to these changes. They can 
also help family members to develop better 
ways to respond to these behaviors. For exam-
ple, a combination of a checklist and a phone 
alarm may be used to help a person with 
impaired initiation to complete regular activities 
each day. Family members are likely to be less 
frustrated and less likely to attribute decreased 
motivation to the person with injury if they see 
them engage in more activity. Family members 
also feel more in control of the situation when 
they have tools that they can use to impact the 
behavior of the person with injury and assist 
them in achieving goals. 

 As during the acute trauma and inpatient 
rehabilitation phases, neuropsychologists should 
attend to the emotional needs of family members 
during the post-acute rehabilitation process. 
Tools, such as compensatory strategies, can help 
family members feel less overwhelmed and more 
in control; however, these tools will not help 
them to overcome the feelings of grief associated 
with perceived loss of their former lives. Many 
family members feel that the event of the injury 
changes the course of their life in an unsatisfac-
tory way. For some, these feelings of loss and 
grief will resolve over time and they will adjust 
relatively well to their post-injury lifestyle. For 
others, the feelings of loss will lead to emotional 
distress that may be long-lasting unless treated. 
When possible, neuropsychologists can assist by 
providing psychotherapy to help them through 
this process; however, many insurance compa-
nies will not reimburse for therapy provided to 

A.M. Sander



279

family members, unless it includes the person 
with injury and is incorporated into the rehabili-
tation goals for that person. When it is not pos-
sible for the neuropsychologist to directly 
provide treatment to family members, they 
should be referred to other therapists as needed. 
Unfortunately, there is a lack of strong empirical 
support for the effectiveness of psychotherapy 
with family caregivers of persons with TBI. 
While minimal research has been devoted to this 
topic, there is no reason to believe that psycho-
therapies that have proven to be effective in 
treating emotional distress in other populations 
would not be effective with family caregivers 
following TBI. Small studies have indicated that 
a therapy program including education about 
consequences of injury, stress management, and 
training in coping strategies and problem-solv-
ing can result in a reduction in anxiety and use of 
escape- avoidance [ 35 ] and a reduction in unmet 
needs [ 36 ].  

    Private Practice Setting 

 Many persons with TBI do not have the benefi t 
of receiving formal rehabilitation in an acute or 
post-acute setting. Therefore, family members’ 
fi rst encounter with a neuropsychologist may be 
in the context of a referral to a private practice 
neuropsychologist for assessment and recom-
mendations. While the setting differs, the prin-
ciples of working with families in rehabilitation 
still apply in private practice. The neuropsy-
chologist should strive to involve the family 
members by educating them regarding the cog-
nitive, emotional, and behavioral impairments 
noted during assessment. When providing this 
education, the neuropsychologist should seek 
family members’ input into how impairments 
are being manifested in the home and commu-
nity environments and whether there are func-
tional problems that may not have emerged 
during the testing session. The neuropsycholo-
gist should then provide recommendations for 
compensatory strategies and/or environmental 
changes that could lead to improved function-
ing. Neuropsychologists should also include 

questions in their interview to ascertain infor-
mation on how family members are coping with 
the injury and how this may be impacting the 
person with injury. It is understandable that neu-
ropsychologists in private practice may not be 
able to conduct formal assessments of family 
functioning; however, the addition of a few 
structured interview questions to the usual inter-
view with the person with injury can be helpful. 
Inclusion of family caregivers in the interview 
process is recommended when possible. 

 The following case description illustrates how 
knowledge of family members’ functioning and 
family dynamics can be a crucial piece of infor-
mation for the neuropsychologist to consider 
when making recommendations.

  EC was a 35-year-old father of three who was 
injured in a motor vehicle accident. He sustained 
bilateral frontal lobe contusions and subarachnoid 
hemorrhage. He was discharged home from the 
acute care hospital. He had been the driver of the 
vehicle that had gone through a stop sign and had 
hit another vehicle. His 8-year-old son had been in 
the back seat wearing a seatbelt and had sustained 
a pelvic injury, but no documented TBI. EC had 
not received formal rehabilitation services. EC pre-
sented for neuropsychological testing at the request 
of his neurosurgeon who had seem him in the fol-
low- up clinic. At the time of testing, he was still 
not working and was at home alone every day. His 
wife, an ER nurse, had rearranged her schedule to 
be able to take her son to physical therapy in the 
mornings. She then worked an 11 a.m. to 7 p.m. 
shift and returned home after dinner. EC’s neuro-
psychological test performance revealed average 
scores in all areas of functioning except for audi-
tory recognition memory (characterized by a high 
number of false alarm errors), poor organization 
when copying a complex fi gure, and impaired per-
formance on a card-sorting task. While his learn-
ing and recall of a word list was within normal 
limits for the numbers of words recalled, he made 
a high number of intrusion errors. 

 EC’s wife presented as being under a great 
deal of stress. She verbalized anger at EC for not 
driving safely with their son in the car. She also 
expressed anger that he was unable to have din-
ner and homework completed by the time that 
she arrived home from her shift at 7:30 p.m. He 
would often be in the middle of cooking dinner 
and the children would be watching television 
instead of doing their homework. She was also 
angry that he seemed to be unaware that there 
was any problem. She was exhausted from work-
ing, but felt that she could not relax, as she “must 
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keep the household running.” When the neuro-
psychologist began to discuss use of compensa-
tory strategies, EC’s wife began to cry, stating 
that she could not handle being in charge of any-
thing else. She perceived the strategies as another 
thing that she would need to “stay on top of.” She 
also expressed the belief that her husband was 
not working hard enough and was not organizing 
his time effectively. She stated that he had a 
problem organizing his time prior to injury and 
that this had been a source of confl ict between 
them. Based on this information, the neuropsy-
chologist realized that simply prescribing com-
pensatory strategies and expecting the wife to 
help EC implement them would not be effective. 
He set up a series of cognitive therapy sessions, 
during which he worked with EC to develop 
some organization strategies independently. He 
also referred EC and his wife for couples coun-
seling with a colleague who had some experience 
in working with couples after TBI. He also 
referred EC to the state vocational agency to 
apply for vocational rehabilitation services. 

        Summary and Conclusions 

 Family caregivers who are under emotional dis-
tress can be an obstacle to the home and commu-
nity reintegration of persons with TBI. 
Neuropsychologists working with persons who 
have sustained TBI must include family caregiv-
ers to be truly effective. The services needed by 
family caregivers differ by setting, including 
acute care, inpatient rehabilitation, post-acute 
rehabilitation, and private practice. Common 
across all settings are the needs for education 
about injury-related changes and how to manage 
them, and the family caregivers’ need for assis-
tance in managing their own emotional distress 
and feelings of grief and loss. The method of 
approaching these needs and family members’ 
emotional responses varies by setting and time 
since injury. Involvement of family caregivers in 
the rehabilitation process can maximize the per-
son with injury’s benefi t from rehabilitation and 
can help to ensure generalizability of what is 
learned in the rehabilitation setting to the every-
day environment. Adequately meeting family 
caregivers’ needs can also improve their own 
mental and physical health, which is important in 
its own right.  

    Additional Tips for Working with 
Family Caregivers After TBI 

•     Family members’ ability to process and recall 
information given to them early during the 
recovery process may not be optimal. Providing 
them with written materials that they can refer 
to later is recommended. The Traumatic Brain 
Injury Models Systems investigators, funded 
by the National Institute on Disability and 
Rehabilitation Research, have created a series 
of consumer fact sheets. There are fact sheets 
on a variety of problems specifi c to TBI, 
including depression, sexuality, sleep distur-
bance, and driving ability. These can be printed 
and distributed to persons with injury and fam-
ily members at no cost.   http://www.msktc.org/
tbi/factsheets      

•   Simply informing family caregivers of impair-
ments in the person with injury is not usually 
helpful. It is most benefi cial for them to have 
tools that they can use to help to manage func-
tional impairments in everyday life. The fol-
lowing resources contain information on 
strategies for family caregivers to manage 
injury-related problems.
 –    “Picking Up the Pieces After TBI: A Guide 

for Family Members”: This is an informa-
tional booklet written for family caregivers. 
It contains information on typical everyday 
problems (physical, cognitive, and emo-
tional/behavioral) resulting from TBI and 
ideas for how to manage them. It also con-
tains information on stress management, 
coping, and problem-solving for family 
caregivers.   http://www.tbicommunity.org/
resources/publications/famEducManual.pdf     
(English version)   http://www.tbicommunity.
org/resources/publications/famEducManual-
Spanish.pdf     (Spanish version)  

 –   “Understanding TBI Issues for Caregivers”: 
This is an online course for caregivers. It 
presents compensatory strategies and man-
agement techniques for cognitive and emo-
tional/behavioral problems.   http://www.
tbicommunity.org/resources/courseAvenue/
caregivers_course.htm         
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•   Cultural factors can infl uence how family 
caregivers perceive their roles and react to the 
person with TBI. For example, adult children 
of an Asian parent with TBI may be reluctant 
to direct their father’s activities, even when the 
neuropsychologist recommends doing so. In 
certain cultures, family members may con-
sider caring for a family member with injury 
to be an obligation, and may reject any attempt 
to discuss emotional distress associated with 
the caregiving role. Neuropsychologists 
should be sensitive regarding these cultural 
differences and should adapt their feedback 
and education accordingly.  

•   Pre-injury problems in family dynamics and 
functioning seldom improve after injury. 
Including some questions about pre-injury 
family relationships as part of the interview 
process can aid in planning    how to approach 
education and treatment, both for the person 
with TBI and their family caregivers.        
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    Abstract  

  The mission of comprehensive brain injury rehabilitation (CBIR) is to 
assist individuals with traumatic brain injury and their close others to 
resume full participation in family, work, and community life. In pursuing 
this goal, CBIR addresses the needs of participants holistically including 
cognitive and metacognitive impairments, neurobehavioral dysfunction, 
and interpersonal and affective issues, and identifi es barriers and resources 
in their physical and social environments. Treatment is integrated and, in its 
most intensive form, relies heavily on developing a positive transdisci-
plinary therapeutic milieu with an emphasis on group treatment. This chap-
ter describes characteristics of participants best suited for CBIR and reviews 
interdisciplinary team evaluations and the operation and care of the reha-
bilitation team. Important components of CBIR include the development of 
a therapeutic milieu and therapeutic alliance, dynamic group treatment, 
cognitive rehabilitation, and interventions to address impaired self-aware-
ness as well as co-morbid and premorbid conditions. This chapter describes 
how to provide these components in an integrated fashion in collaboration 
with close others and how to further integrate treatment with transitional 
interventions, such as, vocational rehabilitation, work and independent liv-
ing trials, and resource facilitation. Methods for systematic measurement of 
progress and outcome both in the individual case and at a programmatic 
level are recommended in a continuous quality improvement model.  
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        Overview 

 The methods and concepts of holistic comprehen-
sive post-hospital brain injury rehabilitation were 
originally defi ned through the work and writings 
of Ben-Yishay and Prigatano [ 1 – 3 ]. A consensus 
conference in Zionsville, Indiana in 1994 codifi ed 
the key elements of this approach (see Table  1 ) 
[ 4 ]. Ben-Yishay, as well as Pamela Klonoff from 
George Prigatano’s program and other developers 
of this approach to rehabilitation, participated in 
this conference. The Ben- Yishay/Prigatano model 
stressed the importance of developing a therapeu-
tic milieu in which a highly integrated, transdisci-
plinary team provided neurosychologically 
focused rehabilitative treatment based in group 
process. Although goals included reduction of 
impairments, the primary emphasis of this form 
of rehabilitation is to assist the participant in rein-
tegrating into family, community, and work life. 
This holistic milieu- oriented treatment is clearly 
and extensively described in a book by Ben-
Yishay and Diller [ 5 ] which includes a number of 
compact discs illustrating practices and methods 
in actual participant groups.

   At the present time, few programs exist that 
include all the features of Ben-Yishay’s original 
program at the Rusk Institute in Manhattan. Due 
both to shrinking reimbursement and advances in 
rehabilitation intervention research, comprehen-
sive programs have become more streamlined. 
Nonetheless, the basic principles identifi ed dur-
ing the Zionsville Conference continue to charac-
terize current comprehensive programs. The 
nature of the milieu has become more varied as 
well. With increased interest in community-based 
programming, the rehabilitation team may seek 
to develop a more stable therapeutic milieu 
within the participant’s own family or social 
 network rather than within a treatment facility. In 
this chapter, component interventions and team 
interactions that characterize comprehensive 
brain injury rehabilitation (CBIR) will be 
reviewed in detail. The types of individuals best 
served through this approach will be described, 
as will methods for monitoring process and out-
come. As Table  1  indicates, continuous quality 

improvement through monitoring and evaluating 
individual and programmatic outcomes is a key 
feature of CBIR.  

    Types of Participants 

 Comprehensive and holistic evaluation and treat-
ment arguably characterize all high-quality reha-
bilitation and medical care. However, a signifi cant 
proportion, if not a majority, of individuals with 
traumatic brain injury (TBI) do not require a 
CBIR day or residential treatment program. 

    Table 1    Defi ning features of holistic day treatment (from 
Malec JF, Basford JS [ 45 ]; based on text from Trexler LE, 
et al. [ 4 ])   

 I. Neuropsychological orientation focusing on 
 A. Cognitive and metacognitive impairments 
 B. Neurobehavioral impairments 
 C. Interpersonal and psychosocial issues 
 D. Affective issues 

 II. Integrated treatment that includes 
 A.  Formal staff meetings with core team in 

attendance four times/week 
 B. A team leader or manager for each participant 
 C.  A program leader or manager with at least 3 

years experience in BI rehabilitation 
 D. Integrated goal setting and monitoring 
 E. Transdisciplinary staff roles 

 III. Group interventions that address 
 A. Awareness 
 B. Acceptance 
 C. Social pragmatics 

 IV. Dedicated resources, including 
 A. An identifi ed core team 
 B. Dedicated space 
 C. A participant to staff ratio no greater than 2:l 

 V.  A neuropsychologist is part of the treatment team, 
not just a consultant 

 VI.  Formal and informal opportunities for involvement 
of signifi cant others, including systematic inclusion 
of signifi cant others on a weekly basis 

 VII.  Inclusion of a dedicated vocational or independent 
living trial 

 VIII. Multiple outcomes are assessed, including 
 A. Productive activity 
 B. Independent living 
 C. Psychosocial adjustment 
 D. Emotional adjustment 
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Many individuals with TBI, even those with 
moderate to severe injuries, emerge from the 
acute period of recovery with reasonable self- 
awareness of a limited number of circumscribed 
defi cits. Problems with memory and attention and 
diffi culties in emotional control are perhaps the 
most common of these. Such participants with a 
few circumscribed disabilities and reasonable 
self-awareness will typically benefi t from reha-
bilitation and associated medical care provided on 
a more limited scope (3–5 h per week) that is less 
costly both fi nancially and in time demands on the 
participant and their family and close others [ 6 ]. 

 On the other hand, CBIR is required in more 
complex cases in which a number of cognitive, 
behavioral, and often physical disabilities are pres-
ent, interact, and are compounded by limited 
self-awareness and co-occurring or pre-injury con-
ditions, such as, a history of substance abuse, psy-
chiatric disorder or family dysfunction. Defi nitive 
research studies identifying which types of partici-
pants benefi t from specifi c forms of brain injury 
rehabilitation are not available. However, based on 
the author’s clinical experience, characteristics of 
the type of participant most suited for comprehen-
sive treatment are listed in Table  2 .

   These more complex cases require a compre-
hensive approach because their disabilities 
 frequently interact. They also require a transdisci-
plinary approach in which all therapists collabo-
rate in an overall plan of rehabilitation treatment. 
Although individual therapists bring their specifi c 
expertise to their interventions, each must be 
aware of the goals and approaches of the other 
therapists involved and able to assume each oth-
er’s roles, as needed, to keep the rehabilitation “on 
mission.” Transdisciplinary team process will be 
discussed in more detail later in this chapter.  

    Interdisciplinary Evaluation 

 A thorough interdisciplinary evaluation will help 
determine who requires CBIR and who may ben-
efi t from more limited and focused rehabilitation. 
Ideally, this evaluation includes individual evalu-
ations by the following disciplines: a rehabilita-
tion physician (physiatrist) and other medical 
specialties as required; a clinical neuropsycholo-
gist; speech/language pathologist; occupational 
and physical therapists; a family liaison; and a 
resource facilitator. Although most participants 
who enter post-hospital rehabilitation are medi-
cally stable, a thorough re-evaluation of the par-
ticipant’s medical status by a physician 
specializing in medical rehabilitation is impor-
tant for several reasons: (1) to determine any 
overlooked medical problems related to the brain 
injury; (2) to identify co-occurring or pre-injury 
conditions that may require additional treatment 
or special attention during rehabilitation; and (3) 
to identify medical risk factors and assist the par-
ticipant to develop a medical life care plan. Masel 
and DeWitt [ 7 ] have noted that individuals with 
TBI may be more vulnerable to medical condi-
tions and benefi t from ongoing medical care to 
minimize these risk factors. Physical therapy 
(PT) evaluation assesses possible motoric dis-
abilities as well as general cardiovascular fi tness 
and the need for intervention in these areas. 

 A thorough neuropsychological evaluation 
that includes both neuropsychometric testing and 
a clinical interview will identify cognitive impair-
ments as well as emotional and adjustment issues, 
more serious psychiatric disorders including sub-
stance abuse issues, and possible family and 
social concerns. Speech/language pathology eval-
uation focuses specifi cally on cognitive commu-
nication, and occupational therapy (OT) evaluates 
functional abilities that affect everyday activities. 
Both speech and OT evaluations assess the degree 
to which cognitive impairments contribute to 
functional disability in interpersonal communica-
tion and complex activities of daily living. These 
functional cognitive and communication evalua-
tions are important because the ecological validity 
of neuropsychological testing is not perfect. 

   Table 2    Characteristics CBIR participants   

 • Limited self-awareness of disabilities 
 • Cognitive impairments: e.g., concentration, memory, 

generalization, problem-solving, initiation, reasoning, 
planning 

 • Poor communication and social skills 
 • Limited emotional/behavioral self-control 
 • Unemployed or failing in employment 
 • No imminent risk of harm to self or others 
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That is, cognitive impairments identifi ed on 
 neuropsychometric testing do not always trans-
late into functional disability; conversely, cogni-
tive defi cits that are apparent in more real life or 
interpersonal settings may not be apparent in the 
highly structured and supportive setting in which 
neuropsychometric testing is conducted. 

 Although a complete neuropsychological evalu-
ation also touches on the participant’s family and 
social support network, these are important enough 
to the long-term success of rehabilitation that a spe-
cifi c evaluation is critical to rehabilitation planning. 
In most cases, further development of the partici-
pant’s network of social and practical support will 
be required for community reintegration. This is 
the role of the  resource facilitator  and will be dis-
cussed in greater detail later in this chapter. The 
assessment of the participant’s network of family, 
social, and practical support and resources may be 
conducted by a social worker, family counselor, or 
other individual with training and experience in 
working with family, social and community sys-
tems. This assessment of the participant’s integra-
tion in home and community life includes leisure, 
recreational, and work interests and activities. 
Ideally such evaluations are conducted by experts 
in these areas, i.e., vocational counselor, recre-
ational therapist, but in some settings these evalua-
tions may be included in the evaluations of other 
rehabilitation team members. 

 This interdisciplinary evaluation is focused on 
current functional abilities. Several studies [ 8 –
 10 ] have shown that current functional abilities 
are better predictors of long-term rehabilitation 
outcomes than initial injury severity as measured 
by, for instance, the Glasgow Coma Scale or 
duration of post-traumatic amnesia. In two stud-
ies, an initial assessment on admission to post- 
hospital rehabilitation with the Mayo-Portland 
Adaptability Inventory (MPAI-4) accounted for 
over 60 % of the variance on progress and out-
come, also assessed by the MPAI-4 [ 11 ,  12 ].  

    The Rehabilitation Team 

 Rehabilitation teams may be organized in several 
ways: multidisciplinary, interdisciplinary, and 
transdisciplinary. A  multidisciplinary  team is one 

in which each of the team members work 
 independently with the participant in their area of 
expertise and do not coordinate their therapeutic 
activities or treatment plans. Multidisciplinary 
teams are perhaps most common in traditional 
outpatient rehabilitation settings in working with 
participants who have a small number of clearly 
defi ned goals. For instance, a participant post- 
stroke will see the Speech/Language Pathologist 
for dysarthria, PT for ambulation, and OT to 
improve use of the affected hand. 

 In an  interdisciplinary  team, each member 
works with the participant in their area of exper-
tise but in a coordinated manner and with an inte-
grated treatment plan. Each team member is 
aware of, and reinforces the goals and methods 
of, other team members. Interdisciplinary teams 
are most appropriate in working with more com-
plex or acute participants when the objectives of 
each discipline overlap and are affected by those 
of other team members. Inpatient rehabilitation 
teams are most commonly organized in an inter-
disciplinary fashion. 

 In a  transdisciplinary  team, members not only 
work in a coordinated manner from an integrated 
treatment plan and reinforce each other’s efforts, 
but are also able to temporarily assume each oth-
er’s roles. In other words, the PT can assume the 
role of the psychologist if a participant begins to 
exhibit inappropriate anger in the PT session, and 
the psychologist can remind the participant about 
the current parameters of the aerobic condition-
ing program that the PT has prescribed. To be 
maximally effective, the organization of the reha-
bilitation team delivering CBIR must be transdis-
ciplinary. Being able to assume each other’s roles 
requires a good deal of information sharing 
among team members, exquisite confi dence in 
one’s own and each other’s professional abilities, 
and a high degree of trust among team members. 

 The ability to assume each other’s roles is 
critical because most participants with brain 
injury who require CBIR have severe diffi culty in 
acquiring and generalizing new learning. 
Individuals with signifi cant cognitive impairment 
need to have learning experiences in close tem-
poral proximity to their expression of problem-
atic behaviors. For instance, when a participant 
exhibits inappropriate behavior, it will not be 
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effective to note this and bring it to the attention 
of the psychologist for discussion at a later point 
in time. The participant’s behavior and its nega-
tive consequences must be addressed in the here-
and- now. Then alternative, appropriate behaviors 
must be prompted or coached, and the more posi-
tive consequences of these behaviors identifi ed. 
This type of training in the here-and- now can be 
applied to every type of cognitive and behavioral 
problem. Arguably new learning of this nature is 
most effective in assisting individuals with prob-
lematic behaviors to learn more adaptive behav-
iors whether or not they have TBI. However, for 
individuals with TBI, organizing new learning in 
this way is critical because of their limited capac-
ity to remember and to generalize new learning. 

    Operation of the 
Transdisciplinary Team 

 Not uncommonly rehabilitation team members 
exhibit the typical human characteristic of pro-
tectiveness of their “territory,” i.e., their disci-
plinary knowledge and skills, and anxiety about 
working outside of their comfort zone. While 
these types of feelings are understandable and 
normative for human beings, a maximally 
effective transdisciplinary team is able to func-
tion beyond this level of self-interest and keep 
their eye on the mission. In this regard, the 
transdisciplinary team functions like other high 
 performance teams, such as, elite surgical 
teams or military squads. Raemer [ 13 ] in 
 Simulators in Critical Care and Beyond  recom-
mends four routines of military commando 
teams for emulation by high performance medi-
cal teams: (1) practice, (2) briefi ng, (3) debrief-
ing, and (4) celebration. 

  Practice  is essential for the effi cient and effec-
tive operation of a high performance team. 
Nonetheless, busy schedules can restrict the amount 
of time that teams have to practice their roles as a 
team with a given participant. In order to develop 
the capacity for the members of transdisciplinary 
teams to assume each other’s roles, it is helpful for 
the team to discuss and role play the appropriate 
response to critical participant events. For instance, 
team members might review how to respond to 

expressions of anger from a participant, or how to 
respond to memory failures. In the former instance, 
the psychologist may be the primary team member 
to guide colleagues through the appropriate 
responses to the participant. In the latter, the occu-
pational or speech therapist who is primarily 
responsible for organizing the cognitive rehabilita-
tion program may be the primary guide. However, 
in the end, each team member should be able to, at 
least temporarily, respond as capably as a psycholo-
gist to expressions of anger and as ably as the mem-
ory expert on the team to memory failures. 

  Briefi ng  refers to preparing for the mission, or 
in the case of rehabilitation teams, the coordi-
nated treatment program with a given participant. 
In rehabilitation settings, this means designing 
and reviewing the integrated treatment plan. 
Documentation of a rehabilitation treatment plan 
is required in most rehabilitation settings. Regular 
review and appropriate updating of the treatment 
plan may be challenged by busy schedules of the 
treatment team members but is essential to assure 
high team performance. 

  Debriefi ng  refers to regular examination of the 
functioning of the team in completing its mission 
with the participant. While most rehabilitation 
teams have team conferences on a regular basis, 
these conference are often focused on participant 
progress. The most informative debriefi ng ses-
sions include not only participant status and per-
formance (i.e., to what degree are the goals of the 
mission being accomplished) but also careful 
examination of the methods that are being used. 
What is working and what is not working? How 
can the team be more effective in working with 
this participant both as individual practitioners 
and as a team? A high performance CBIR team 
needs to have a formal debriefi ng conference 
three to fi ve times a week. The objective of these 
debriefi ng conferences is to examine in what 
ways specifi c interventions as well as their over-
all plan with specifi c participants is effective as 
well as ineffective, and to revise their transdisci-
plinary rehabilitation plan to improve progress 
and outcome. Debriefi ng conferences typically 
occur without the participant present. The focus 
is primarily on team process and function and on 
participant status and progress only as these rep-
resent the functioning of the team. 
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 Finally, effective, high performance teams 
regularly  celebrate  their successful missions. 
Central to the concept of celebration is tying the 
celebration to a specifi c accomplishment. Some 
CBIR teams formalize this celebration with a 
graduation party that includes the participant 
who has successfully completed the program, 
their close others, and the treatment team. 
However, to maintain  esprit de corps  and avoid 
burnout, even minor victories merit celebration.  

    Care of the Team 

 Providing transdisciplinary CBIR can often be 
challenging and stressful. The participants selected 
for this type of intensive rehabilitation typically 
lack self-awareness, are disinhibited and intermit-
tently aggressive, and can split the team through 
dramatic and frustrating behaviors. Briefi ng and 
debriefi ng sessions provide opportunities for team 
members to support each other, particularly team 
members who may be showing signs of stress and 
burnout. The team leader, who is often a neuropsy-
chologist, has a primary role in supporting the 
healthy psychological functioning of the team. 

 Explicit ground rules for team interactions 
can also be helpful in avoiding inappropriate 
exchanges and harmful splitting among team 
members under stress. Disagreements and dif-

ferences of opinion are healthy and constructive 
in brainstorming approaches to challenging par-
ticipant behaviors. However, interactions with 
participants must be unifi ed and consistent 
within the team. In the CBIR at Mayo Clinic, we 
developed a set of guidelines (Table  3 ) for team 
interactions. These were posted in the team con-
ference area, and not infrequently referred to 
during heated team discussions.

        Transdisciplinary Treatment 

    The Therapeutic Milieu 

 A fundamental concept underlying CBIR is devel-
opment of a  therapeutic milieu . In a nutshell, a 
therapeutic milieu is a treatment environment in 
which virtually every action and interaction has a 
therapeutic value, that is, assists participants in 
accomplishing the goals of treatment. In addition 
to formal treatments, the therapeutic value of all 
other activities in the treatment setting, such as, 
informal conversations among participants, with 
staff, with family/close others; going to lunch; 
and formal and informal outings, is recognized 
and reinforced. The rest of this section examines 
how the various elements of CBIR create a thera-
peutic milieu.  

    Group Therapy 

 Most CBIR programs provide treatments in 
groups. Providing therapy to more than one par-
ticipant simultaneously creates effi ciency and 
lessens the personnel costs of providing treat-
ment. However, this is not the primary rationale 
for group therapy. Group therapy also improves 
clinical care. Developing a positive dynamic for 
participants in a therapeutic group can be a pow-
erful intervention to develop self-awareness, 
reinforce effort and progress, and create a thera-
peutic milieu. 

 Providing therapy in a group is not necessarily 
group therapy. In less effective groups, therapy is 
provided to one person in the group at a time. 
Others in the group may benefi t from observation 
of the therapeutic process and serve to encourage 

   Table 3    Team communication ground rules   

  1. We will periodically review our effectiveness as a Team 
  2. We will not judge, challenge, nor evaluate an idea 

until we hear or understand the  whole  idea 
  3. We will attack problems, not people (each other) 
  4. We will disagree without becoming disagreeable 
  5. Once the Team reaches a decision, and I have the 

opportunity to be heard, I will support the Team 
decision 100 % 

  6. We each participate in discussions, fully and openly. 
We do not use silence as a weapon or as a defense 

  7. We deal with our confl icts and frustrations directly 
and promptly 

  8. We feel free to bring up problems and invite possible 
solutions 

  9. We say nothing about any third party that we would 
not say if that person were present 

 10. We respect each other’s work, tasks, and 
contributions without regard for titles or status 
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and reinforce the intervention. However, what is 
missing in this scenario is the use of the powerful 
group dynamic. In a relatively short period of 
time, every group develops an identity that goes 
beyond the identity of the individual members. 
Each member fi nds a role in the group that is con-
sistent with the identity of the group. Group iden-
tity and the roles can be positive or negative. 
A skilled group therapist will work with the 
group to create a positive and constructive milieu. 

 Examples of common roles in a group are: the 
rational one (who tries to be the voice of reason), 
the helper (who tries to be supportive), the chal-
lenger (who tends to question or challenge the 
“common wisdom” of the group or the leader), 
and the quiet one (who has diffi culty speaking up 
in the group). This list is not exhaustive; roles in 
the group can be many, highly nuanced, and 
changing. These examples illustrate, however, 
how roles may be positive or negative. For 
instance, the rational one may in fact only  think  
they are being rational, while they advance idio-
syncratic ideas. The challenger can play an 
important function in making other group 
 members think about recommendations and sug-
gestions but, without a good group leader, can 
easily turn into a naysayer who enjoys the atten-
tion afforded to a “rebel.” 

 Typically, individuals fi nd roles in the group 
that are consistent with their interpersonal style. 
In a psychotherapeutic group, getting members to 
refl ect on the roles they play in the group, and 
how and when these roles are effective or ineffec-
tive, creates important learning experiences to 
improve the effectiveness of their interpersonal 
style. For instance, the quiet one may be a very 
good listener, but needs to learn to be more asser-
tive to share the perceptions that they have for the 
benefi t of the group and themselves. The helper 
offers valuable support to others, but may also 
feel, at times, that they are “always giving” 
(which they are). Like the quiet one, the helper 
may be able to learn through practice in the group 
to be more assertive in getting their own needs 
met as well as in helping others. 

 Most CBIR groups, however, are not 
 fundamentally psychotherapeutic but are focused 
on other goals, such as, developing cognitive, 
social, or functional skills. In these other CBIR 

groups, understanding and developing the iden-
tity of the group and the roles of the members is 
critical to using the group process to accomplish 
the goals of the group. For example, in a cogni-
tive group in which the primary goal is to help 
members develop and use memory notebooks, a 
positive group process can be a powerful tool. 
With skilled guidance and reinforcement from 
the therapist, the rational one will explain the 
sense of using a memory notebook; the chal-
lenger will question this and voice the objections 
that others have—so these can be addressed; the 
quiet one may need to be drawn out, but will 
often be the swing vote in the process to keep 
things moving in a positive direction; and the 
helper will reinforce everybody for using the 
memory notebook. This quick summary is of 
course an oversimplifi cation but may give the 
basic idea of how group process can be used to 
accomplish the goals of any group, not just psy-
chotherapeutic groups. 

 A basic premise underlying group process is 
that the members of the group will respond to 
their peers more readily than to therapists and 
that the guidance and reinforcement that they 
receive from each other is more powerful than 
that of a therapist. Like most people, people with 
TBI tend to listen most closely to their peers, to 
those people who they identify are most like 
themselves and who they feel share their life 
experience. The therapist’s skill is required to 
manage the group process and to keep its energy 
focused on moving its members positively toward 
accomplishing their goals.  

    Therapeutic Alliance 

 Therapeutic alliance is the bond of trust and col-
laborative working relationship that develops 
between therapist and participant in effective ther-
apy. The concept of therapeutic alliance originally 
developed through studies of psychotherapy 
where it was identifi ed as a “necessary but not 
suffi cient (NBNS)” condition for therapeutic 
change [ 14 ,  15 ]. That is, a therapeutic alliance 
does not in and of itself produce positive behav-
ioral change; however, change will not occur or 
will occur only minimally if a bond between 
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 therapist and participant is not present. In recent 
years, therapeutic alliance has been increasingly 
studied in brain injury rehabilitation and has been 
found to have a similar positive effect on outcome 
[ 16 – 18 ]. Although therapeutic alliance often 
involves feelings of liking and affection between 
participant and therapist, it is more than this. 
Therapeutic alliance is “mission-oriented” in that 
both therapist and participant see themselves as a 
team that is working collaboratively to accom-
plish the participant’s goals. The participant 
develops trust in the therapist’s treatment recom-
mendations and feedback; the therapist also 
develops trust that the participant is dedicated and 
committed to the therapy despite the inevitable 
ups-and-downs of therapeutic progress.  

    Addressing Self-Awareness 

 Self-awareness of disability is present in a signifi -
cant minority of cases of moderate to severe brain 
injury. Most likely because of cognitive impair-
ments affecting both their ability to conceptualize 
as well as to remember changes in themselves due 
to their injuries, participants with impaired self-
awareness (ISA) act as if they are the same people 
they were before their injury. Sherer and Fleming 
present a thorough discussion of ISA in this vol-
ume. The focus here will be on addressing ISA 
through CBIR and the therapeutic milieu. 

 Most participants selected for CBIR have 
some degree of ISA, and ISA is often the over-
arching disability that will most dramatically 
interfere with community reintegration for them. 
ISA can be effectively addressed through CBIR 
and typically cannot be addressed through more 
specifi c individual therapies, for instance, cogni-
tive rehabilitation alone. Participants with no self-
awareness of disability cannot be engaged in 
rehabilitation. In their minds, they are unimpaired; 
so rehabilitation is of no value. However, most 
participants are able to identify a specifi c problem 
for which they will acquiesce that they may need 
a little help, often with the encouragement of fam-
ily or close others. Addressing the identifi ed dis-
ability for participants with ISA is the hook to 
engage the participant; the CBIR treatment plan, 

however, can be more comprehensive and include 
addressing ISA as part of the rehabilitation pro-
gram. Working to develop self- awareness is a 
delicate operation of balancing feedback with 
support. The trusting, collaborative working rela-
tionship that characterizes  therapeutic alliance  is 
essential to this work. The  therapeutic milieu  is 
also particularly important to the development of 
accurate self-awareness after TBI because the 
development of more accurate self-appraisal is 
most effectively accomplished if appropriate and 
consistent feedback and support are provided 
throughout the day rather than only in a few ther-
apy sessions dedicated to this process. 

 ISA is challenging to address and may be 
complicated by pre-injury personality tendencies 
to respond to stress with denial or support from 
close others who are also coping by a degree of 
denial. In almost all cases, it is unreasonable to 
expect that self-awareness that is impaired due to 
brain injury will ever completely return to normal 
after a brain injury. Goals for CBIR should be to 
improve self-awareness to the degree that the par-
ticipant can (1) participate effectively in rehabili-
tation, (2) set realistic goals for rehabilitation and 
community reintegration, and (3) not engage in 
behaviors in which they are at risk for harm 
because of their disabilities. Nonetheless, CBIR 
provides an effective means to achieve these 
goals through interventions described below. 

  Education about brain injury generally and spe-
cifi c to the individual . Explaining the nature of 
brain injury in general and how it has affected the 
individual with TBI specifi cally typically will not 
in and of itself greatly improve ISA. However, 
this knowledge is a NBNS condition for improv-
ing ISA. A participant cannot be expected to 
understand how their brain injury has affected 
them—particularly the more subtle effects—if no 
one has taken the time to thoroughly explain this 
to them. General education about brain injury is 
provided in CBIR groups with easily readable 
and understandable written material provided as 
a reference. Education specifi c to the individual 
participant can also be provided in a group con-
text, including review of neuropsychological test 
results, neuroimaging, and how the two connect. 
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It may be psychologically less stressful to learn 
about the effects of brain injury from review of a 
peer’s case. Group members also provide mutual 
support to confronting the stressful realities of 
brain injury and the sense that none of the mem-
bers “are alone” in struggling with the effects of 
brain injury. Educational information will likely 
need to be repeated several times over the course 
of a CBIR program—as the participant’s self- 
awareness improves, they will become more able 
to assimilate this information. 

  Family / close other education and participation . 
Brain injury education should also include the 
participant’s close others. Close others also often 
have very limited knowledge about how the brain 
works and how it recovers from injury. 
Misconceptions about brain function and recov-
ery may lead to unrealistic expectations. As men-
tioned previously, close others can also have 
biased and inaccurate assessments of the partici-
pant’s status. In order for any ISA intervention to 
be successful, it is very important that the reha-
bilitation team and the participant’s close others 
are “on the same page” regarding the partici-
pant’s abilities, goals, and expectations for recov-
ery. This is important so that the participant’s 
close others can become allies of the CBIR team 
in reinforcing more accurate self-assessments 
and realistic expectations by the participant as 
well as appropriate progress toward realistic 
goals. The most common situation is one in 
which the rehabilitation team and the partici-
pant’s close others generally agree on the partici-
pant’s status and the participant tends to minimize 
their disabilities and their impact on their activi-
ties. However, the author has observed every pos-
sible variation of discrepancy in the appraisal of 
the participant’s current abilities by the partici-
pant, close others, and the rehabilitation team. 
The MPAI-4 (to be discussed in more detail later) 
is designed primarily as an evaluation and out-
come measure to be completed by consensus of a 
rehabilitation team. Nonetheless, during the ini-
tial interdisciplinary evaluation, we have routinely 
asked participants and a close other to complete 
the MPAI-4 independently of each other. 
Comparing these self- and close other assess-
ments with the assessment of the CBIR team on 

the same measure gives a clear idea of where 
areas of agreement and disagreement are present 
regarding the participants’ abilities, adjustment 
and community reintegration. We have found it 
more productive to know from the beginning 
where we agree and where we disagree, rather 
than to be surprised by these discrepancies in per-
ception or expectation once a rehabilitation treat-
ment plan has been set in motion. Sometimes 
disagreements are not easily or quickly resolved. 
Our approach has been to begin focusing on areas 
in which there is relatively good agreement about 
the need for rehabilitation and gradually work on 
coming together in areas where expectation of 
needs are more discrepant. 

  Structured repeated learning experiences with 
feedback . While education may be NBNS for 
improving self-awareness, repeated exposure to 
situations in which the participant’s disabilities 
and their consequences are made apparent to the 
participant is very likely the active ingredient in 
treatment to improve self-awareness. CBIR offers 
numerous opportunities each day for this type of 
learning to occur. These types of experiences are 
potentially very stressful to participants—no one 
likes to be confronted with their failures or mis-
takes. Consequently, very direct or harsh feedback 
to participants about their disabilities, failures, and 
mistakes is usually not constructive. To the con-
trary, confronting participants about, for example, 
their memory problems, is most likely only going 
to reinforce denial and resistance. A more produc-
tive approach is to structure these experiences as 
supportive learning opportunities. It is not uncom-
mon, however, for CBIR team members to dis-
agree about how direct and confrontational 
feedback to a given participant should be and can 
lead to heated debate that threatens to split the 
team. Agreeing on the most constructive approach 
with a given participant will appropriately occupy 
many briefi ng/debriefi ng sessions and require skill 
and sensitivity from the team leader to help team 
members deal with their frustrations in working 
with participants with severe ISA. 

  Peer feedback . Feedback may take many forms: 
feedback from therapists, results of objective 
tests or measures, recorded video. However, the 
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most effective feedback is from peers. Like most 
of us, people with TBI tend to listen most closely 
to people who they feel are much like themselves. 
Direct confrontation is also better tolerated when 
delivered by peers than when delivered by 
authority fi gures like therapists. Shrewd and 
skillful management of group process and 
dynamics and the therapeutic milieu by the CBIR 
team will result in many constructive opportuni-
ties for this type of feedback. 

  Individual and group psychotherapy . The devel-
opment of more accurate self-appraisals is a dou-
ble-edged sword. More accurate self- appraisal 
will lead to more appropriate goal setting and 
avoidance of activities in which current disabili-
ties will frustrate success or put the participant at 
risk. However, more accurate self- appraisal can 
also lead to feelings of discouragement, depres-
sion, anger, and other emotional reactions as the 
participant begins to recognize that life has 
changed because of brain injury and that some 
activities and goals that they had prior to the 
injury may be forever out of reach. For this rea-
son, psychotherapeutic interventions to address 
feelings of loss and to develop coping skills are 
another essential component of any intervention 
to address self-awareness. As self-awareness 
increases, sometimes depression can become 
marked, and intensive treatment, including medi-
cation should be considered. 

 In this author’s experience, the transition 
between increased self-awareness and reactive 
emotional distress is not clearly staged. That is, 
the participant does not suddenly develop self- 
awareness and then become depressed or angry. 
Rather the process is one in which self-awareness 
improves a little; negative emotional reactions 
occur; and the participant defends against these 
unpleasant feelings with a degree of minimiza-
tion and denial. With psychotherapeutic interven-
tion, these defensive reactions diminish and 
self-awareness improves a little more—only to 
begin the cycle again. Support and feedback of 
peers in psychotherapy and other CBIR groups 
can be very effective in helping participants to 
work through these cycles of psychological 
growth.  

    Cognitive Rehabilitation 

 Interventions to improve cognitive function are an 
integral part of CBIR programs. The most com-
mon targets for cognitive rehabilitation are atten-
tion, memory, problem-solving, and goal- setting. 
Because cognitive abilities interact, a thorough 
neuropsychological evaluation is essential to 
planning a targeted cognitive rehabilitation pro-
gram. For example, almost all individuals pre-
senting for CBIR (or their close others) will report 
that they have “memory problems.” However, for 
many, the problem is not so much with storing 
and retrieving new information but with attending 
to the information when it is presented so that it 
can be stored in memory. Participants whose pri-
mary cognitive disability is attention will benefi t 
from different cognitive rehabilitation methods 
than those whose primary problem is long-term 
storage and retrieval. For others, diffi culty in 
organizing new information for memory storage 
may be the primary problem. These individuals 
typically also have great diffi culty organizing 
other aspects of their lives and consequently, 
organization may be the primary target for inter-
vention and memory only a secondary target. 

 The functional impact of cognitive impair-
ments is also important to evaluate. While cogni-
tive impairments may be a very signifi cant 
frustration and impediment to community reinte-
gration for many people with TBI, this is not true 
for all. Some individuals have learned to com-
pensate for low average or mildly below average 
cognitive abilities throughout their lives, and 
have found work and other activities where strong 
cognitive abilities are not required. Such individ-
uals often do not require intensive cognitive reha-
bilitation in order to re-engage with their 
communities—regardless of the results of their 
neuropsychological testing. 

 A number of evidence-based methods for reha-
bilitation of various cognitive functions have been 
identifi ed through a series of reviews [ 19 – 21 ]. 
Haskins and colleagues [ 22 ] have recently pub-
lished a manual that clearly describes in practical 
terms how to apply these techniques in practice. 
The Haskins book also provides a number of exer-
cise guides and materials for use by therapists. A 
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recent volume by Sohlberg and Turkstra details the 
most effective processes for organizing cognitive 
rehabilitation interventions. Cognitive rehabilita-
tion techniques are reviewed in this volume as well 
(see Chaps. 9–11). The interested reader is directed 
to these other sources for a more in-depth treatment 
of this topic. The focus here is on integrating cogni-
tive rehabilitation into the therapeutic milieu. 

  Attention Process Training  ( APT ). Originally 
developed by Sohlberg and Mateer [ 23 ], APT 
involves practice in which the complexity in 
auditory and visual modalities of the foci of 
attention is gradually increased. In their volume 
on cognitive rehabilitation, Sohlberg and Mateer 
[ 24 ] also describe a number of exercises in which 
attentional focusing and shifting, dividing atten-
tion, and shifting attention can be practiced in 
everyday life. Similar exercises can be practiced 
in a group setting and throughout the day in the 
CBIR therapeutic milieu. 

 Group therapy and the milieu also provide 
opportunities to address emotional reactions that 
may interfere with attention. Depression, anxiety, 
anger, and worry all interfere markedly with the 
range of attentional functions. This is true for the 
normal population and doubly so for individuals 
with TBI. In some cases, the frustration of loss of 
attention may set off strong negative emotions and 
create a downward spiral for the participant in 
which the negative emotions lead to further diffi -
culty regulating attention—leading in turn to 
increased frustration, anxiety, dysphoria or anger—
creating further loss of attentional control. Through 
cognitive-behavioral therapy, individuals who 
experience such disruptive emotional reactions 
learn to identify the thought processes that lead to 
these negative emotions and interrupt them with 
more constructive self-talk. In a group milieu, other 
participants and therapists can assist by prompting 
this kind of self-talk when they observe a loss of 
attention accompanied by emotional upset. 

  The Memory Notebook . Development of a “mem-
ory notebook” for each participant is a standard 
component of CBIR. These notebooks should be 
individualized to the needs of each participant 
with sections designed to help organize their 

schedule and make frequently used information 
readily accessible (see    Chap. 9 for further detail). 
Although the “memory notebook” appears to be 
almost universally used as a name for this tool, 
one of the participants with whom we worked 
challenged this. He made the point that the use of 
daily planners, smart phones, and other memory 
assists has become ubiquitous in the normal pop-
ulation, and asked why these aids should be 
called something different when used by people 
with TBI. In fact, his point is well taken. Simply 
referring to the “memory notebook” as what it is, 
i.e., a calendar, planner, or smart phone, may nor-
malize the experience of its use for the person 
with TBI and help increase its acceptance. 

 As alluded to above, many participants expe-
rience some resistance to the use of an external 
memory aid. Very likely these aids serve as 
reminders of their injuries and disabilities, par-
ticularly if they were not in the habit of using 
such aids before their injury. Addressing such 
emotional issues in group therapy and in the ther-
apeutic milieu is critical to remove these obsta-
cles to developing individualized aids to assist 
participants to compensate for their impairments 
in organization and memory. Group treatment 
and the milieu also provide many opportunities 
to reinforce the use of memory aids through plan-
ning and scheduling group and individual activi-
ties, as well as opportunities to bring the 
consequences of either using or not using these 
aids to the awareness of participants. 

  Systematic Problem - solving . Teaching simple, 
systematic approaches to problem-solving is 
important to help participants learn ways to 
 analyze and prioritize possible solutions for life 
problems. Teaching problem-solving also works 
well in groups since it closely resembles a brain-
storming exercise. Input from other group mem-
bers and therapists may be very helpful to 
participants in identifying, selecting, and priori-
tizing various solutions to problems. As with 
other cognitive rehabilitation interventions, iden-
tifying and addressing emotional issues that may 
arise during a problem-solving exercise are just 
as important as teaching participants the mechan-
ics of a systematic approach to problem-solving. 

Comprehensive Brain Injury Rehabilitation in Post-hospital Treatment Settings



294

  Goal Management Training  ( GMT ). Goal identifi -
cation and attainment is an essential element of any 
rehabilitation program and a critical skill for suc-
cess in life. However, the capacity to set and sys-
tematically pursue realistic goals is often 
diminished due to brain injury. GMT [ 25 ] has 
emerged as an evidence-based method to develop 
these skills. GMT can be applied as a method to 
engage the ownership of program goals by CBIR 
participants. GMT can also help participants 
develop goals that reach beyond the program and 
are useful in structuring their current and future 
lives. In all forms of rehabilitation, treatment goals 
are best set collaboratively by participant and ther-
apist. Agreeing on goals, however, is challenging 
with individuals who lack awareness of their 
impairments and of the impact of these impair-
ments on their functional abilities and activities. 
The process of developing realistic and attainable 
goals, both within and beyond the CBIR program, 
is integral to building more realistic and accurate 
self-appraisals and self-awareness of impairments. 

 Perhaps even more so than in other types of 
cognitive rehabilitation, the goal setting process 
frequently precipitates strong negative feelings 
from participants, as they begin to recognize 
(with feedback from their peers as well as from 
therapists) that goals that they had prior to their 
injuries are no longer realistic because of the 
impairments resulting from their injuries. In 
many cases, even repeated feedback will not be 
suffi cient to convince CBIR participants that for-
mer goals are no longer realistic—they will have 
to try themselves out in pursuing these goals in 
real life structured independent living or work 
 trials. This process will be discussed later in the 
chapter, as will a formal process for program goal 
identifi cation and monitoring progress and 
achievement: Goal Attainment Scaling (GAS).  

    Social Communication Skills Training 

 It has long been recognized that, while basic lan-
guage abilities are often spared in frontal lobe 
injuries, these types of injuries frequently result in 
dramatic impairment in other types of communi-
cation skills. These other skills, such as turn taking 

in conversation, sequencing, gestures and facial 
expression, and active listening, have become 
known as  pragmatic communication  skills. These 
skills comprise the array of nonverbal and social 
interaction skills that support or enhance commu-
nication through language. There is good evidence 
that these pragmatic social- communication skills 
can be developed through group treatment that 
includes instruction, guided rehearsal, personal 
and videotaped feedback [ 26 ]. A social communi-
cation group is an important feature of CBIR. In 
addition, social communication skills are other tar-
geted skills to be practiced and reinforced in all 
interactions in the therapeutic milieu.  

    Behavior Management Training 

 The focus of CBIR is on developing self- awareness 
and self-management skills. Participants who have 
a very limited capacity for self-awareness and 
self-management (at least initially) may be inap-
propriate for outpatient or community-based 
CBIR. Such participants may be more effectively 
treated in a residential setting in which a care-
fully controlled program of  applied behavior 
analysis  can be consistently implemented. Such a 
program carefully orchestrates environmental 
stimuli and behavioral consequences to assist 
individuals in gaining better control over prob-
lematic behaviors [ 27 ]. 

 Nonetheless, some elements of applied behav-
ior analysis may be benefi cially introduced into 
an outpatient or community-based CBIR  program. 
Participants can learn and be assisted by others 
within the therapeutic milieu to identify stimuli that 
reliably precipitate problematic behaviors. For 
instance, does discussion of the participant’s mem-
ory problems usually make them angry or with-
drawn? Do particular activities or interactions tend 
to lead to expressions of anger? As these stimuli 
are identifi ed, other stimuli—typically more con-
structive self-talk—can be prompted. Other aids 
can be introduced to prompt constructive and 
rewarding behaviors—ranging from a simple label 
on the participant’s planner that reminds them to 
“Stop and Think” to more elaborate prompts con-
tained in a planner, schedule, or smart phone. 
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 Reinforcers of problematic behaviors can also 
be identifi ed and examined. What is the payoff 
when an individual gets angry about their mem-
ory problems? Does it simply feel good to dis-
charge the frustration? Or does it also get them 
attention or sympathy from others or get them out 
of the diffi cult work of developing methods to 
compensate for these problems? As reinforcers 
of problematic behaviors are identifi ed and 
reduced, more constructive behaviors and more 
positive naturally occurring reinforcers can be 
introduced. For instance, teaching a newer par-
ticipant about using a daily planner effectively 
may be a more gratifying kind of attention than 
the kind of attention elicited through raging about 
having to use a daily planner. 

 Ultimately, the CBIR participant will become 
an active participant in identifying, analyzing 
and modifying the stimulus–response-reinforcer 
sequences that form the core of behavior manage-
ment training. However, initially in cases in which 
self-management and self-awareness are more 
limited, the process may begin with therapists tak-
ing more responsibility for regulating stimulus–
response-reinforcer dimensions and gradually 
transferring this control to the participant.  

    Vocational Interventions 
and Resource Facilitation 

 Treatment of the impairments and disabilities 
that occur after TBI set the stage for return to 
work. However, it is a mistake to assume that 
reduction in impairment and disability alone will 
assure a successful return to work. Return to 
work is a separate step in the process of CBIR 
that requires a specialized focus and intervention. 
Reviews of naturalistic and controlled studies 
[ 28 ,  29 ] reveal that without specialized voca-
tional services, less than 30–40 % of individuals 
with moderate to severe TBI successfully return 
to work; whereas, with specialized vocational 
services, 60–70 % or more can maintain employ-
ment in the community [ 28 ,  30 – 32 ]. Supportive 
employment services (such as job coaching, job 
shadowing, work trials, environmental adapta-
tions, employer and co-worker education and 

work peer support) are typically required in work 
reintegration after TBI. In most cases, these sup-
portive services can be discontinued over the fi rst 
year following initial vocational placement. 

 Buffi ngton and colleagues [ 33 ] outline the 
fundamental features and key elements (see 
Table  4 ) of what they termed to be a “medical- 
vocational case coordination system.” In many 
ways this is a “whatever it takes” model in which 
a designated service provider assists the individ-
ual with TBI and their close others to develop 
a network of medical, rehabilitation, and 
community- based supports and services that 
assist them in obtaining and maintaining employ-
ment. More recently this type of intervention has 
been termed “resource facilitation.” Although the 
target of resource facilitation is often return to 
work, Trexler et al. [ 32 ] demonstrated in a ran-
domized controlled trial that this model not only 
almost doubles return to work rates compared to 
controls but also improves community reintegra-
tion more generally.

   For complex cases requiring CBIR, the pro-
cess of vocational reintegration is typically and 
best begun while the individual is still actively 
receiving rehabilitation. This allows individuals 
to receive more focused therapy in areas that 
emerge as particularly critical to return to a spe-
cifi c job. Identifi cation of how therapeutic activi-
ties and compensation techniques are important 
for return to a specifi c job also increases the rel-
evance of these activities for participants and 
their motivation. The CBIR program provides a 
safety net for individuals during initial work  trials. 
Because of ISA, many CBIR participants overes-
timate their work skills and fail to appreciate the 
way disabilities secondary to TBI will interfere 
with their return to work. In many cases, no 
amount of discussion, feedback, and simulation in 
a clinical setting will convince these individuals 
that they may be unable to successfully perform 
in a job that they held previously. In such cases, a 
work trial in which the individual has the opportu-
nity to try themselves out in a job very similar to 
their previous or desired job is the only way to 
help them to improve their self-awareness. 

 The risk of such work trials is that the partici-
pant will be demoralized and even become 
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depressed by their failure to be successful on the 
work trial. However, if skillfully and supportively 
managed by the team, these experiences can be 
critical to developing more accurate self- 
awareness. The team’s job is to help the partici-
pant see failure in a work trial as a learning 
experience rather than as a failure experience. The 
team helps the participant analyze what features 
of the job presented insurmountable obstacles and 
what features were within their competencies, and 
then steers further job search toward occupations 
in which the participant can use his or her strengths 
and minimize his or her weaknesses. In many 
cases, several brief work trials of 1–2 weeks are 
required in order to develop suffi cient self-aware-
ness and assist the participant to fi nd a niche in the 
world of work where he or she can be successful.  

    Work and Independent Living Trials 

 Practice in real life situations is critical to suc-
cessful outcomes for CBIR in most cases. These 
trials allow participants to assess their abilities in 
a concrete way. Because of cognitive impair-
ments in abstraction and generalization, many 
CBIR participants are unable to recognize how 
their disabilities will interfere with community 
integration in a conceptual way. They have to 
experience the consequences of their disabilities 
in real world settings. As mentioned previously, 
these supported trials can be developed to assist 
participants to become more aware of their 
strengths and weaknesses in the world of work. 
Supported trials can also be developed to iden-
tify assets and limitations in independent living, 

   Table 4    Fundamental features and key elements of resource facilitation   

  Fundamental features  
 • Resource facilitator to assist in 

developing: 
 • Early intervention  • Family/signifi cant others, 

employer, and coworker 
education 

 – Self-directed plan  • Work/independent living trials  • Medical, rehabilitative, 
independent living, and  
vocational intervention 

 – Network of medical center 
and community services 

 • Temporary or long-term supports 
and coaching 

  Key elements  
 • Develop a comprehensive plan 

that addresses a range of issues: 
 • Focus early on community and 

vocational reintegration 
 • Provide reasonable 

accommodations before 
placement  – Sleep and nutrition  • Identify residual impairments that 

may interfere with vocational 
reintegration and refer for 
appropriate medical rehabilitation 
services 

 – Fatigue and activity tolerance  • Integrate real-life goals with 
rehabilitation therapy goals 

 • Provide education to family/
signifi cant others, employers, 
coworkers, and community 
service providers 

 – Mood 

 – Substance use  • Use real-life and on-the-job 
evaluations to gather the best 
information about a person’s skills 
and need for further training 

 • Provide coaching and 
training for individual 
served to become their own 
advocate 

 – Cognitive limitations and 
compensation 

 – Social-communication needs  • Provide appropriate support 
during evaluations 

 • Clearly identify a resource 
person to contact for 
questions and concerns 

 – Social and physical environment 

 • Provide a smooth transition from 
medical to community- based services 

 • Provide continued training and 
support after placement including 
coaching and extended real-life 
trials 

 • Provide regular, frequent 
follow-up after placement 

 • Facilitate communication among 
family/signifi cant others, community 
agency and volunteer services, and 
medical rehabilitation services to 
develop a team approach 
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including use of transportation, shopping, and 
leisure time activities. No matter what the set-
ting, the goal of these real life trials is to allow 
the participant to try themselves out and see for 
themselves whether they are up to the tasks 
required. 

 This is not, however, a matter of “throwing 
them in at the deep end and seeing if they can 
swim.” To the contrary, real life trials are care-
fully orchestrated so that the participant indeed 
has to accomplish the tasks required in the setting 
with limited assistance but also has support from 
one or more members of the CBIR team to help 
them avoid any disastrous consequences. The 
CBIR team’s role is also to help participants 
identify their successes and failures and use these 
observations to be more successful. A better 
appreciation of assets and limitations in various 
real life settings should also lead to (1) identifi ca-
tion of required environmental adaptations, (2) 
more focused therapy in areas where this may be 
helpful to improve success, (3) identifi cation of 
required social and community supports, and (4) 
development of more realistic goals.  

    Family/Close Others Involvement 
and Intervention 

 A supportive family or well-established social 
support network can be an unparalleled resource 
for the CBIR participant in approaching the goal 
of community reintegration. On the other hand, 
an unsupportive or dysfunctional family or sup-
port system can be an unparalleled liability. 
Some CBIR programs require involvement of a 
family member or close other. However, it is 
probably better advised to do an evaluation of 
the family prior to making a decision regarding 
their level of involvement. Sander et al. [ 34 ] 
reported that 25–33 % of families with a member 
who has a brain injury are experiencing sig-
nificant dysfunction at the time of their injury, 
regardless of socioeconomic background. This 
fi nding indicates that not all the distress that 
families experience after TBI is in reaction to the 
injury. In a substantial minority of cases, family 
distress is also due to factors that predate the 

injury and may be longstanding. Such families 
may need more intensive intervention than the 
typical education and support that is provided to 
close others as part of rehabilitation. Families 
with longstanding and complex pathology will 
require intensive and specialized family inter-
vention. If these very dysfunctional families are 
not receptive to intervention to address issues 
that will markedly interfere with the partici-
pant’s rehabilitation, the best strategy may be to 
help the participant extract themselves from the 
dysfunctional family system and assume a more 
independent lifestyle. 

 In other cases, participants from very healthy 
families may be at an age (late adolescence/early 
adulthood) in which they were already moving 
toward a lifestyle that was more independent of 
their family of origin. These individuals were in a 
process of  separation and individuation  as they 
began to assume the role of an independent and 
self-suffi cient adult. However, their injuries cast 
them back into a more dependent role in the fam-
ily. In some cases, this more dependent role may 
be necessary and because of severe disabilities, 
the individual will always need to be dependent 
on someone else, like a family member. Parents 
of young adults with TBI may reassume the role 
of care-giving parent for a period of time. In 
these cases, stress will re-emerge as the parents 
age and enter a time of life where they are no 
longer able to care for their child because of their 
own health problems and associated disabilities. 
In such cases where long-term dependency and 
support is projected for the person with TBI, 
planning should begin early for transitioning care 
to someone else as the parents age. 

 In other cases, late adolescents and young 
adults may realistically choose to continue to 
pursue their quest for independent adulthood 
despite the disabilities that resulted from TBI, 
and may request that their families of origin not 
be involved in the rehabilitation process—even 
though their families may very much want to be 
involved. The wishes of the participant must be 
respected in such cases; however, counseling 
with the family and participant to make this pro-
cess of separation and individuation a healthy 
and supportive one is recommended. 
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 In cases in which a spouse needs to assume a 
caregiver role with a previously independent 
adult, the relationship may be severely strained. 
Counseling for the spouse may assist them in 
coping and with decision-making regarding 
whether they can realistically assume this role. In 
some cases, a mutually satisfying marital rela-
tionship can continue; however, in others, the 
best choice may be for the care-giving role to be 
transferred to someone else. 

 As can be seen from the preceding discussion, 
involvement of family and close others in CBIR 
can involve a complicated decision-making pro-
cess, requiring consideration of multiple factors. 
Members of the CBIR team may disagree among 
themselves regarding the level of involvement 
that is appropriate in a given case. As in all 
aspects of CBIR care, the goal is for rehabilita-
tion team members to come to consensus along 
with the participant and family/close other on this 
issue and to support each other in pursuing the 
agreed upon plan. More detailed information on 
the role of the family in rehabilitation can be 
found in the chapter by Sander in this volume.  

    Environmental Assists 
and Modifi cations 

 Adjustments to or enhancements of the physical 
and social environments in which the participant 
will live and work can include (1) external aids, (2) 
cues and prompts, (3) interpersonal supports, 
and (4) alterations that improve accessibility and 
engagement. These types of interventions are 
highly individualized and are limited only by the 
creativity of the therapist in identifying environ-
mental modifi cations that are both acceptable and 
helpful to the participant. External aids, for 
instance, may include a notebook or day planner to 
assist memory or a smartphone or other electronic 
device to accomplish the same thing. Generally, 
electronic aids are most helpful to individuals who 
have used these devices prior to their injuries and 
are familiar with the procedures involved in their 
operation. To the contrary, participants who do not 
have previous experience with electronic aids are 
likely to fi nd them frustrating. 

 At a less complex level, a system of prompts 
and cues to remind participants of routine activi-
ties, or even a more general reminder to “stop and 
think,” will help participants stay on track as they 
move through their day. The rule of thumb in devel-
oping a system of cues and prompts is that “less is 
more.” That is, a small number of carefully consid-
ered cues or prompts may be extremely helpful; 
whereas, a large number will be overwhelming. 
Other people (e.g., family members and close oth-
ers, co-workers) can be enlisted to provide prompts, 
reminders, and coaching to the participant. In 
enlisting the support of other people, their roles 
should be clearly specifi ed and they should be 
given the message that they can assist the partici-
pant but are not responsible for the participant. 
Being able to occasionally receive a reminder or a 
bit of coaching from a co-worker can be critical to 
a person with TBI’s success in a job. However, if 
the person with TBI becomes very dependent on 
the co- worker, this will decrease the value of the 
person with TBI as an employee and run the risk of 
creating a sense of burden for the co-worker. 

 Common accessibility modifi cations (e.g., 
large print, ramps, ergonomic seating) that 
improve accessibility for individuals with physi-
cal limitations may also apply to individuals with 
TBI who not uncommonly have also experienced 
physical injury, disability, or chronic pain. Just as 
importantly, the environment should be carefully 
examined for features that may be distracting or 
create discomfort for the person with TBI, such 
as bright or distracting lighting, a high level of 
ambient noise, and unpredictable changes in 
the amount of movement and stimulation. 
Elimination or reduction of such environmental 
features can greatly enhance the person with 
TBI’s ability to function in that environment.  

    Medication 

 Psychoactive mediations can be helpful to prog-
ress in CBIR. A thorough review of the applica-
tion and effectiveness of such medications is 
beyond the scope of this chapter. The interested 
reader is referred to chapters by Meythaler [ 35 ] 
and Arciniegas [ 36 ,  37 ] in  Brain Injury Medicine . 
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Briefl y, stimulant medications increase alertness, 
attention, and speed of processing. These medi-
cations can be helpful in cases in which attention 
and arousal are reduced or unreliable, as well as 
with participants with reduced initiation. Modern 
antidepressants (selective serotonin reuptake 
inhibitors; SSRIs) can be effective in moderating 
depression as well as other types of emotional 
distress, i.e., anxiety, anger. Other medications 
that have been found helpful in reducing anger 
and aggressiveness are amantadine and carbam-
azepine (an anticonvulsant). Trazodone hydro-
chloride and zolpidem are frequently prescribed 
to restore a regular sleep cycle. Regular sleep 
with complete sleep cycles is important to opti-
mal cognitive functioning. Medications to sup-
port memory performance may be trialed in 
individual cases but, in this author’s experience, 
results have been disappointing in most cases. 
Most medications have not been carefully studied 
as specifi cally applied to participants with TBI, 
and consequently, clear guidelines for their use 
with this population are not available. For this 
reason, a physician who is experienced in manag-
ing medications for people with TBI should 
supervise the use of these medications. 

 In this author’s opinion, medications such as 
these are best used to support a rehabilitation pro-
cess rather than as circumscribed treatments. For 
instance, an SSRI may help a participant with 
TBI and depression to experience less emotional 
distress, sleep better, and fi nd the energy to par-
ticipate in rehabilitation and cognitive-behavioral 
psychotherapy. However, learning active coping 
skills and increasing their involvement with other 
people and in valued activities is critical for them 
to maintain emotional stability in the long run. 
Similarly, other types of medications may greatly 
assist participants to fully participate in a reha-
bilitation process but this is often only the fi rst 
step toward helping them to learn ways to reduce 
or work around their disabilities in order to re- 
engage with their communities.  

    Co-morbidities and Prevention 

  Substance abuse . Active substance abuse or 
dependence is a contraindication for CBIR since 

a substance abuse disorder creates a marked barrier 
to a participant’s ability to participate in and 
benefi t from a rehabilitation process. Alcohol is 
the most commonly abused substance in the 
United States. Participants who have a history 
of alcohol or other substance abuse may effec-
tively participate in CBIR if they are simultane-
ously engaged in a substance abuse program to 
support their sobriety or have completed such a 
program and continue to maintain sobriety. 
Participants without a history of a substance 
abuse or dependence will benefi t from educa-
tion about the appropriate use of alcohol and 
other drugs including prescription medications 
as part of CBIR (see Corrigan [ 38 ] for more 
detailed information about methods for increas-
ing awareness of and addressing substance 
abuse issues after TBI). 

  Mental health . Psychiatric illnesses, particularly 
depressive and anxiety disorders, are another rela-
tively frequent co-morbidity for CBIR partici-
pants. These disorders may have been present 
prior to or develop after injury. Psychiatric medi-
cations are best managed in such cases by a neuro-
psychiatrist or other physician who is familiar in 
working with people with TBI. The development 
of psychological coping skills and supported re-
engagement in valued activities in the community 
are features of CBIR that will be of particular ben-
efi t to individuals with co- morbid mood disorders. 
All CBIR participants and involved family/close 
others will benefi t from education about the signs 
of mental health problems and appropriate actions 
to be taken if these signs appear. 

  Wellness . CBIR participants may have a wide 
array of other co-morbid health conditions that 
are related or unrelated to their injuries. Common 
health risk factors in the general population, such 
as, hypertension and hypercholesterolemia, may 
be increased by physical inactivity and poor nutri-
tion resulting from physical and cognitive impair-
ments due to TBI. Masel and DeWitt [ 7 ] have 
described the management of TBI as a chronic 
illness including assisting the individual with TBI 
to develop a healthy lifestyle. Individuals with TBI 
frequently have increased diffi culty communicat-
ing their health needs and concerns to healthcare 
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providers. CBIR programs include both (1) 
coaching participants about healthy lifestyles and 
communicating and addressing healthcare needs, 
and (2) assistance in developing a relationship 
with a primary healthcare team who can work 
effectively with the participant to manage their 
healthcare in the long term.   

    Monitoring/Measuring Outcomes 

 CBIR is a highly individualized process. While 
many components have a fi rm evidence base, devel-
oping the most effective array of these components 
for the individual participant remains as much an art 
as a science. For this reason, regular and consistent 
monitoring of individual participant progress as 
well as regularly evaluating the overall performance 
of the CBIR program for all participants is recom-
mended. Such processes support the assessment of 
the effectiveness of the program for the individual 
participant and the program as a whole and lead to 
appropriate modifi cations to increase effectiveness. 
Two methods to assess participant progress and pro-
grammatic outcomes that have gained relatively 
broad endorsement are GAS and the Mayo-Portland 
Adaptability Inventory (MPAI-4). 

    GAS 

 GAS is a method that places individualized par-
ticipant goals on a 5-point scale (see Table  5 ). By 
using the same scale for each goal and partici-
pant, progress can be compared across goals and 
participants, even though the goals themselves 
may be very different from each other. Using the 
5-point GAS scale rather than a simple binary 
record of goal achievement, i.e., goal accom-
plished/not accomplished, allows participants to 
be recognized both for accomplishing a goal at a 
minimally acceptable level as well as “exceeding 
expectations.”

   Goal statements should be SMART, i.e., spe-
cifi c, measureable, attainable, realistic, and time- 
limited. Goals should also refl ect achievements 
that are valued by the participant. The process of 
developing a set of GAS can itself be considered 
an intervention and, as such, dovetails nicely with 

GMT. The original GAS scaling ranged from −2 
to +2 with zero indicating the expected level of 
outcome; however, many of our CBIR partici-
pants objected to the negative numbers so we res-
caled using “positive” numbers as in Table  5 . In 
scaling individual goals, we typically set “1” as 
the participant’s level on admission to the pro-
gram and “2” as the minimally acceptable level of 
achievement on the goal. The number of goals 
scaled should be relatively small. Using GAS to 
scale 3–5 goals per participant is recommended. 
Many other smaller step goals that contribute to 
achievement of the GAS goals will also need to be 
identifi ed and monitored. These step goals are 
simply monitored as achieved or not achieved. 
Review of GAS and step goals weekly or every 
other week gives the participant, family/close 

     Table 5    GAS levels and examples   

 4 Much better than expected outcome 
 3 Better than expected outcome 
 2 Expected outcome 
 1 Less than expected outcome 
 0 Much less than expected outcome 
 GAS goal: participant routinely uses problem-solving 
and goal management strategies to solve problems in 
everyday life 
 4 Participant learns and uses problem-solving and goal 
management strategies in addressing life problems 
almost all the time independently 
 3 Participant learns and uses problem-solving and goal 
management strategies in addressing life problems about 
75 % of the time independently 
 2 Participant learns and uses problem-solving and goal 
management strategies in addressing life problems 75 % 
of the time with prompting 
 1 Participant has not learned and does not use problem-
solving and goal management strategies 
 0 Participant refuses to engage in systematic 
problem-solving 
 GAS Goal: Participant is in part-time paid employment 
with support 
 4 Participant works full-time for pay independently 
without support 
 3 Participant works part-time for pay independently 
without support 
 2 Participant works part-time for pay with intermittent 
support from work peers and vocational counselor 
 1 Participant is unemployed but interested in 
employment 
 0 Participant is unemployed and not interested in 
employment 
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other, and rehabilitation team a clear indication 
of where progress is being made in the primary 
targets for rehabilitation and where adjust-
ments in the treatment program are needed to 
improve the rate of progress. Greater detail 
about GAS and its application is available else-
where [ 39 ].  

    MPAI-4 

 The MPAI-4 is a rating scale, developed using 
classical and modern psychometric techniques, 
that includes the most common areas of disability 
and limitation that can occur after TBI. It is 
composed of three subscales measuring Ability, 
Adjustment and Participation (see Table  6 ). Its 
well-established psychometric measurement 
properties have supported its increasing use to 
evaluate post-hospital brain injury rehabilitation 
programs. The MPAI-4, a manual for its use, and 
foreign language translations are available for 
free download on the web site of the Center for 
Outcome Measurement in Brain Injury (COMBI; 
http://  www.tbims.org/combi/mpai    ). Additional 
information about the psychometric develop-
ment and properties of the MPAI-4 is available 
in the manual and other sources [ 40 – 42 ].

   The MPAI-4 is not intended to be a compre-
hensive list of all possible sequelae of brain 

injury, since such a list would be so extensive 
that it would make the inventory impractical for 
clinical use. Rather, the MPAI-4 focuses on 
common sequelae that indicate the range of 
severity of disability after brain injury. The 
MPAI-4 is best completed by consensus of an 
evaluating rehabilitation team and provides a 
method for the team to come to agreement about 
the participant’s profi le of disabilities and limi-
tations as they design the rehabilitation treat-
ment plan. A recent article by Lexell et al. [ 43 ] 
shows how the MPAI-4 links to the International 
Classifi cation of Functioning (ICF). The ICF pro-
vides lists of more specifi c abilities and activi-
ties that may become goals for rehabilitation after 
the general areas for intervention are identifi ed 
using the MPAI-4. Program staff complete the 
MPAI-4 again when the participant is dis-
charged. Some programs with more extended 
lengths of stay may have staff complete the 
inventory midway through the treatment pro-
cess. The Participation Index provides a brief 
assessment of the primary goal of CBIR—com-
munity reintegration—that can be completed 
over the telephone [ 44 ]. The Participation Index 
is used by many programs for follow-up at 3, 6, 
and/or 12 months to assess the resilience of their 
outcomes. Examples of the use of the MPAI-4 
for evaluations of various types of post-hospital 
programs can be found elsewhere [ 11 ,  12 ].   

   Table 6    Mayo-Portland adaptability index (MPAI-4) items and subscales   

 Ability index  Adjustment index  Participation index 

 Mobility  Anxiety   Initiation  
 Use of hands  Depression   Social contact  
 Audition  Irritability, anger, aggression   Leisure activities  
 Vision  Pain/headache  Self-care 
 Motor speech  Fatigue  Residence 
 Dizziness  Sensitivity to mild symptoms  Transportation 
 Verbal communication  Inappropriate social interaction  Employment 
 Nonverbal communication  Impaired self-awareness  Managing money 
 Memory  Family/signifi cant relationships 
 Attention/concentration   Initiation  
 Fund of information   Social contact  
 Novel problem-solving   Leisure activities  
 Visuospatial abilities 

  Italicized items contribute to both adjustment and participation indices  
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    Case Example 

 A thorough presentation of the complexities and 
intricacies of a CBIR team working with an indi-
vidual participant would require another full 
chapter, at a minimum. However, the case 
description in Table  7  and the treatment plan out-
line in Table  8  may give a fl avor for how goals are 
prioritized in an interdisciplinary CBIR team 
evaluation and how individual and group inter-
ventions are designated to achieve these goals. 
Review of Table  8  will also reveal interventions 
targeted at developing or improving family, 
social, and environmental systems in addition to 
those offered directly to the participant. For some 
goals, the importance of practice and reinforce-
ment throughout the program in the therapeutic 
milieu is highlighted, and, for other goals, this is 

extended to homework and practice outside the 
program.

    The problem list in Table  8  is referenced to the 
MPAI-4 and the current status and goal level for 
each problem is designated using levels of the 
MPAI-4. In addition, four of the problem areas 
(novel problem-solving, social interaction, irrita-
bility, and employment) are designated for devel-
opment of more specifi c GAS. Two of these GAS 
are used as examples in Table  5 . These are areas 
that are believed to be of critical importance to 
the overall success of the program and for which 
the largest change is required. Development of 
these GAS in collaboration with the participant 
may take several weeks and, in the case example, 
will be an important intervention in and of itself 
to help develop the participant’s self-awareness. 
In achieving all goals, numerous short-term step 
goals will be set on a daily and weekly basis. 

   Table 7    CBIR team evaluation summary   

 Shareen C. is a 29-year-old African-American woman who was injured in a motor vehicle accident approximately 3½ 
years ago. She was driving alone driving at the time of the accident when an approaching driver apparently lost 
control of his vehicle and hit Shareen head on. The other driver died in the crash. The patient was apparently in 
excellent health that time of the injury and has no prior history of signifi cant medical conditions at the time of the 
accident and no a history of psychiatric or substance abuse disorders. Her brain injury was severe. Her initial Glasgow 
Coma Scale was 6. Posttraumatic amnesia of approximately 2 months was reported. Initial CT scan revealed 
contusions and small hematomas in the frontal lobes bilaterally; these did not require surgical intervention. MRI 2 
years after her injury showed bilateral encephalomalacia in the frontal lobes and temporal poles bilaterally. In addition 
to her brain injury, the patient fractured her left lower extremity in the accident 
 She has history of a single seizure in the emergency room after her injury with no subsequent seizure history. She is 
on Tegretol for irritability and aggression; however her mother feels this has been minimally effective 
 The patient is a college-educated woman who was working as a communications specialist for a multinational 
corporation. She has never married. Her mother accompanied her to the evaluation and is her primary caregiver. 
Shareen’s mother divorced her father when Shareen was 5 years old. Shareen has had no contact with her father since 
that time 
 An interdisciplinary rehabilitation evaluation reveals a number of sequelae to the patient’s brain injury. Mild diffi culty 
in ambulation is apparent associated with persistent left footdrop. However, this is remediated for most functional 
purposes with the use of a brace. This right-handed woman has mild fi ne motor impairment bilaterally which 
interferes with functional activities less than 25 % of the time. Motor speech is impaired. The patient is diffi cult to 
understand a minority of the time. However, language abilities are generally intact although the patient has occasional 
word fi nding problems. Nonverbal and pragmatic communication diffi culties are apparent most of the time in 
everyday communication. The patient is hyperverbose, frequently interrupts others, and appears insensitive to the 
normal give-and-take of conversation. Attention and concentration are severely impaired on neuropsychometric 
testing and distractibility and inattention are also apparent in conversation and other everyday activities per the 
patient’s mother. The patient’s mother reports that she is no longer able to multitask. The patient also demonstrates 
severe new learning ability on neuropsychometric testing and her mother reports that she has diffi culty retaining new 
information most of the time. Her general intelligence is in the lower end of the average range but appears to have 
declined given her educational and vocational history. Her general fund of information may be intact; however, her 
ability to access this information is not reliable. The patient demonstrates very signifi cant impairment in abstract 
reasoning and problem-solving on neuropsychometric testing. Diffi culty in managing new situations and problem-
solving in everyday life is confi rmed by the patient’s mother. Although she has mild diffi culty on complex visual 
spatial tasks, probably refl ecting higher-order cognitive impairments noted previously, basic visual and visual 
perceptual abilities appear intact 
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 There is no evidence of signifi cant anxiety and depression; however, the patient’s mother reports that she is frequently 
irritable and verbally aggressive when confronted with her disabilities. The patient has some awareness of the 
sequelae of her brain injury but does not appear to appreciate the way these disabilities may interfere in everyday life. 
For instance, she appears unaware of how her cognitive impairments interfere with return to work. She’s convinced 
that she could return to work immediately. Social-communication impairments are also associated with inappropriate 
and disinhibited interpersonal behavior a majority of the time. Consequently, most of the patient’s social interactions 
are problematic and other people appear to fi nd many of her communications and manner mildly offensive. Although 
her mother remains very supportive, changes in the patient’s interpersonal style are diffi cult for the mother to 
understand and are creating at least mild stress within their relationship. The mother describes her daughter as 
formerly a very goal-oriented and self-assured young woman who now appears to have “gone wild”. 
 Diffi culties in social interactions, disinhibition and cognitive diffi culties have had a detrimental effect on the patient’s 
social network. The friends she had prior to her accident currently have very limited contact with her. She had a close 
male friend prior to her injury; however, this relationship dissolved over the years subsequent to her injury. Her leisure 
interests and activities are virtually nonexistent. The patient is able to manage basic self-cares (feeding, grooming, 
toileting) with only an occasional prompt. However, she requires assistance in many more complex activities of daily 
living. She currently resides with her mother who takes primary responsibility for most cooking and other household 
chores. Shareen is unable to drive and cannot use public transportation without assistance; for instance, her mother is 
required to accompany her to doctors’ appointments. The patient is currently unemployed. She is able to manage 
small fi nancial transactions, such as, shopping for a few items. Her mother is her legal guardian and takes 
responsibility for managing the savings and investments that Shareen has from before her accident and for the 
settlement she received from the accident 

Table 7 (continued)

     Table 8    Treatment plan outline for Shareen C   

 Problem  Current status  Intervention  Goal level 

 Impaired ambulation  Mild problem but does 
 not  interfere with 
activities; uses assistive 
device 

 None  No further improvement 
expected 

 Impaired use of hands  Mild problem; 
interferes with activities 
5–24 % of the time 

 None  No further improvement 
expected 

 Impaired motor speech  Mild problem; 
interferes with activities 
5–24 % of the time 

 Individual speech therapy  Mild problem but does 
 not  interfere with 
activities 

 Impaired word fi nding  Mild problem but does 
 not  interfere with 
activities 

 None  No further improvement 
expected 

 Impaired novel 
problem-solving 

 Severe problem; 
interferes with activities 
more than 75 % of the 
time 

 Training in systematic 
problem-solving a  

 Mild problem; interferes 
with activities 5–24 % 
of the time 

 Goal management training a   Develop GAS 
 Engagement in GAS 
development process 

 Impaired attention  Moderate problem; 
interferes with activities 
25–75 % of the time 

 Attention process training a, b   Mild problem; interferes 
with activities 5–24 % 
of the time 

 Impaired memory  Moderate problem; 
interferes with activities 
25–75 % of the time 

 Memory notebook 
development and training a, b  

 Mild problem; interferes 
with activities 5–24 % 
of the time 

 Impaired nonverbal and 
pragmatic communication 
skills 

 Moderate problem; 
interferes with activities 
25–75 % of the time 

 Social-communication 
group a  

 Mild problem; interferes 
with activities 5–24 % 
of the time 

 Inappropriate social 
interaction 

 Moderate problem; 
interferes with activities 
25–75 % of the time 

 Social communication 
group a  

 Mild problem but does 
 not  interfere with 
activities 
 Develop GAS 

(continued)
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Table 8 (continued)

 Problem  Current status  Intervention  Goal level 

 Irritability  Moderate problem; 
interferes with activities 
25–75 % of the time 

 Neuropsychiatric evaluation 
for pharmacologic 
treatment 

 Mild problem but does 
 not  interfere with 
activities 

 Group and individual anger 
management training a  

 Develop GAS 

 Needs occasional prompts 
from mother to complete 
self-cares 

 Mild problem but does 
 not  interfere with 
activities; dependent on 
mother for prompting 

 Individual OT to develop 
self-cuing system b  

 Mild problem but does 
 not  interfere with 
activities; independent 
with cuing system 

 Impaired self-awareness  Moderate problem; 
interferes with activities 
25–75 % of the time 

 Patient/family education  Mild problem; interferes 
with activities 5–24 % 
of the time 

 Self-awareness 
intervention a  
 Work trials 

 Unable to live 
independently 

 Requires moderate 
assistance or 
supervision from others 
(25–75 % of the time) 

 Address cognitive, 
emotional, and social issues 
and transition to group 
home situation 

 Requires a little 
assistance or supervision 
from others (5–24 % 
of the time) 

 Unable to travel around 
town independently 

 Requires moderate 
assistance or 
supervision from others 
(25–75 % of the time); 
cannot drive 

 Training in limited use of 
public transportation 

 Requires a little 
assistance or supervision 
from others (5–24 % of 
the time); cannot drive 

 Limited social contact  No or rare involvement 
with others (less than 
25 % of normal 
interaction for age) 

 Address emotional and 
social problems that are 
obstacles to new 
relationships 

 Mildly limited 
involvement with others 
(75–95 % of normal 
interaction for age) 

 Social communication group b   Develop GAS 
 Limited leisure/
recreational activities 

 No or rare participation 
(less than 25 % of 
normal participation for 
age) 

 Leisure skills group b   Mildly limited 
participation (75–95 % 
of normal participation 
for age) 

 Unemployment  Unemployed  Individual vocational 
counseling 

 Full-time or part-time 
employment with 
support 

 Resource facilitation  Develop GAS 
 Work trials 

 Unable to manage money 
independently 

 Requires a little help or 
supervision (5–24 % of 
the time) with large 
fi nances; independent 
with small purchases 

 Counseling with mother 
and daughter to develop 
long term plan for fi nancial 
management support 

 No change in patient 
status expected 
 Goal is to develop more 
viable, long term, 
external support system 
for participant in 
managing her fi nancial 
affairs 

 Strained relationship with 
mother 

 Mild stress that 
interferes with family 
functioning 5–24 % of 
the time 

 Counseling/behavioral 
rehearsal with mother and 
daughter 

 Normal stress within 
family 

 Training mother to prompt/
reinforce daughter’s anger 
management and improved 
social interaction b  
 Transition to group home 

   a Practice/reinforcement in other groups and therapeutic milieu 
  b Homework/practice outside of program with review in program  
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Progress toward goals will be evaluated formally 
at conferences that include the participant and 
her mother every other week and more frequently 
in team briefi ng/debriefi ng sessions. Goals and 
the treatment plan will be further modifi ed and 
refi ned through these ongoing evaluations.  

    Conclusion 

 As can be seen from the methods and processes 
described in this chapter and in the brief case 
report, CBIR is a complex, multimodal, transdis-
ciplinary intervention that addresses sequelae of 
TBI holistically and comprehensively. Not only 
are interventions implemented to reduce the 
impairments of the individual with TBI but also 
to modify family, social, and environmental sys-
tems in order to facilitate the participant’s re- 
entry into community life. Most of the individual 
interventions are supported by scientifi c study; 
however, the combination of these interventions 
is highly individualized depending on the needs 
and goals of the participant. Transdisciplinary 
teamwork and the development of the therapeutic 
alliance that are so critical to the success of CBIR 
are diffi cult to prescribe in detail or manualize. 
Consequently, CBIR is as much art as science 
and may remain so into the indefi nite future.     
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    Abstract  

  Traumatic brain injury (TBI) is a leading cause of disability in children. 
This chapter addresses the unique challenges facing children with TBI. 
Outcome, assessment, and intervention issues are discussed in relation to 
injuries sustained during two stages of development: (1) infancy and early 
childhood and (2) school-age and adolescence. Two cases studies are pre-
sented to illustrate issues relevant to children with TBI.  
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accommodations  

      Pediatric Traumatic Brain Injury: 
Outcome, Assessment, 
and Intervention 

           Mary     R.     Prasad       and     Linda     Ewing-Cobbs    

     Traumatic brain injury (TBI) is a leading cause of 
disability in children [ 1 ]. Severe TBI often pro-
duces alterations in many domains of daily func-
tioning that persist throughout life. In this chapter, 
we will discuss outcome, assessment, and inter-
vention issues in relation to injuries sustained 
during two stages of development: (1) infancy 
and early childhood and (2) school-age and 
 adolescence. We provide case studies to illustrate 
the unique issues and challenges facing children 
who sustain TBI during these different stages of 
development. 

 Epidemiological studies indicate that over one 
million children a year sustain TBI and approxi-

mately 30,000 have long-term disabilities [ 2 ]. 
Each year in the United States, approximately 
475,000 children between the ages of 0 and 14 
years sustain a TBI [ 3 ]. Children aged 0–4 years 
and older adolescents aged 15–19 years have a 
greater likelihood of sustaining a brain injury 
than other age groups [ 4 ]. The external cause of 
injury varies according to age. In infancy to early 
childhood, falls and bicycle/pedestrian–motor 
vehicle collisions are the most frequent causes of 
TBI [ 5 ]. Although assault is responsible for only 
approximately 5 % of brain injuries in children 
aged 1–4 years, assault produces 90 % of serious 
brain injuries [ 6 ]. Head trauma infl icted by child 
abuse is the leading cause of death in children 
under the age of 3 years. In school-aged children 
and adolescents, motor vehicle incidents are a 
primary cause of injury and more recently there is 
a growing recognition of sports-related TBI [ 7 ]. 
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 Dennis and colleagues [ 8 ] postulated that 
brain injuries sustained in childhood can alter 
both brain reserve and cognitive reserve. Brain 
reserve is a proxy variable for the health of the 
brain and may refl ect the infl uence of a variety of 
genetic/congenital factors as well as environmen-
tal insults, such as chemotherapy or TBI. 
Cognitive reserve is viewed as a combination of 
pre-injury and post-injury cognitive abilities, as 
well as environmental factors such as socioeco-
nomic status and family environment. Brain 
reserve and cognitive reserve infl uence each 
other; their joint infl uence on outcomes may be 
moderated or mediated by injury-related vari-
ables such as the age at injury, time since injury, 
and type/location of parenchymal injury. The 
combined infl uence of these factors affects func-
tional plasticity, which in turn affects physical, 
cognitive, and psychosocial outcomes. 

 The sequelae of TBI can vary greatly depend-
ing on many injury-related factors including 
severity of injury to the brain and body, age at 
injury, type and location of brain injury, as well 
as factors related to the child’s pre-injury abilities 
and characteristics of the family environment 
before and following the injury. Although these 
cognitive and brain reserve factors interact in 
complex ways, severity of TBI is a major predic-
tor of the quality of outcomes. Although many 
TBIs are considered to be mild and result in few 
long-term impairments, infants, children and 
adolescents with severe TBI sustain signifi cant, 
chronic impairments [ 9 ]. 

 Recently, the Pediatric Common Data 
Elements (CDE) Traumatic Brain Injury 
Outcomes Workgroup identifi ed a common set of 
core and supplemental outcome measures for 
research in pediatric TBI [ 10 ]. Although initially 
developed for researchers, the recommended bat-
tery is an excellent resource for clinicians as well. 
The battery covers many domains, including 
adaptive and daily living skills, health-related 
quality of life, language and communication, 
attention and processing speed, executive func-
tioning, memory, physical functioning, as well as 
social and psychological functioning. These 
domains often have overlapping infl uences. For 
example, neuropsychological defi cits in execu-

tive functions, attention, memory as well as 
behavioral dysregulation are related to poor 
health-related quality of life [ 11 ], are predictive 
of parental stress and burden [ 12 ], and contribute 
to poorer social outcomes [ 13 ]. In addition to 
covering the same domains as the common data 
elements for adults, the pediatric elements 
include academic outcomes and family function-
ing/environment. Inclusion of these areas refl ects 
the centrality of these domains for children’s 
everyday performance. Interestingly, these latter 
domains were emphasized by Taylor [ 14 ], who 
described the role of the neuropsychologist as 
isolating the “signal” of TBI from the back-
ground “noise” by evaluating how post-injury 
functioning impacts home and school. 

    TBI in Early Childhood 

 Studies examining a variety of neuropsychologi-
cal outcomes have identifi ed widespread altera-
tion in functioning after moderate to severe TBI. 
Young children who sustain signifi cant TBI are at 
high risk for lifelong reduction of abilities in 
many domains, including cognitive and motor 
abilities as well as behavioral competencies. Due 
to a combination of injury-related and family 
environment factors, outcomes appear to be less 
favorable in infants with infl icted TBI than in 
children with accidental or noninfl icted injuries 
[ 15 ]; see review by Ewing-Cobbs and Prasad 
[ 16 ]. Across the fi rst few years after TBI, infants 
and preschool-aged children with moderate to 
severe accidental TBI show lower initial general 
cognitive scores and less recovery over time than 
seen following TBI in school-aged children or 
adolescents [ 9 ,  17 – 19 ]. In young children, recov-
ery curves depicting the post-traumatic change in 
IQ scores across time are either fl at, indicating no 
improvement in scores after the initial injury 
[ 19 ], or show a decline across time [ 20 ], indicat-
ing failure to develop new skills at age- appropriate 
rates. In particular, TBI acquired early in life may 
impede the progression of later-developing skills 
due to the combined negative impact of reduced 
general cognitive skills and diminished effi ciency 
for learning and retaining new information [ 21 ]. 

M.R. Prasad and L. Ewing-Cobbs



313

 Acquisition of academic skills, particularly 
reading, may be vulnerable following early brain 
injury. Barnes and colleagues [ 22 ] found that 
children who sustained a signifi cant brain injury 
prior to learning how to read scored signifi cantly 
lower on reading tasks than children injured at 
older ages. Children who sustained severe brain 
injuries between the ages of 3 and 7 years scored 
lower on measures of early academic develop-
ment and cognitive functioning than children 
with orthopedic injuries [ 23 ]. These academic 
defi cits appear to persist, resulting in signifi cant 
academic challenges for children who sustain 
signifi cant brain injury in early childhood. A fol-
low- up study of children who sustained moderate 
to severe TBI prior to the age of 3 years found 
that nearly 50 % failed a school grade and/or 
required placement in self-contained special edu-
cation classrooms. The odds of unfavorable aca-
demic performance were 18 times higher for 
children with TBI than for healthy comparison 
children [ 24 ]. Unfavorable vocational outcomes 
have been associated with children sustaining 
TBI early in life [ 25 ], even in some persons who 
achieved normal school performance [ 26 ]. 
Clearly, severe TBI sustained early in life is asso-
ciated with a high risk for serious academic and 
vocational diffi culties that may become increas-
ingly evident later during development. 

 Recent attention has been given to the role of 
family environment and psychosocial factors in 
outcome from early TBI [ 27 ]. Authoritarian and 
over controlling parenting styles worsened 
behavioral outcomes for children who had sus-
tained moderate to severe TBI [ 28 ]. Parenting 
style and family functioning were found to be 
related to behavioral aspects of executive func-
tion in children under the age of 7 with TBI. For 
children with moderate TBI, authoritarian par-
enting was associated with greater executive 
functioning diffi culties at 1 year post-injury [ 29 ]. 
Young children with TBI were rated by caregiv-
ers as having signifi cantly lower social compe-
tence than orthopedic controls at 6 months 
post-injury [ 30 ]. Children who had sustained TBI 
prior to the age of 4 years were found to have 
higher rates of social impairment at 8 years of 
age than children injured between the ages of 4 
and 6 years [ 31 ].  

    Assessment of Young Children 
with TBI 

 There are no specifi c neuropsychological 
 instruments per se for assessing outcomes in 
infants with TBI. Measures of general cognitive 
and motor development such as the Bayley Scales 
of Infant Development-3rd Ed. [ 32 ] or Mullen 
Scales of Early Learning [ 33 ] are often used. 
Both measures have been used in studies examin-
ing outcome from early TBI [ 15 ,  34 – 36 ]. These 
are comprehensive measures that provide sub-
scale scores for cognitive, motor, and language 
functioning. Parent rating scales are useful in 
assessing social or behavioral issues in children 
over the age of 1 year. Commonly used measures 
include the Child Behavior Checklist [ 37 ] and the 
Brief Infant and Toddler Social Emotional 
Assessment [ 38 ]. Adaptive functioning measures 
also include scales regarding social and emo-
tional functioning and have been used to assess 
outcome in infants and young children with TBI 
[ 39 ,  40 ]. Several measures assessing executive 
functioning are available for children as young as 
18 months. The Behavior Rating Inventory of 
Executive Function-Preschool [ 41 ] is a parent 
completed questionnaire assessing early compo-
nents of executive functioning. The NEPSY-2 
[ 42 ] also has inhibitory control and other execu-
tive tasks that begin at the age of 2 years.  

    Intervention for Infants and 
Preschoolers with TBI 

 Young children are by their very nature depen-
dent on adults and often their impairments fol-
lowing a signifi cant brain injury may not be as 
readily apparent to families. As children age and 
more is expected of them, the impact of their cog-
nitive impairments becomes more frank and fam-
ilies often fi nd themselves unprepared for the 
challenges that the children are facing. Finding 
appropriate rehabilitative services for young chil-
dren with TBI is challenging. We have found that 
most young children with severe TBI do not 
receive appropriate rehabilitative services. 
Infants and toddlers under the age of 36 months 

Pediatric Traumatic Brain Injury: Outcome, Assessment, and Intervention



314

with TBI are eligible for therapeutic services 
under Part C of the Individuals with Disabilities 
Education Act (IDEA; Public Law 101–476) 
through state run early childhood intervention 
programs (ECI). To qualify for ECI services, a 
child must fi rst undergo a screening evaluation 
conducted by ECI professionals. It is not uncom-
mon for young children with TBI to be ineligible 
for intervention service because their perfor-
mance on a developmental screening measure 
was found to be above the defi cient range for 
their age. We have found that comprehensive 
developmental assessments using standardized 
measures such as the Bayley Infant Development 
Scales-III or the Mullen Scales of Early Learning 
are more sensitive to the cognitive and motor 
sequelae of TBI than screening measures. In 
addition, longitudinal studies do not show any 
signifi cant “catch up” growth over time. Rather, 
severe TBI appears to reduce the level of perfor-
mance in a given area; over time, the child con-
tinues to develop new skills, but at a slower rate. 
For example, a child performing at the 60th per-
centile prior to injury may score at the 20th per-
centile after injury and continue to develop skills 
at this level without closing the gap over time. As 
seen in the case study below, some scores may 
not stabilize and may continue to decline. 

 Changes in funding for ECI in some states 
have resulted in families being expected to share 
some of the cost of services. Unfortunately, these 
copayments can further burden a family that is 
dealing with the fi nancial ramifi cations of their 
child’s injury and hospitalization. The IDEA 
emphasizes the parent–child relationship as a 
tool for change although there is considerable 
variation among ECI programs as to how or if 
this occurs. In an informal survey of infants and 
preschoolers with moderate to severe TBI partici-
pants in our research study, only 13 % received 
direct services from ECI and 8 % received infor-
mation on how to appropriately stimulate their 
child’s development from ECI. Often parents are 
not aware that they can engage their children in 
stimulating activities that may help to improve 
their development. Most parents are not aware 
that ECI is mandated to educate parents on how 
to stimulate their child’s development. ECI is a 

valuable resource for infants and toddlers. After 
the age of 36 months, children are referred to 
their local public schools for services. The means 
by which children with TBI receives special edu-
cation services through the public school systems 
is detailed later in this chapter.  

    Case 1: Infant with Infl icted 
Brain Injury 

 Jessica sustained a severe infl icted brain injury at 
the age of 2 months. She was brought to the hos-
pital unresponsive with a Glasgow Coma Scale 
score of 3T. An MRI of the brain performed 1 
week post-injury revealed right hemisphere sub-
acute subdural hemorrhage, laminar necrosis 
with diffuse swelling, infarction involving the 
right hemisphere, and leftward shift of midline 
structures. Jessica was discharged from the hos-
pital to the care of her mother approximately 1 
month post-injury. At the time of discharge, she 
had left arm and leg weakness and a preference 
for her right visual fi eld. Jessica did not receive 
inpatient rehabilitation therapies. 

 The alleged perpetrator of the abuse was 
Jessica’s mother’s boyfriend. No charges were 
fi led against the boyfriend and Jessica was 
returned to the care of her mother who continued 
to reside with the boyfriend. Prior to and for sev-
eral months following the injury, Jessica’s mother 
was gainfully employed and had health care 
insurance which provided Jessica with physical 
therapy and speech/language therapy twice 
weekly. Jessica’s initial and 3-month post-injury 
evaluations are presented in Fig.  1 . Jessica’s 
baseline and 3-month post-injury scores are 
below average, indicating mild defi cits in cogni-
tive and motor development. However, observa-
tions of Jessica during the testing session 
suggested signifi cant neurological impairments. 
She had signifi cant left-sided weakness. Objects 
manipulated by her right rarely came to midline, 
objects were not passed through the midline, and 
her left foot was turned in and was weaker than 
her right foot when attempting to stand with sup-
port. More spontaneous motor activity was 
observed on the right side. By 1 year post-injury, 
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Jessica had mild improvement in left-sided 
strength and was able to bear weight on her left 
leg and ambulate. She was very active and readily 
babbled to communicate. As demonstrated in 
Fig.  1 , Jessica demonstrated marked growth in 
her cognitive and motor skills by 1 year post- 
injury. She was above expectancy in her cogni-
tive development and demonstrated age 
appropriate motor skills despite having pro-
nounced left-sided weakness. Although Jessica 
was clearly benefi tting from therapeutic interven-
tions, because her scores were at or above age 
expectancy, her insurance carrier declined to con-
tinue to cover physical, speech/language, and 
occupational therapies. She was also denied ser-
vices through ECI. Her mother was unable to 
afford to pay out of pocket for therapeutic ser-
vices. Soon after the 1 year post-injury mark, the 
mother left her boyfriend, lost her job, had a fall-
ing out with her family, and was evicted. She 
lived with various family members and boy-
friends for the next several years. Not only was 

Jessica no longer receiving much needed 
 therapies, there was also considerable instability 
and stress in the family environment. Her follow-
up assessment at 2 years post-injury indicated a 
marked reduction in growth in her cognitive and 
motor skills. Given the devastating nature of 
Jessica’s brain injury, it is not likely that she 
would have been able to maintain age appropriate 
cognitive and motor skills as she aged; however, 
the early loss of therapeutic interventions cou-
pled with high environmental stress may have 
undermined potential gains in her development. 
At the age of 6 years, Jessica was found to have 
below average intellectual functioning on the 
Stanford-Binet Intelligence Scale 4th Edition and 
by 8 years of age, there was a further reduction in 
the growth of intellectual development (see 
Fig.  2 ). By her last follow-up assessment at the 
age of 8 years, Jessica was in fi rst grade for the 
third time. Her mother had placed her in three 
different schools, including one accelerated 
Montessori-based program. The change in 
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schools was prompted by her mother’s desire 
to fi nd a school that could address Jessica’s 
 learning diffi culties. Jessica’s performance on 
the Woodcock-Johnson-III Tests of Achievement 
(WJ-III) is presented in Fig.  3 . Jessica’s academic 
skills relative to her age group were in the 
Borderline range, consistent with her level of 
intellectual functioning. However, relative to her 
grade level, her scores were in the Average range. 
By Jessica’s third year in fi rst grade, she was able 
to demonstrate grade appropriate skills. Jessica’s 
mom was committed to keeping her in fi rst grade 
until she “learned what she is supposed to learn.” 
Her mother believed that once Jessica mastered 
fi rst grade skills, she would be able to move for-
ward with her education without further issues. 
However, given Jessica’s cognitive impairments 
it was unlikely that she would be able to maintain 
pace with a regular education curriculum without 
signifi cant educational accommodations and sup-
ports. Jessica’s teachers were aware of her learn-
ing challenges and recommended that she be 
placed in special education services. During the 
feedback meeting, we discussed the impact of 
Jessica’s brain injury on her cognitive develop-
ment and the impact of these defi cits on the rate 
at which Jessica is able to master new academic 
skills. Her mother acknowledged that she was 
ready to accept that her daughter would have life-
long impairments and that she needed special 
education services and stability. Jessica was very 
much aware of learning diffi culties. By the age of 
8, she was questioning why she was different 
from other children and why this injury happened 
to her. Jessica and her family were referred to a 
therapist to help them begin the process of com-
ing to terms with the injury.

         TBI in School Aged Children 
and Adolescents 

 Meta-analysis of cognitive outcomes after pedi-
atric TBI [ 43 ] found that the most signifi cant 
chronic effects of moderate and severe TBI were 
evident in intellectual functioning, processing 
speed, attention, working memory, fl uency, inhi-
bition, problem solving, and delayed recall of 
newly learned verbal and visual information from 
memory. Improvement over time was greatest in 
Performance IQ, processing speed, and working 
memory [ 43 ]. In contrast, memory and learning 
did not show signifi cant improvement over time. 
Impairments have been noted on tests of verbal 
and visual learning [ 44 – 48 ] for children with 
severe TBI. The persistence of learning and 
memory diffi culties is unfortunate, since one of 
the major developmental tasks of childhood and 
adolescence involves learning the academic 
curriculum. 

 Unlike infants and preschoolers, older chil-
dren and adolescent survivors of severe TBI have 
acquired academic and other abilities prior to 
their injury, which may confer greater cognitive 
reserve. However, previously learned skills and 
abilities can appear relatively intact during the 
early stages of school re-entry following TBI, 
giving the false impression to educators and par-
ents that the ability to learn, retain, and imple-
ment new skills is intact. Academic outcome 
studies have found that school-aged children and 
adolescents with severe brain injuries scored 
lower on measures of reading, spelling, and math-
ematics than children with moderate TBI [ 49 ] 
and struggled with mastering new information 
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and skills [ 50 ]. Children with severe TBI from 
families with fewer socioeconomic assets are 
at increased risk for poorer academic perfor-
mance [ 51 ]. Catroppa and Anderson [ 52 ] found 
that premorbid academic ability (based on teach-
er’s ratings of academic skills) and verbal mem-
ory skills were signifi cantly predictive of 
academic attainment. Children with pre-injury 
intellectual or learning disabilities are extremely 
vulnerable to post-traumatic exacerbation of their 
academic diffi culties [ 45 ]. 

 Are there alterations in metacognitive pro-
cesses that underlie the post-traumatic disruption 
of diverse cognitive and academic skills? 
Metacognition is “knowing about knowing” and 
includes being able to use certain strategies for 
problem-solving and learning. Hanten and col-
leagues [ 53 – 56 ] have found that post-traumatic 
diffi culties in metacognitive abilities, such as cat-
egorization, using learning strategies, and direct-
ing learning resources to the most important 
information, contributed to poor academic per-
formance. Similarly, Barnes [ 57 ] found that chil-
dren with TBI had specifi c diffi culties making 
inferences to support their comprehension. Even 
when they understood and remembered factual 
information from a story, they were ineffi cient at 
holding different sources of relevant information 
in working memory long enough to make infer-
ences. They also had problems knowing when an 
inference was required to understand what they 
heard. These examples highlight ways in which 
specifi c diffi culties in working memory, selective 
attention, and metacognitive strategies may dis-
rupt everyday cognitive and academic perfor-
mance. Metacognitive diffi culties may represent 
fruitful targets for intervention. 

 Childhood TBI has been associated with sig-
nifi cant and persistent changes in social devel-
opment and adaptive functioning [ 58 – 62 ]. 
Children with severe TBI have been found to 
have long- term issues in developing friendships 
and social contacts, and are more likely to 
exhibit social withdrawal [ 63 ]. Certain sequelae 
of severe TBI such as cognitive and behavioral 
functioning were more marked in the context of 
higher  compared with lower levels of family 
burden or dysfunction [ 27 ,  51 ]. Studies examining 

 neuropsychiatric outcomes at least 1 year  post-
 injury have found elevated rates of emotional 
disorders, mixed emotional and cognitive disor-
ders, attention-defi cit/hyperactivity disorder 
(ADHD), major depressive disorder, and con-
duct disorders [ 64 ,  65 ]. Anxiety and mood disor-
ders are commonly identifi ed [ 65 – 71 ]. Prefrontal 
damage, as well as injury to deep gray matter 
structures such as the amygdala, places children 
with TBI at high risk for neuropsychiatric and 
behavioral diffi culties [ 68 ,  71 – 75 ]. 

 Family functioning has been found to be a 
signifi cant predictor of outcome from brain 
injury in children. In school-aged children and 
adolescents with TBI, Yeates and colleagues [ 76 ] 
found that after accounting for injury severity, 
pre-injury family environment signifi cantly pre-
dicted cognitive and behavioral outcome 1 year 
post-injury for children and adolescents with 
TBI. Taylor and colleagues [ 12 ] found that 
higher parent stress at 6 months post-injury pre-
dicted more child behavioral diffi culties at 12 
months post- injury and more child behavior 
problems at 6 months predicted worse family 
outcomes at 12 months post-injury. In essence, 
they found a bidirectional infl uence of child and 
family on outcomes following brain injury.  

    Assessment of School-Aged 
Children with TBI 

 Numerous measures are available to assess intel-
lectual, neuropsychological, behavior, academic, 
and social functioning in school-aged children 
with TBI. The Pediatric CDE Working Group 
identifi ed measures which were considered to be 
valid, robust, and widely used in clinical research 
with children with TBI [ 10 ]. Although a main-
stay of neuropsychological evaluations, compre-
hensive assessment of intellectual functioning 
may not be as useful for rehabilitation planning 
and treatment as briefer and more focused assess-
ment that can be repeated to track recovery. 
Assessment batteries should include tests that 
focus on areas that are commonly disrupted by 
TBI as well as tests of abilities that are targets of 
intervention. 
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 Assessment of children with TBI includes 
many of the same domains as assessment of 
adults with TBI: executive functioning, memory, 
attention, processing speed, and motor skills. 
Perhaps the greatest distinction between the 
assessment of children with TBI and adults with 
TBI is the need for educational planning and 
treatment for the former. Although academic 
assessment is often not covered by third party 
payers, assessing the child’s academic function-
ing is highly relevant for the child’s habilitation. 
For children, school is the primary place where 
they are taught and are expected to perform. It is 
in essence their work environment. Many insur-
ance carriers do not cover the cost of academic 
assessment because of an inappropriate expecta-
tion that the public schools are responsible for 
providing this service for the children. However, 
most school professionals do not have the back-
ground or familiarity with TBI to interpret the 
academic test fi ndings in the context of the child’s 
brain injury. Assessment of academic function-
ing should include basic word decoding, reading 
comprehension, math calculation and reasoning, 
and expressive writing skills. Given the cognitive 
and motor slowing that commonly occurs follow-
ing severe TBI, performance on measures assess-
ing academic fl uency, or the speed and effi ciency 
at which the child is able to work, are an essential 
component of any battery. Curriculum-based 
assessments are also valuable for assessing reten-
tion of academic material.  

    Return to School 

 A critical factor contributing to the identifi cation 
of students with TBI for special education is the 
link between hospital and school [ 77 ]. The major-
ity of children with severe TBI will require spe-
cial education support [ 78 ]. For children with 
moderate to severe TBI, transition from hospital 
to school is done gradually. Children in inpatient 
rehabilitation units often receive onsite teaching 
services from the local school district. Following 
discharge, interim homebound teaching which is 
provided by the child’s public school is recom-
mended for many children with severe TBI. 

Children with mild to moderate TBI vary in their 
stamina, strength, and attention and some may 
require a gradual transition to school. Re-entry to 
the school environment for most children with 
TBI, regardless of injury, is recommended to 
begin with a half-day placement with time in 
school increasing as the child’s stamina improves 
[ 79 ]. Children with mild TBI can suffer from 
physical fatigue and confusion that impact their 
return to school. Returning a child to full-day 
school too quickly can be detrimental to the 
child’s well-being. Readjustment to the school 
environment depends on the transition plan 
designed by the student’s rehabilitation or hospi-
tal team [ 80 ]. 

 Often times, the mere presence of a brain 
injury is not suffi cient to obtain special education 
services. An educational need must be demon-
strated. In a study conducted by Glang and col-
leagues [ 77 ], only 25 % of children with TBI 
were identifi ed for formal special education ser-
vices. Over 41 % received informal supports 
(e.g., schedule change, extra time on tests). Injury 
severity and hospital–school transition services 
were predictive of provision of special education 
services. Clearly, children with TBI are under 
identifi ed by school personnel and better linkages 
between medical and educational systems are 
needed. 

 Despite the high incidence of TBI in children, 
many school personnel are unfamiliar with TBI 
and this unfamiliarity with the sequelae of brain 
injury can lead to less than satisfactory educa-
tional services [ 81 ]. A comprehensive neuropsy-
chological evaluation provides information that 
can be used to help justify educational need and 
help guide the family and school personnel in 
developing appropriate accommodations and 
interventions. Including links to the websites 
with resources for educators in the neuropsycho-
logical report provides an opportunity for educa-
tors to learn more about the challenges facing 
their students with TBI. 

 There are two paths by which a student with 
TBI can receive special education services in the 
public school systems. TBI is a qualifying con-
dition for receipt of special education services 
under the IDEA, which was most recently 
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 reauthorized in 2004. Under this legislation, a 
child must be assessed in all areas related to his 
or her suspected disability. The evaluation must 
identify the child’s needs for both special educa-
tion and related services. Related services 
include speech- language pathology and audiol-
ogy services, and physical and occupational 
therapy. In addition, psychological and social 
work services may be included. Based on the 
comprehensive evaluation, an individualized 
educational plan, often referred to as an IEP, is 
developed. The IEP must address the child’s 
current level of functioning (sometimes referred 
to as performance), list annual goals, describe 
the measurement of progress to meet goals, and 
list specifi c special education services and 
accommodations. 

 The IEP is developed and written by a team 
that includes the parents or guardians, teachers, 
and other professionals at the school, most likely 
the school psychologist, speech/language thera-
pist, and physical therapist. This team is referred 
to as the Assessment, Review, and Dismissal 
(ARD) committee. The ARD committee will 
convene a meeting to develop the IEP within 30 
days of deciding that the child is eligible for spe-
cial education services. The IEP must be reviewed 
every year to insure that it is meeting the educa-
tional needs of the student although the ARD 
committee can convene as often as needed. 
Particularly during the fi rst year after TBI, the 
committee should meet periodically since 
improvement is likely to be uneven, with signifi -
cant gains in some areas and less in others. IEP 
goals will need to be adjusted depending on the 
rate of recovery or improvement [ 82 ]. In addi-
tion, we often suggest to the IEP committee that 
safeguards be put in place regarding the child’s 
safety. Children with severe TBI are vulnerable 
to manipulation and abuse by their peers. The 
school must take precautions to ensure a safe and 
supervised environment, taking into account the 
child’s right to an education in the least restrictive 
environment. 

 Some students with TBI will need a Behavior 
Intervention Plan (BIP) to address the prevention 
of maladaptive behaviors associated with the 
brain injury. The BIP should focus on positive 

behavior supports and may include parent or in 
home training. BIPs are also important for 
 students with TBI who are unable to follow the 
rules of conduct at school. Students with TBI 
may not respond to traditional contingency man-
agement protocols because of impaired self-
regulation, poor initiation, and diffi culties with 
contingency learning [ 83 ]. Positive behavior 
intervention and supports (PBIS) is an anteced-
ent-based intervention that has been demon-
strated to have some effi cacy in students with 
TBI in a series of single subject studies [ 83 – 85 ]. 
PBIS differs from traditional behavioral interven-
tion methods by focusing more on lifestyle 
changes through internal control of behavior. 
There is a focus on control of antecedents includ-
ing events that occurred earlier as well as internal 
events such as loneliness. The environment is 
adjusted to meet the needs of the student so that 
that there is a high degree of success. The inter-
vention is conducted in naturalistic settings such 
as home and school and involves the student’s 
primary caregivers. 

 Another avenue by which students receive 
educational accommodations is by Section 504. 
Often simply referred to as “504,” Section 504 is 
a federal civil rights law that prohibits discrimi-
nation against individuals with disabilities. 
Section 504 provides children with disabilities 
equal access to education and as such, they are 
allowed educational accommodations and modi-
fi cations. These accommodations and modifi ca-
tions are for the general curriculum and do not 
include additional therapeutic interventions out-
side the classroom. The 504 plan does not pro-
vide an educational program that is tailored to the 
child’s needs. For children with mild to moderate 
TBI, who are able to make adequate progress in 
the general curriculum with accommodations 
such as extended time for classroom assignments 
and tests, a 504 plan may be an acceptable option 
by which to receive accommodations in the 
schools. However, for children with moderate to 
severe TBI who have extensive cognitive and/or 
physical impairments, an IEP should be imple-
mented at the school. 

 In our experience, children with TBI are often 
erroneously classifi ed for special education 
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 services with the most common classifi cation 
being ADHD. Children with TBI may have pre-
morbid developmental disabilities such as ADHD 
that necessitated special education services [ 45 , 
 86 ]. However, comorbid TBI has a signifi cant 
impact on the child’s abilities and functioning 
and these changes need to be addressed by the 
school in order for the child to receive an appro-
priate education. To illustrate, we were contacted 
by the family of a boy who had sustained a severe 
TBI several years earlier. The family lived in a 
small community in a rural part of the state. The 
student had premorbid ADHD and had an IEP in 
place at school under the qualifying condition of 
“Other Health Impairment.” The child’s classifi -
cation to receive services was ADHD, not TBI. 
Despite having an IEP in place at school, he was 
failing most classes because he was unable to 
pass tests. In a phone conference with the school, 
it quickly became apparent that although some 
members of the committee were aware that the 
child had been in an “accident,” no school per-
sonnel were familiar with TBI and the sequelae 
from severe brain injury. In our conversation with 
the school, we ascertained that the student was 
consistently failing short answer and essay tests 
formats. An earlier evaluation of the child had 
revealed impaired performance on free recall ver-
bal memory and verbal learning measures but 
signifi cantly higher performance on recognition 
or multiple choice format tests. When the child’s 
impairments were discussed with the ARD com-
mittee, we suggested the use of recognition for-
mat for all examinations. The accommodation 
was accepted and the student’s test performance 
signifi cantly improved.  

    Case 2: Adolescent with Severe TBI 

 Ann was a 14-year-old adolescent who sustained 
a severe TBI in a motor vehicle collision. Prior to 
the TBI, Ann was an honor student who attended 
a private school. She excelled in academics and 
was a competitive gymnast. She had an extensive 
social network and was emotionally well- 
adjusted. Ann had an admission Glasgow Coma 
Scale score of 6T. A CT of the brain conducted 
on the day of admission revealed diffuse axonal 
injury, bilateral frontal lobe contusions, a right 
subdural hematoma, and an intraventricular hem-
orrhage. Upon arrival at an inpatient rehabilita-
tion unit, she was not verbal and only minimally 
responded to commands. After a 2-month stay in 
rehabilitation, she was discharged with a dense 
right-sided hemiplegia and dysarthria. Ann’s ini-
tial neuropsychological evaluation was per-
formed 1 day after discharge from inpatient 
rehabilitation, roughly 3 months post-injury. This 
evaluation allowed for documentation of Ann’s 
impairments as well as data that could be used to 
track her recovery over the next several years. 
The initial evaluation was limited to 1.5 h of test-
ing because of Ann’s fatigue and attentional 
issues. Ann was not oriented to the day, date, or 
time. She was unable to name the facility she had 
been in for the past 2 months. She struggled with 
completing activities of daily living. She needed 
help sequencing self-care activities such as show-
ering and brushing her teeth. The brief evaluation 
assessed her memory skills as well as basic aca-
demic skills. As indicated in Fig.  4 , Ann had sig-
nifi cant impairments on verbal and visual 

0

5

10

Story Memory Verbal Learning
Memory Tasks

Picture Memory

Sc
al

ed
 S

co
re

s

Case 2 Scores on Wide Range
Assessment of Memory and Language

Baseline Follow-Up

  Fig. 4    Scaled scores of 
9–11 are in the average 
range       

 

M.R. Prasad and L. Ewing-Cobbs



321

memory tasks on the Wide Range Assessment of 
Memory and Learning (WRAML). Her perfor-
mance on the Woodcock-Johnson Tests of 
Achievement-Revised [ 87 ] was well below age 
and grade expectancies. She had a left visual fi eld 
cut which greatly impaired her reading. She 
required cueing to start at the far left side of a 
sentence, following with her fi nger till she 
reached the end. She was unable to consistently 
recognize numerical operators and struggled with 
basic multiplication. When she was shown how 
to solve a math problem, she then was able to 
solve the next similar problem. Based on the 
results of this evaluation, we recommended peri-
odic neurobehavioral status examinations, 1:1 
aide at school, supervision for mobility, place-
ment in a self-contained classroom, and ongoing 
speech/language, physical, and occupational 
therapies. The school requested that an intelli-
gence test be administered to qualify Ann for 
special education services. Although we agreed 
to administer the Wechsler Intelligence Scale for 
Children-III, we indicated in the report that for 
children with moderate and severe TBI this mea-
sure in isolation does not address their unique 
cognitive issues. Often daily functioning is 
impeded after TBI by cognitive impairments, 
such as memory, that intellectual tests are not 
designed to assess. Typically children will score 
higher on some factors, such as Verbal 
Comprehension, than they can demonstrate in 
day to day functioning. Conversely, motor defi -
cits such as hemiplegia may artifi cially reduce 
scores on timed tasks.

   Ann received homebound teaching for 1 
month following her discharge from rehabilita-
tion and was then transitioned to her public 
school. Ann’s cognitive and physical impair-
ments necessitated educational accommodations 
and supports. Ann’s medical records and neuro-
psychological evaluation were presented to the 
school and an ARD meeting was convened to 
consider the documentation presented by the 
family. To receive special education services 
under the TBI classifi cation, the school required 
Ann’s physician to attest to the presence of a TBI 
as well as describe the nature of her impairments. 
Ann’s IEP contained goals for her basic academic 
development in reading, math, and written 

 language as well as goals for speech/language, 
occupational, and physical therapies provided by 
the school. 

 Transitioning to the public school was chal-
lenging in many ways for Ann. She did not know 
students from the school prior to her injury and 
she struggled with learning the layout of the 
school. We created a memory book for Ann that 
she carried with her to her classes. The book 
contained pictures of her current high school, 
pictures of her teachers and their names, her 
schedule, and a brief history of Ann (informa-
tion about herself, her family, and her injury). 
On the cover of the book was a monthly calendar 
which was very useful in helping Ann stay ori-
ented to date. Ann frequently referenced this 
book during her fi rst year at school. Ann was 
placed in self- contained special education 
classes which had students with a variety of 
developmental disabilities. The teaching format 
in the self-contained classrooms allowed for 
slower presentation of information. Ann was the 
only female student and the only student with an 
acquired brain injury in the self-contained 
classes. For the fi rst 6 months, Ann had a 1:1 aid 
throughout the school day. The aid assisted Ann 
with classroom activities such as fi nding pages 
in a textbook, completing worksheets, and tak-
ing notes. As Ann’s cognitive status improved, 
the aid’s support was gradually reduced and 
eventually eliminated by 6 months. Because of 
right-sided hemiplegia, her gait was unsteady 
and slow. She was unable to transition from class 
to class safely. After the fulltime aid was discon-
tinued, an aide was assigned to walk her to and 
from classes and she was allowed to leave classes 
10 min early in order to avoid the hallway crowds 
at period changes. An aide was called to the 
classroom to escort Ann to the restroom if 
needed. Ann struggled to learn to write with her 
right hand but she persevered with the assistance 
of her occupational therapist and eventually her 
writing was mostly legible. 

 A concern for her family was Ann’s personal 
safety at school. She was a young woman who 
was very trusting of others and could easily be 
manipulated. These issues were raised with the 
ARD committee and they agreed that Ann would 
be supervised in all group settings. Because of 
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concerns about her safety in the school cafeteria, 
Ann was allowed to eat lunch in the counselor’s 
offi ce at school, an accommodation she main-
tained throughout her time in high school. 

 Ann was re-evaluated 18 months post-injury 
and these scores are presented in Figs.  4 ,  5 ,  6 , 
and  7 , along with Ann’s baseline scores. 
Consistent with the literature, marked gains were 
noted on the Wechsler Intelligence Scale for 
Children-III Performance subtests [ 43 ]. Although 
Ann’s performance improved by at least three 
scaled points on the three Performance subtests, 
her scores remained below average. Her perfor-
mance on Wechsler Intelligence Scale for 
Children-III verbal subtests remained stable with 

a signifi cant increase in expressive vocabulary. 
Ann’s verbal and visual memory performance on 
the Wide Range Assessment of Memory and 
Language also signifi cantly improved although 
her scores remained below average. Gains were 
less  dramatic in Ann’s academic skills as assessed 
on the Woodcock-Johnson Tests of Achievement- 
Revised. Her skills remained well below average. 
These fi ndings were consistent with Ann’s 
 functional gains. By the follow-up evaluation, 
she was independent for activities of daily living 
such as bathing and dressing. She was also func-
tioning independently in the classroom but con-
tinued to need accommodations such as extended 
time for completion of tests and assignments, use 

40

60

80

100

Letter-Word
Identification

Calculation DictationSt
an

da
rd

 S
co

re
s

Subtests of the WJ-R

Case 2  Scores on the WJ-R

Baseline Follow-Up

  Fig. 5    Standard scores of 
90–109 are in the average 
range       

0
3
6
9

12

Picture
Completion

Picture
Arrangement

Subtests

Block Design

Sc
al

ed
 S

co
re

s

Case 2 Scores on Wechsler Intelligence
Scale for Children-III Performance Subtests

Baseline Follow-Up

  Fig. 6    Scaled scores of 
9–11 are in the average 
range       

0
3
6
9

12

Information Similarities
Subtests

Vocabulary

Sc
al

ed
 S

co
re

s

Case 2 Scores on Wechsler Intelligence
Scale for Children-III Verbal Subtests

Baseline Follow-Up

  Fig. 7    Scaled scores of 
9–11 are in the average 
range       

 

 

 

M.R. Prasad and L. Ewing-Cobbs



323

of a word bank for short answer tests, copies of 
the teacher’s notes, and an aide for transitioning 
between classes.

     Ann’s parents struggled with the change in 
their child’s functioning. As is common during 
the fi rst year following injury, they held on to the 
belief that it was simply a matter of time before 
she would return to “normal.” The results from 
our initial evaluation indicated below age and 
grade skills in most cognitive and academic 
areas. To help the parents understand the extent 
of their daughter’s injury, we met with the par-
ents and reviewed the various injuries sustained 
by the brain using a 3D model of the brain and 
copies of neuroimaging studies. Although the 
parents had been told of the CT/MRI fi ndings 
over the course of the Ann’s medical hospitaliza-
tion, the information was presented at time when 
they were in acute distress about the child’s 
 survival and were not able to grasp the informa-
tion. Understanding the nature of the damage 
sustained by their daughter’s brain, although very 
upsetting to the parents, helped them eventually 
come to terms with their daughter’s impairments. 
Often times, information regarding the injury 
needs to be repeated frequently with increasing 
details during the child’s recovery [ 88 ]. Education 
of parents/guardians of children with TBI is 
an essential role of the neuropsychologist. 
Neuropsychological evaluations provide a criti-
cal opportunity for the child’s strengths and 
weaknesses to be discussed in depth with the par-
ents, to provide information about the functional 
impact of these defi cits, to recommend appropri-
ate interventions, and assist with long-term 
 planning. It is important to provide parents with a 
listing of local, state, and national organizations 
for individuals with TBI. These organizations 
can provide an opportunity for parents to network 
with other families of children with TBI for sup-
port and to share information.  

    Family Environment 

 Family environment is a crucial factor affecting 
outcomes. Behavioral, cognitive, and social 
 outcomes from TBI have been found to be 

 moderated by positive and supportive family 
environments [ 28 ,  76 ,  89 ,  90 ]. At the time of the 
accident, Ann’s parents had been married for 20 
years and had three younger children. Her father 
worked in a management position and her mother 
was a homemaker. The family dynamics were 
positive and during the fi rst year post-injury, the 
focus of the family was on Ann’s recovery. The 
parents worked as a team to meet her needs at 
home as well as her various therapy appoint-
ments. Her family had the fi nancial resources to 
provide intensive therapies to improve her com-
munication skills and her motility. The family 
had an extensive support system that helped pro-
vide care for the younger children in the family as 
the parents tended to Ann’s needs. Ann’s family 
environment was almost ideal in encompassing 
positive predictors of recovery. What was not 
 evident to those of us who worked with the  family 
was the toll the injury was taking on the parents 
themselves. One year after Ann’s injury, her par-
ents separated and subsequently divorced. Both 
parents reported that the stress of Ann’s injury 
and recovery had strained their relationship. 

 Marital discord following serious illnesses 
and injuries in children is well documented in the 
literature and many of the same issues apply to 
families of children with TBI. Parental stress and 
family functioning has been found to be related 
to increased behavioral issues in children with 
TBI [ 12 ,  91 ]. In Ann’s case, she experienced sad-
ness and guilt regarding her parent’s divorce and 
worked with a therapist to process her feelings. 
When working with a child who has sustained a 
TBI, it is essential to work with the entire family 
and support system [ 92 ]. Even those in the best 
circumstances can succumb to the stress and 
 burden of a severe injury.  

    Transition to Adulthood 

 The extent of recovery for children with TBI can-
not be assessed until the impact on adult function 
can be determined [ 93 ]. Many individuals with 
severe TBI have chronic, life-long impairments 
in executive functions, attention, processing 
speed, and memory. They face signifi cant 
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 challenges as they transition from high school to 
adulthood. Many young adults with TBI fl ounder 
when the familiar structure of school and daily 
oversight by teachers and parents is withdrawn. 
When entering college or a vocational program, 
even academically able students may struggle 
with the expectations for greater independence in 
conjunction with fewer built-in supports and less 
supervision. Societal expectations of indepen-
dent living may not be readily met by survivors 
of severe TBI and often, young adults with severe 
TBI experience social diffi culties during their 
school years and as they transition to adulthood, 
they experience social isolation. In our experi-
ence with adolescents and young adults with 
TBI, the proliferation of social networking sites 
has brought both opportunities for social interac-
tion and potential for maladaptive behaviors. For 
individuals with moderate to severe TBI, 
impaired judgment and impulsivity can nega-
tively impact integration into social and work 
environments. Clearly, supports need to be 
extended well into adulthood. 

 Several retrospective studies identifi ed the 
lifelong challenges facing survivors of childhood 
TBI. Anderson and colleagues [ 94 ] conducted a 
retrospective study of 124 adult survivors of 
childhood TBI who were injured between the 
ages of 6 and 12 years. Injury severity ranged 
from mild to severe with the majority of partici-
pants having mild injury. Across the sample, par-
ticipants were less likely to complete high school 
and more likely to be unemployed, with one-third 
of the sample not working. Mental health issues 
were two times more prevalent in participants 
with TBI. Less favorable long-term outcome was 
predicted by greater injury severity, younger age 
at injury, psychological problems, and inability 
to complete high school. Cattelani [ 95 ] found 
that social maladjustment and poor quality of life 
were issues for adults who had sustained TBI in 
childhood. Telephone interviews conducted with 
individuals 21 years after they sustained TBI in 
childhood found frequent reports of psychologi-
cal and family issues as well as lower educational 
achievement and poor vocational attainment [ 96 ]. 
In all three studies, injury severity was found to 

be signifi cantly related to outcome, with greater 
injury severity associated with worse outcomes. 

 Many students with signifi cant TBI pursue 
post-secondary education. Identifying goals for 
individuals with TBI that are consistent with 
their long-term aspirations is a key factor in edu-
cational achievement [ 97 ]. Students with TBI are 
able to receive accommodations at colleges and 
universities who accept federal funding because 
these institutions must adhere to the IDEA. 
Developing a proper plan for accommodations 
and support is the fi rst step for students with 
TBI. Students with TBI often benefi t from the 
following accommodations: note taking assis-
tance, copies of the professor’s notes, extended 
time to complete examinations, access to scribes 
or computers on tests that require written 
responses, and audiobooks. Accommodations in 
college are more challenging because students 
are often expected to alert their professors to 
their need for accommodations and arrange for 
these accommodations. A strong support net-
work is essential for college students with sig-
nifi cant TBI. Students with TBI who have been 
successful in attaining their educational goals 
often draw support from peers, professors, and 
family members [ 50 ]. 

 Our client, Ann, graduated from high school 
and was on the honor roll each semester. She 
expressed a strong desire to attend a large state 
university but because of her cognitive impair-
ments, attending a 4-year college was not possi-
ble. She attended a junior college near her home, 
taking no more than two classes per semester. 
The college provided note taking assistance, 
extended time on examinations, audiotaped 
books, and modifi ed tests. Her family provided 
transportation and she worked with a tutor for all 
her classes. Ann was able to successfully com-
plete an Associate’s degree. She entered a job 
training program with the state’s rehabilitation 
commission and worked for several months at a 
state agency. With the assistance of a job coach, 
she was able to manage the demands of a clerical 
position. However since completing her degree 
several years ago, she has been unable to secure 
employment.  
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    Conclusions and Future Directions 

 In regards to the Dennis [ 8 ] model, young age at 
injury may be associated with lower brain and 
cognitive reserves. In general, young children do 
not recover as well from diffuse or multifocal 
injury to the brain, such as TBI, as they do from 
more focal brain insults [ 98 ]. TBI sustained early 
in life may disproportionately reduce cognitive 
reserve, particularly in general cognitive func-
tioning, learning, social competence, and execu-
tive control domains. Young children are very 
sensitive to environmental infl uences, such as 
family resources and parenting style, which can 
potentiate negative effects of injury or buffer the 
effects of injury and promote more positive out-
comes. Even in young children, behavioral out-
comes are infl uenced by brain injury factors; 
specifi c outcomes are related to structural neuro-
imaging measures characterizing the size and 
location of abnormalities [ 99 ]. 

 School-aged children and adolescents can be 
viewed as having broader cognitive reserve assets 
than younger children by virtue of their greater 
repertoire of pre-injury skills and abilities. Other 
pre-injury factors also exert major infl uences on 
reserve characteristics. For example, pre-injury 
learning disabilities or psychiatric disorders 
could be a marker of lower brain and cognitive 
reserve. Conversely, pre-injury placement in an 
academic honors program and strong social skills 
could represent positive reserve factors associ-
ated with more favorable cognitive and behav-
ioral outcomes. Cognitive and brain reserve can 
also be enhanced or diminished by environmental 
factors, such as level of socioeconomic advan-
tage, access to social and material supports, and 
the quality of family adaptation. Environmental 
characteristics, including parenting behaviors, 
have been related to specifi c characteristics of 
children’s brain and cognitive development 
[ 100 – 102 ]. Cognitive and behavioral outcomes 
are also signifi cantly affected by specifi c charac-
teristics of the brain injury. To illustrate, children 
with injury to the superior frontal gyrus in the 
frontal lobe [ 71 ] or to the amygdala [ 68 ] would 
be at increased risk for elevated anxiety. Elevated 

anxiety could infl uence a host of outcomes 
 ranging from social integration and competence 
to academic performance. Using a personalized 
approach, anxiety could serve as a specifi c target 
of symptom prevention and intervention efforts 
for this subgroup of patients. 

 Variables that infl uence outcomes have poten-
tial to inform targets of intervention. These tar-
gets may range from providing social and 
educational supports to children and families 
after injury, to specifi c skill-based interventions, 
to cognitive behavioral interventions to reduce 
stress and enhance problem solving. Further 
research is needed to identify factors that posi-
tively infl uence the trajectory of specifi c out-
comes. This research would inform the 
development of evidence-based interventions 
that capitalize on variables that promote change. 
Personalized approaches that tailor patient char-
acteristics, such as integrity of specifi c brain 
 networks identifi ed through neuroimaging, to 
specifi c interventions, such as attention network 
training, may also enhance recovery.     
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    Abstract  

  In this chapter, we present special considerations when evaluating the older 
adult patient with TBI. First, we discuss critical information that should be 
obtained regarding the patient’s preinjury cognitive and functional status as 
well as medical comorbidities and medications, because all of these can 
affect the neurobehavioral profi le. We then review common clinical issues 
that arise when interpreting the neuropsychological fi ndings and rendering 
a diagnostic impression. The potential impact of a previous TBI sustained 
years ago as a risk factor for Alzheimer’s disease will also be covered. 
Finally, we conclude with a discussion of potential postinjury infl uences on 
outcome, and the types of recommendations that should be considered.  

  Keywords  

  TBI   •   Head injury   •   Aging   •   Elderly   •   Dementia   •   Mild cognitive 
impairment  

      Assessment and Treatment 
of Older Adults with Traumatic 
Brain Injuries 

              Felicia     C.     Goldstein       and     Harvey     S.     Levin    

     At some point in their clinical practice, a 
 neuropsychologist with a geriatric specialization 
is likely to encounter an older adult who has sus-

tained a traumatic brain injury (TBI) and presents 
for assessment and treatment recommendations. 
Although traditionally viewed as a public health 
problem common in young persons, epidemio-
logical studies indicate that TBI is also frequent 
in older adults [ 1 ,  2 ]. A Centers for Disease 
Control and Prevention (CDC) survey of 15 
states reported an overall TBI-related hospital-
ization rate (per 100,000 population) of 155.9 for 
persons 65 years and older, 187.7 for those 75–84 
years, and 85.1 for those ≥85 years old. Another 
CDC survey [ 2 ] found that the rate of TBI 
 hospitalizations for persons ≥75 years was twice 
that of any other age group, including those 
15–24 years [ 2 ]. As noted by the investigators, 
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their fi gures likely underestimate the scope of the 
 problem since persons treated in emergency 
rooms, outpatient facilities, and those who did 
not seek medical care were excluded from these 
analyses. The above statistics, coupled with the 
projection that 72 million people in the United 
States will be 65 years and older in the year 2030 
[ 3 ], underscore the importance of neuropsychol-
ogists in the assessment and treatment of older 
adults with TBI. 

    Infl uences on Neurobehavioral 
Outcome in Older Adults with TBI 

  Preinjury mild cognitive impairment  ( MCI )  and 
dementia . Preinjury cognitive changes may be 
present in the older patient with TBI who is 
referred for a neuropsychological evaluation, 
and it is therefore important to enquire about this 
possibility. An analysis of CDC TBI Surveillance 
System data [ 1 ] found that falls were the leading 
cause of TBI in persons 65 years and older. 
Persons ≥85 years had a fall rate twice that of 
persons 65–84 years, and six times the rate of 
those 65–74 years. Risk factors for falls include 
MCI and dementia, with some studies demon-
strating an association with specifi c cognitive 
abilities involving processing speed and execu-
tive functioning [ 4 ,  5 ]. Holtzer et al. [ 4 ] found 
that lower scores on a speed/executive function 
factor that comprise Trail Making [ 6 ], Digit 
Symbol [ 7 ], and Block Design [ 7 ] were associ-
ated with a greater risk for single or recurrent 
falls. Individuals in the low scoring group were 
almost four times more likely to fall than indi-
viduals in the high scoring group (OR = 3.9, 
95 % CI = 1.5–10.1,  p  = 0.006). In contrast, a fac-
tor examining episodic [ 8 ] and semantic [ 9 ] 
memory was not related to increased risk. More 
recently, Nagamatsu et al. [ 5 ] found that persons 
≥65 years who were at-risk for falls performed 
more poorly than a nonrisk group on a virtual 
reality administered task requiring divided atten-
tion of crossing the street while talking on the 
phone. The at-risk group was signifi cantly 
slower and had more “collisions” with oncoming 
traffi c. 

 Information concerning preinjury status 
should ideally be gathered from a signifi cant 
other in order to reduce the possibility of unreli-
able estimates by the patient as a result of anosog-
nosia or memory defi cit. A number of informant 
questionnaires are available to identify MCI and 
dementia [ 6 ], and the wording can be modifi ed to 
clarify that the respondent is being asked about 
functioning prior to the injury. In our research on 
older adults with TBI [ 10 – 13 ], we used the 
Blessed Dementia Scale [ 14 ] to enquire about 
cognitive and personality changes. The Blessed 
Dementia Scale includes items evaluating 
changes in the performance of everyday activi-
ties (e.g., managing money, recalling recent 
events), habits (eating, dressing, sphincter con-
trol), and personality, interests, and drives (e.g., 
quality of social interactions, maintenance of 
hobbies, initiative). Another instrument, the 
Informant Questionnaire on Cognitive Decline in 
the Elderly (IQCODE), asks about changes over 
the last 10 years in learning and memory, orienta-
tion, fi nancial awareness, and executive skills 
[ 15 ]. The IQCODE is a reliable and validated 
instrument for the detection of MCI and demen-
tia, with translations available in multiple lan-
guages besides English, and evidence for 
cross-cultural sensitivity to impairment [ 16 ,  17 ]. 
The Concord Informant Dementia Scale (CIDS) 
[ 18 ] evaluates changes in everyday cognitive 
functioning over the previous 5 years. Many of 
the items were taken or adapted from the 
IQCODE. Domains assess memory, orientation, 
judgment and problem solving, language, 
involvement in community affairs and home and 
hobbies, and personal care. An additional rating 
form, the Functional Assessment Questionnaire 
(FAQ), evaluates independence in performing 
instrumental activities of daily living such as 
handling complicated fi nancial matters and man-
aging medications [ 19 ]. The FAQ was described 
by the Agency for Health Care Policy and 
Research as an effective means of identifying 
demented individuals, with sensitivities and 
specifi cities in the 85–90 % range [ 20 ]. 

  Medical comorbidities . It is important to obtain a 
health history in order to gauge the independent 
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effects of certain medical conditions on neurobe-
havioral outcome after TBI. In their surveillance 
study of over 17,000 hospitalized TBI patients 
≥65 years old, Coronado et al. [ 1 ] noted that 
approximately 80 % of the patients had comorbid 
medical conditions, ranging from 1 (23 %) to ≥5 
(6 %). The most frequent conditions included 
hypertension (39 %), cardiac arrhythmias (18 %), 
fl uid and electrolyte disorders (17 %), and diabe-
tes mellitus (15 %) [ 1 ]. Falls are associated with 
numerous risk factors including disorders of gait, 
balance, weakness, decreased vision, and periph-
eral neuropathy [ 21 ,  22 ]. Motor vehicle crashes, 
the second most common mechanism of TBI in 
the elderly, are associated with medical condi-
tions including stroke, heart disease, and arthritis 
as well as certain medications such as benzodiaz-
epines, nonsteroidal anti- infl ammatory drugs, 
and angiotensin-converting enzyme (ACE) inhib-
itors [ 23 ]. Helms et al. [ 24 ] analyzed the relation-
ship between chronic health conditions and 
neuropsychological test performance in 585 
elderly participants in the Canadian Study of 
Health and Aging. The Cumulative Illness Rating 
Scale (CIRS) [ 25 ] was used to determine the 
presence of 14 chronic illnesses. An increase in 
the number of conditions predicted poorer per-
formance on measures examining visuospatial 
and constructional abilities, verbal memory, 
timed visuomotor sequencing, and set shifting. 
As the investigators noted, the use of a total CIRS 
score may have masked additional relationships 
that existed between specifi c medical conditions 
and cognitive performance. 

 Certain disorders associated with subclinical 
vascular ischemic disease such as hypertension, 
diabetes, cardiac disease, and sleep apnea may 
infl uence the TBI patient’s clinical phenotype. In 
normal aging, these risk factors are associated 
with a neurobehavioral syndrome characterized 
by poorer attention, executive functioning, and 
information processing speed, as well as depres-
sion and personality changes including emotional 
lability [ 26 – 29 ]. Epidemiological studies indi-
cate that these comorbidities are common in 
older adults. In the United States, the prevalence 
of hypertension is 67 % in persons ≥60 years old 
[ 30 ]. Patients should be asked whether they have 

certain vascular comorbidities. If they respond 
affi rmatively, they should then be asked whether 
these conditions are well-controlled. The impor-
tance of adequate blood pressure control on cog-
nitive performance was demonstrated by 
Waldstein et al. [ 31 ] in a cross-sectional study of 
community residing older adults. Irrespective of 
a prior diagnosis of hypertension, persons with 
elevated BP (systolic ≥140 mmHg or diastolic 
≥90 mmHg), versus those with normotensive 
values at the time of neuropsychological testing, 
performed more poorly on measures of visual 
memory, motor speed, and visuomotor integra-
tion. Persons with both a prior diagnosis as well 
as elevated blood pressure levels were most 
 vulnerable to poor performance. 

 Medical records, if available, may be able to 
verify the presence of vascular comorbidities 
because a reliance on self-reports can be inaccu-
rate. The unreliability of self-report data is high-
lighted by fi ndings from the National Health and 
Nutrition Examination Surveys which indicate 
that between 2005 and 2006, 7 % of the US adult 
population had elevated systolic blood pressure 
readings ≥140 mmHg or diastolic blood pressure 
readings ≥90    mgHg, yet these individuals had 
not been told by any health care provider that 
they had high blood pressure. Overall, only 78 % 
of hypertensive adults were aware they had this 
condition [ 30 ]. It is important to gauge as well 
whether vascular comorbidities have been ade-
quately controlled. This can be determined by a 
review of available medical records to examine 
repeated measures such as blood pressure values. 
In persons with diabetes, the glycated hemoglo-
bin (A1C) value can provide an index of the 
extent to which blood glucose levels have been 
controlled over the past several months [ 32 ]. 

 Vitamin defi ciencies are also important to 
assess since they may adversely affect the cogni-
tive status of older persons. The prevalence of 
Vitamin B 12  defi ciency is 10–15 % in persons 
>60 years [ 33 ]. Hin et al. [ 34 ] observed a two to 
three times risk of cognitive impairment, deter-
mined via the Mini-Mental State Examination 
[ 35 ], in persons ≥75 years who had the lowest 
levels of serum B 12 . In a more recent study, 
Tangney et al. [ 36 ] found that specifi c metabo-
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lites indicative of B 12  defi ciency were associated 
with poorer performance on measures of epi-
sodic and semantic memory and perceptual 
speed in persons ≥65 years. Low levels of vita-
min D can be another source of cognitive impair-
ment in the elderly, notably on measures of 
executive functioning and processing speed [ 37 , 
 38 ]. Low vitamin D levels have also been identi-
fi ed as a risk factor for longitudinal cognitive 
decline. Llewellyn et al. [ 39 ] found that persons 
>65 years with extremely low levels of vitamin 
D exhibited a faster decline, relative to those 
with adequate levels, in their overall cognitive 
status and set shifting speed over a 6-year fol-
low-up period. 

  Medications . Medication use and potential side-
effects need to be evaluated in older adults because 
certain classes can negatively impact neurobe-
havioral outcome from TBI. Polypharmacy, i.e., 
multiple medication use, is highly prevalent in 
the elderly. Hajjar et al. [ 40 ] found that surveys of 
community-residing elderly reported that on 
average, two to nine prescription medications 
were taken daily by older adults. In a population-
based study, Kaufman et al. [ 41 ] found that dur-
ing a 1-week period, 57 % of persons 65 years 
and older took ≥5 drugs, whereas 12 % took ≥10 
drugs. Medications for pain, colds and coughs, 
and nutrition were among the most frequently 
non-prescribed medicines. 

 Medications with anticholinergic properties 
are used to treat several common age-related con-
ditions including hypertension, cardiovascular 
and pulmonary diseases, Parkinson’s disease, and 
incontinence. These medications can cause MCI, 
dementia, and delirium [ 42 ]. Moreover, some 
over the counter drugs such as antihistamines can 
have anticholinergic as well as sedating effects. 
In one study, Bottiggi et al. [ 43 ] examined the 
impact of chronic anticholinergic medication use 
in cognitively normal adults ≥60 years who 
received annual neuropsychological assessments. 
The investigators found that compared to a group 
not treated with these medications, persons tak-
ing anticholinergic medications exhibited a sig-
nifi cantly greater longitudinal slowing on Trails 
A and Trails B. Another investigation [ 44 ] found 

longitudinal declines as a function of continuous 
use of anticholinergic medications over a 6-year 
follow-up. Compared to women who had never 
taken anticholinergic drugs, women in the con-
tinuous use group were at higher risk of cognitive 
decline on measures of timed verbal fl uency (OR, 
1.5; 95 % CI, 1.1–2.0;  P  = 0.02) and overall men-
tal status (OR, 1.4; 95 % CI, 1.1–1.9;  P  = 0.02). 
Males with continuous anticholinergic use versus 
males without such use were at a higher risk for a 
decline in visual memory (OR, 1.9; 95 % CI, 
1.2–3.3;  P  = 0.01) and timed set shifting (OR, 
1.9; 95 % CI, 1.1–3.6;  P  = 0.03). 

 Rating scales exist to characterize drugs 
according to their anticholinergic properties. One 
of these, the Anticholinergic Cognitive Burden 
(ACB) Scale [ 45 ], classifi es the effects of 
 centrally acting medications according to the 
severity of their cognitive impact, ranging from 
mild, moderate, or severe. A copy of this mea-
sure, as well as the associated medication list, can 
be obtained from the following website:   http://
www.uea.ac.uk/mac/comm/media/press/2011/
June/Anticholinergics+study+drug+list    . 

 Another similar scale, the Anticholinergic 
Drug Scale [ 46 ] uses a rating system ranging 
from 0 (no known anticholinergic properties) to 3 
(markedly anticholinergic). The ADS has been 
validated against serum anticholinergic activity, 
with scores accounting for 9.5 % of the variance 
in serum activity.  

    Common Diagnostic Issues 
in Older Adults with TBI 

  Are the extent and persistence of neurobehav-
ioral defi cits reasonable given the severity of the 
TBI ? The neuropsychologist is commonly faced 
with the diagnostic dilemma of determining 
whether the performance of the older adult with 
TBI is reasonable given the severity of their 
injury and the time elapsed since their injury. 
This is an important determination from the 
standpoint of making effective recommendations 
and helping the patient and family with future 
planning. However, there have been relatively 
few studies examining the neurobehavioral 
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recovery of older persons to help with diagnostic 
issues and to estimate the time course of recov-
ery, as much of the available literature has 
focused on global indices of mortality and func-
tional outcome. At present, and consistent with 
what is known about outcome in young adults, 
the handful of studies [ 10 ,  11 ,  47 – 49 ] suggest 
that uncomplicated mild TBI (i.e., no intracranial 
fi ndings) is associated with subtle defi cits in the 
acute outcome stage, faster cognitive recovery 
than moderate injuries, and a return to normal 
cognitive functioning by 1 year. In contrast, 
patients with complicated mild TBI have out-
comes more similar to those with moderate than 
uncomplicated mild TBI.  The important caveat 
for all these studies is that they are limited to 
relatively healthy individuals screened for prein-
jury medical comorbidities, psychiatric condi-
tions, and dementia, and therefore the results 
cannot be generalized to all patients who are 
seen in clinical practice . 

 In an early study, we [ 11 ] prospectively 
recruited patients who were ≥50 years old with 
uncomplicated mild head injuries (Glasgow 
Coma Scale (GCS) [ 50 ] scores of 13–15, loss of 
consciousness <20 min, and normal neurologic 
and neuroradiologic fi ndings). Patients had sus-
tained head injuries of suffi cient intensity to pro-
duce a TBI (e.g., striking the head during a fall) 
and evidence of retrograde and/or posttraumatic 
amnesia (PTA). A second group of patients with 
moderate TBI (GCS scores 9–12, or 13–15 with 
intracranial complications) who had similar 
demographic features and injury-test intervals as 
the mild patients were included. Both groups 
received measures of attention, language, mem-
ory, and executive functioning at an average of 1 
month postinjury. We found no signifi cant differ-
ences in performance between the patients with 
mild TBI versus community residing controls on 
any cognitive measure, except for worse perfor-
mance of the patients on a timed phonemic fl u-
ency task. In contrast, the mild patients and 
controls both performed signifi cantly better than 
the moderate patients on measures of visuomotor 
processing speed and set shifting, verbal mem-
ory, confrontation naming, reasoning and hypoth-
esis generation. 

 We subsequently examined possible differ-
ences in outcome between patients with and 
without intracranial complications but compara-
ble GCS scores of 13–15 [ 10 ]. Patients were clas-
sifi ed as having either uncomplicated mild TBI 
(GCS scores of 13–15, normal neuroradiologic 
fi ndings), complicated mild TBI (GCS scores of 
13–15, abnormal neuroradiologic fi ndings), or 
moderate TBI (GCS scores of 9–12 with or with-
out abnormal neuroradiologic fi ndings). The 
uncomplicated patients with mild TBI performed 
signifi cantly better on language (naming,  fl uency) 
and executive functioning (number of categories) 
measures than patients with complicated mild 
TBI. This latter group, in turn, performed simi-
larly to patients with moderate TBI with the 
exception of faster set shifting ability. 

 Rapoport et al. [ 47 ] prospectively recruited 
patients ≥50 years old who sustained mild TBI 
(GCS score 13–15, PTA <24 h, loss of conscious-
ness/confusion ≤20 min), and moderate TBI 
(GCS 9–12, PTA <1 week, or GCS 13–15 with 
intracranial complication). After controlling for 
demographic factors and severity of medical 
comorbidities, it was found that the patients with 
TBI performed signifi cantly worse than commu-
nity controls at the 1 year assessment on mea-
sures of overall cognitive status, verbal memory, 
timed letter fl uency, visuomotor speed, and 
expressive language (naming). Post hoc compari-
sons demonstrated that these cognitive differ-
ences occurred between patients with moderate 
TBI and the controls, but not between mild TBI 
patients and the controls. In a follow-up study, 
Rapoport et al. [ 48 ] investigated the 2-year cog-
nitive outcome of the same cohort of older TBI 
adults, and the investigators did not fi nd any sig-
nifi cant differences in cognitive performance 
between the two groups. 

 Extrapolating from these fi ndings, the neuro-
psychologist evaluating a relatively healthy older 
person who has been screened for preinjury cog-
nitive impairment should expect mild TBI 
patients to exhibit a good outcome in the fi rst 
year, unless their injury was complicated by 
intracranial pathology on acute imaging or neces-
sitated urgent surgery. Those with moderate TBI 
should be performing within normal limits in 
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most domains by about 2 years postinjury. The 
cognitive outcome and recovery of patients with 
severe TBI (GCS scores of 3–8) has not been 
explored, but would be predicted to be less favor-
able based on what is known about their poor 
functional outcome. In two prospective series 
[ 51 ,  52 ], only 8–15 % of patients ≥56 years old 
with severe TBI, defi ned by GCS scores ≤8, 
exhibited a Good Recovery (resumption of nor-
mal activities with possible minor defi cits) or 
Moderate Disability (disabled but independent in 
daily activities) at 6 months postinjury. 

  Is the cognitive pattern consistent with TBI or 
a neurodegenerative disorder such as Alzheimer’s 
disease ? The differential diagnosis of cognitive 
impairments due to TBI versus Alzheimer’s dis-
ease (AD) is clinically challenging. Questions 
posed to informants about whether the patient 
exhibited preinjury cognitive changes may be 
diffi cult to accurately recollect or may be biased 
by the injury itself. Intracranial bleeds from TBI 
in some older adults can slowly evolve, and 
therefore informants may describe an insidious 
onset and progressive course of cognitive changes 
more characteristic of AD. In other cases, the 
patient’s pre-existing subtle cognitive defi cits 
may be unmasked by the injury, and informants 
will attribute defi cits to the TBI. 

 In a study to identify neuropsychological fea-
tures that distinguish AD versus TBI, we [ 13 ] 
compared the cognitive profi les of older adults 
who sustained mild and moderate TBI or were 
diagnosed with probable AD. The groups were 
similar in demographics and overall cognitive 
status on the MMSE. Patients with TBI were 
screened for preexisting dementia and were 
recruited during their initial hospitalization or 
shortly after discharge while in an early stage of 
recovery. Both groups received the shortened 
form of the California Verbal Learning Test [ 53 ] 
requiring them to recall nine words over four tri-
als, and then retain these words over time. Both 
patient groups demonstrated impaired recall of a 
word list relative to normal controls. However, 
those with AD also displayed poorer recall than 
patients with TBI. Whereas the patients with 
TBI and normal controls exhibited a nearly equal 
distribution of recall from the primacy, middle, 
and recency positions, the patients with AD 

recalled a signifi cantly higher proportion of 
words from the end of the list. This latter fi nding 
could refl ect more rapid forgetting of the earlier 
items in AD. Performance on letter and category 
fl uency tasks also differentiated the patient 
groups. Patients with AD, in contrast to those 
with TBI or normal controls, did not show a nor-
mal facilitation in generating words belonging to 
categories compared with words beginning with 
specifi c letters. 

 Breed et al. [ 54 ] compared the cognitive pro-
fi les of patients with TBI and AD. Their patients 
with TBI were older than 55 years at the time 
of the study, they had been injured an average of 
15.8 years previously, and determination of sever-
ity of injury was based on self-report information 
concerning length of loss of  consciousness and 
PTA. The investigators replicated our fi ndings 
of poorer timed letter fl uency and memory func-
tioning in the AD group. The patients with AD 
exhibited signifi cantly lower percent retention 
scores for both verbal and visual material relative 
to TBI and normal controls, whereas the latter 
groups did not signifi cantly differ from each other. 
This suggests that rapid forgetting is more char-
acteristic of AD versus TBI. 

 What if the patient exhibits a delayed or a pro-
gressive deterioration in their neurobehavioral 
status?
    (a)     Neurosurgical complications . Signifi cant 

others may describe a gradual worsening in 
the patient’s cognitive and functional status, 
despite the older adult initially exhibiting 
either minimal sequelae from their TBI or 
demonstrating improvement over time. In 
other cases, the patient may have experi-
enced a fall or other accident with no associ-
ated external head trauma, loss of 
consciousness, or confusion. In these sce-
narios, the neuropsychologist should be alert 
to the possibility that the patient has devel-
oped a neurosurgical complication requiring 
immediate workup and treatment. Intracranial 
bleeds, including subdural hematoma (SDH), 
are more common in older adults due to age- 
associated brain atrophy that causes stretch-
ing of the bridging veins and shearing effects 
from the trauma. In addition, because the 
subdural spaces enlarge with age, the older 

F.C. Goldstein and H.S. Levin



337

adult with a SDH can be asymptomatic for a 
long time, as a relatively large amount of 
fl uid can accumulate before causing cerebral 
mass effect [ 55 ,  56 ]. Treatment with antico-
agulant and antiplatelet medications such as 
warfarin is also a risk factor for SDH [ 57 –
 59 ]. The result is that older adults may not 
exhibit obvious changes in their neurobehav-
ioral functioning until weeks or months after 
their injury, and they may be incorrectly 
diagnosed as exhibiting a neurodegenerative 
syndrome such as Alzheimer’s disease. 

 Hydrocephalus is another condition that 
may account for delayed or worsening symp-
toms in some patients. Risk factors for post-
traumatic hydrocephalus (PTH) include 
greater severity of injury and older age [ 60 ]. 
PTH can present clinically as the classic triad 
of normal pressure hydrocephalus, character-
ized by a Parkinsonian like gait disorder, uri-
nary incontinence, and frontal subcortical 
cognitive changes of psychomotor slowing, 
impaired attention, and executive and visuo-
spatial dysfunction. Personality changes of 
apathy, irritability, and lack of initiative may 
be mistakenly attributed to depression [ 61 ].   

   (b)    Other factors that may contribute to a lack of 
clinically signifi cant improvement. 

 Depression is a secondary condition that 
can adversely impact the neuropsychological 
profi le of older persons with TBI and their 
long-term functional outcome. In our studies 
of mild and moderate TBI in persons 50 
years and older, we observed that almost 
20 % of patients who were not initially 
depressed at 1 month postinjury endorsed 
symptoms of new onset depression at 7 
months postinjury. Increased depression was 
associated with a greater decline in social 
functioning and activities of daily living [ 62 ]. 
In another study [ 63 ], relatives of the patients 
noted a worsening at 1 year compared to 1 
month postinjury in the patients’ mood such 
as self-reports of hopelessness, worthless-
ness, and pessimism concerning the future. 
Rapoport et al. [ 47 ] found major depres-
sion to be present in 11/69 (16 %) mildly–
moderately injured older adult patients 
within 2 months postinjury and 6/49 (12 %) 

at 1 year. Minor depression was observed in 
15/69 (22 %) at baseline and 9/49 (19 %) at 1 
year. In contrast to the fi gures for TBI, both 
minor depression and major depression were 
found in <4 % of a comparison group of 
community residing controls. 

 Late life depression, defi ned as onset ≥60 
years, is associated with impaired perfor-
mance in cognitive domains involving epi-
sodic and semantic memory, executive 
functioning, and processing speed [ 64 – 68 ]. 
Hermann et al. [ 66 ] conducted a  meta- analysis 
of published studies comparing cognitive 
defi cits in late onset depression (LOD) versus 
early onset depression. Although the number 
of available studies meeting inclusion criteria 
was small ( n  = 10), the investigators found 
that executive functioning (working memory, 
selective attention, cognitive fl exibility, set 
shifting, and planning/problem-solving) and 
motor and information processing speed 
(timed visuomotor sequencing) were consis-
tently more affected in the LOD group. In 
contrast, both groups exhibited comparable 
defi cits in episodic and semantic memory. In 
the general elderly population, those with 
LOD have been found to have evidence of 
greater white matter disease in frontal and 
subcortical regions, suggesting that disrup-
tion of fronto-striatal circuits is one underly-
ing mechanism for the cognitive profi le [ 69 ].     

 The implications of the above for the neuro-
psychological performance of older adults with 
TBI is that cognitive defi cits in domains includ-
ing memory, executive functioning, and process-
ing speed may be more pronounced when 
depression is a comorbid condition. Yet, the 
detection of a mood disturbance in older adults 
with TBI can be clinically challenging, making it 
diffi cult at times to determine whether this is 
affecting the patient’s performance. Some factors 
that complicate the detection of depression 
include the fi nding that elderly persons in general 
are less likely than younger persons to endorse 
affective symptoms (e.g., feeling sad) [ 70 ]. 
Therefore, negative answers to these types of 
symptoms may inadvertently lead the clinician to 
assume that depression is not present. In those 
with TBI, the detection of depression is further 

Assessment and Treatment of Older Adults with Traumatic Brain Injuries



338

complicated by the diffi culty in distinguishing 
symptoms such as apathy and decreased social 
interaction from behaviors caused by the brain 
injury (e.g., “frontal lobe” syndrome). Medical 
conditions such as changes in sleep and appetite, 
weight loss, and diffi culty concentrating may 
also be misattributed to depression [ 71 ]. 

 To facilitate clinical diagnosis, it is recom-
mended that the neuropsychologist attempt to 
determine the reason for each symptom endorsed 
by the patient. For example, is the patient not 
engaging in social activities due to physical 
restrictions or to a lack of interest? Moreover, 
given the fi ndings that depression can worsen 
over time in older persons with TBI, it may be 
useful to examine the time course of cognitive 
symptoms, with a worsening perhaps pointing 
to the contribution of an underlying mood dis-
turbance. Finally, information from collateral 
sources including signifi cant others may help to 
better gauge the likelihood that depression is 
present. In their review of the literature on major 
depression following moderate and severe TBI, 
Seel et al. [ 71 ] recommend the Patient Health 
Questionnaire (PHQ-9) as being especially sen-
sitive and specifi c in the TBI population. The 
PHQ-9 contains items based on DSM-IV crite-
ria for major depression. The respondent is 
asked how often they have been bothered by 
problems in the last 2 weeks such as lack of 
pleasure, feeling down/depressed/hopeless, and 
feeling tired/having little energy. There is also 
an item assessing suicidal ideation. Answers 
can range from Not at All, Several Days, More 
than Half the Days, and Every Day. The instru-
ment is nonproprietary and available online 
(  http://www.phqscreeners.com    ). Translated ver-
sions in languages including Spanish are avail-
able online as well.  

    Associations Between TBI and 
Alzheimer’s Disease in Older Adults 

 Thus far we have focused on the neurobehavioral 
effects of TBI sustained in late life. However, 
there may be occasions when the neuropsycholo-
gist is asked to evaluate an elderly patient who is 

exhibiting new onset cognitive impairment, and 
the neuropsychologist learns during the interview 
that the patient has a past history of TBI. Is this 
history relevant to their current performance? 
TBI sustained in the younger years as a risk fac-
tor for late life cognitive decline, and specifi cally 
Alzheimer’s disease, has been debated for many 
years, beginning with the intriguing fi ndings of 
Roberts et al. [ 72 ] of beta amyloid deposition in 
the brains of 6/16 (38 %) patients who sustained 
severe TBI and died within 6–18 days postinjury. 
The investigators argued that since some of these 
patients were as young as 10 years, it was unlikely 
that the neuropathological features of AD pre- 
existed. These exciting results sparked tremen-
dous interest which continues today in the 
relation between TBI and AD. 

 In 2010, the National Institutes of Health 
(NIH) held a State-of-the Science Conference 
titled, “Preventing Alzheimer’s Disease and 
Cognitive Decline” [ 73 ]. Prior to this meeting, a 
panel of experts conducted an evidence-based 
review of the literature on a myriad of risk factors 
including TBI. The fi ndings of the NIH may be 
downloaded at the following website:   http://con-
sensus.nih.gov/2010/alz.htm    . The NIH panel con-
cluded that that there is evidence that the risk of 
AD is strongest in males and that there is a dose–
response relationship between severity of TBI and 
risk of AD. The panel fi rst reviewed the fi ndings 
of a meta-analysis by Fleminger et al. [ 74 ] which 
included 15 case–control studies involving 2,653 
subjects, 164 with exposure to TBI and 2,489 
without a reported history of TBI. Some inclusion 
criteria for studies in this meta- analysis required 
that the defi nition of TBI entailed loss of con-
sciousness, the TBI occurred prior to onset of AD, 
and that accepted published guidelines were used 
for diagnosing AD. It was found that TBI con-
ferred an increased risk of AD in males (OR = 2.29, 
95 % CI = 1.47–3.58) but not in females 
(OR = 0.91, CI = 0.56–1.47). The NIH panel sub-
sequently examined three cohort studies on TBI 
as a risk factor for AD, with one of the studies 
[ 75 ] fi nding a positive association (OR = 2.01, 
95 % CI = 1.03–3.91). In addition, the increased 
risk of AD was confi ned to those with moderate 
(OR = 2.32, 95 % CI = 1.04–5.17) and severe TBI 
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(OR = 4.51, 95 % CI = 1.77–11.47) but not mild 
TBI (OR = 0.76, 95 % CI = 0.76, 95 % CI = 0.18–
3.29). As the panel noted, this latter investigation 
comprised males only (veterans from WWII). In 
addition, the ascertainment of TBI may have been 
more reliable since it was based on a review of 
military records from the 1940s versus a reliance 
on self-report in the other two studies. 

 Additional investigations have examined 
whether the Apolipoprotein (APOE) ε4 allele, a 
risk factor for AD, is associated with outcome 
from TBI. Studies of the association of the ε4 
allele with initial severity of TBI and quality of 
outcome of TBI were reviewed in a meta- analysis 
by Zhou et al. [ 76 ]. Based on a review of 14 
cohort studies including 2,527 TBI patients rang-
ing in severity from mild to severe TBI (736 with 
APOE ε4 and 1,791 without APOE ε4), there 
was evidence for an association between the 
presence of APOE ε4 and a worse global out-
come at 6 months postinjury as measured by the 
GOS or the GOS-E.  

    Recommendations 

 This chapter has presented special considerations 
when evaluating older adults who sustain TBI. 
While not applicable to every geriatric patient 
with TBI who is seen for a neuropsychological 
exam, the following recommendations may be 
useful:
    1.     Prevent future falls : Epidemiological evidence 

reviewed in this chapter indicates that falls are 
the most common cause of TBI in older per-
sons. As a result of this high risk, the CDC has 
implemented an initiative focused on prevent-
ing fall-related TBI [ 77 ]. The CDC website 
(  www.cdc.gov    ) has several topics dealing with 
risk factors for falls in the elderly. One site 
(  www.cdc.gov/HomeandRecreationalSafety/
Falls/adultfalls.html    ) lists strategies for reduc-
ing falls such as environmental modifi cations 
in the home. The neuropsychologist might 
recommend that an occupational therapist 
visit the patient’s home to assess whether there 
is safety equipment such as grab bars in the 
shower and stair railings, adequate lighting, 
and lack of clutter.   

   2.     Treat medical comorbidities . Certain medical 
conditions which are risk factors for cognitive 
decline need to be adequately treated. There is 
evidence, for example, that diabetes mellitus 
is associated with cognitive decline and 
Alzheimer’s disease. Lu et al. [ 78 ], in their 
review of prospective population-based 
 studies, found a consistent relationship 
between diabetes mellitus and a faster decline 
on measures of executive function, as well as 
a strong association with incident Alzheimer’s 
disease. Based on a review of additional stud-
ies, the NIH panel [ 74 ] also concluded that 
diabetes was a risk factor for AD. Patients 
should be encouraged to routinely monitor 
medical conditions. Several relatively inex-
pensive devices for measuring vascular 
comorbidities such as hypertension and blood 
glucose control are available for purchase.   

   3.     Reduce polypharmacy : It is not uncommon 
for elderly persons to have several medical 
specialists. Consequently, the older adult with 
TBI may be taking a myriad of pharmacologic 
agents that have adverse interactions with 
other medications. Sedating drugs such as 
pain relievers or those with anticholinergic 
properties such as those used for urinary 
urgency can interfere with cognitive function-
ing. Therefore, the older adult should be 
encouraged to have a primary clinician review 
their medications and determine whether 
some can be safely eliminated, in consultation 
with the prescribing physicians.   

   4.     Treat depression . Studies reviewed in this 
chapter indicate that depression is a frequent 
secondary condition and may intensify over 
time in older persons with TBI. Treatment is 
especially important because cognitive per-
formance can improve after treatment of late- 
life depression [ 79 ]. Butters et al. examined 
the pre and post-treatment performance on the 
Mattis Dementia Rating Scale [ 80 ] of geriatric 
patients who were successfully treated with 
anti-depressant medication for late-onset 
major depression. The investigators found that 
those individuals who had some degree of 
cognitive impairment before treatment 
showed signifi cant improvements after treat-
ment on the Initiation/Perseveration and 
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Conceptual subscales, both tapping executive 
functioning. While treatment of depression 
may not restore cognitive symptoms to their 
preinjury status in older adults with TBI, even 
small gains could be functionally meaningful 
and also improve quality of life.   

   5.     Encourage physical exercise and cognitive 
stimulation . There is increasing evidence that 
physical exercise as well as mentally chal-
lenging activities have a benefi cial effect in 
reducing the risk for cognitive decline and 
AD in community residing elderly persons. 
The NIH panel on Preventing Alzheimer’s 
Disease and Cognitive Decline [ 74 ] con-
cluded that cognitive engagement and high 
levels of physical activity were neuroprotec-
tive. There is empirical support for an effect 
of exercise in reducing neuroinfl ammation, 
promoting hippocampal neurogenesis, and 
improving memory performance in animal 
models of acquired brain injury [ 81 ,  82 ]. 
Compelling evidence, the extensive evidence 
in older adults for a benefi cial effect of physi-
cal exercise on promoting cardiovascular 
health, mood, and quality of life is indisput-
able, and as such, this is a recommendation 
that should be encouraged during feedback 
with the patient and family. The American 
Heart Association (  www.heart.org    ) recom-
mends 150 min of moderate activity or 
75 min of vigorous activity a week. Sessions 
can be divided into smaller durations and 
spread out over several days.   

   6.     External memory aids . For older adults who 
have executive functioning and memory diffi -
culties after TBI, it should be recommended 
that a caregiver monitor their safety (e.g., is 
the patient in danger of leaving on the stove) 
and other instrumental activities of daily liv-
ing such as their ability to correctly take their 
medications. Patients may benefi t from exter-
nal aids such as a pillbox with an alarm and 
automatic dispensing capabilities. They may 
also benefi t from using notebooks and orga-
nizers. A timing system, such as a watch with 
an alarm (  www.cadexwatch.com    ), can help to 
prevent forgetfulness with appointments, 
medications, and other activities, thereby 

reducing the stress on caregivers and allowing 
the patient with TBI to achieve independence. 
Ideas of other strategies to facilitate cognitive 
functioning are described in chapter 
“Rehabilitation of Memory Problems 
Associated with Traumatic Brain Injury”.         
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    Abstract  

  There is nothing in the fi eld of neuropsychology that is more divisive than 
the topic of mild traumatic brain injury (MTBI). While most will agree 
that an MTBI can be defi ned in its most basic terms as a traumatically 
induced alteration in mental status resulting from a physiological disrup-
tion of the brain, there is little consensus in the fi eld about the natural 
course of recovery and whether persisting symptoms of MTBI are attrib-
uted to continuing effects of brain dysfunction, a result of a psychological 
reaction to injury, or an attempt to obtain a secondary gain through litiga-
tion or some other mechanism. Furthermore, the controversy surrounding 
MTBI has been heightened over the past decade through media accounts 
of brain injuries sustained by athletes and those serving in the military, 
providing the public with views that differ from what is present in the 
professional literature. The positive result of this exposure has been to 
increase public awareness about MTBI, which has provided investigators 
in the fi eld the resources to perform a number of controlled investigations 
on athlete and military samples. The aim of this chapter is to provide a 
concise review on the research literature on MTBI in addition to a simple 
evidence-based approach to neuropsychological assessment and interven-
tion, informed primarily by fi ndings from studies on sports-related 
injuries.  
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basic terms as a traumatically induced alteration 
in mental status resulting from a physiological 
disruption of the brain, there is little consensus in 
the fi eld about the natural course of recovery and 
whether persisting symptoms of MTBI are attrib-
uted to continuing effects of brain dysfunction, a 
result of a psychological reaction to injury, or an 
attempt to obtain a secondary gain through litiga-
tion or some other mechanism. Furthermore, the 
controversy surrounding MTBI has been height-
ened over the past decade through media accounts 
of brain injuries sustained by athletes and those 
serving in the military, providing the public with 
views that differ from what is present in the pro-
fessional literature. The positive result of this 
exposure has been to increase public awareness 
about MTBI, which has provided investigators in 
the fi eld the resources to perform a number of 
controlled investigations on athlete and military 
samples. The aim of this chapter is to provide a 
concise review on the research literature on 
MTBI in addition to a simple evidence-based 
approach to neuropsychological assessment and 
intervention, informed primarily by fi ndings 
from studies on sports-related injuries. 

    Challenges in the Defi nition of MTBI 

 According to data provided by the Centers for 
Disease Control (CDC), approximately 80 % of 
the 1.7 million traumatic brain injuries sustained 
yearly in the United States are mild in nature 
[ 20 ]. However, the most commonly reported sta-
tistics, utilizing data obtained based on emer-
gency department visits, hospitalizations, and 
death, are likely to provide an underestimate of 
the total number of MTBIs, given the fact that 
many individuals sustaining this level of injury 
do not seek hospital-based evaluation or treat-
ment [ 40 ]. It remains unclear how many individ-
uals experiencing an MTBI are evaluated through 
outpatient medical offi ces and it would be next to 
impossible to determine how many individuals 
with this injury never report it to health profes-
sionals. Therefore, our understanding of the epi-
demiology of MTBI remains limited as a result of 
what McCrea [ 40 ] labels the “denominator prob-

lem,” meaning that we cannot fully assess the 
scope and severity of the MTBI problem without 
knowing the total number of individuals who 
actually experience this type of injury. 

 Our ability to understand and monitor MTBI 
is limited further by a lack of clarity regarding its 
defi nition and its relation to the term “concus-
sion.” While some feel that there is no level of 
brain injury that should be considered “mild,” the 
term MTBI is necessary as a label to distinguish 
this level of injury from “moderate” and “severe” 
levels of traumatic brain injury, both of which 
differ signifi cantly from MTBI in their course 
and long-term prognosis. With regard to the term 
concussion, most will agree that it is not entirely 
synonymous with the term MTBI. By defi nition, 
all concussions are MTBIs. However, it is clear 
that not all MTBIs are concussions, particularly 
when one considers those rare cases where brain 
abnormalities, such as intracranial bleeds, are 
visualized on neuroimaging. Historically, the 
term concussion had been applied mostly in a 
medical setting, whereas the MTBI emerged 
from more of a research context [ 32 ]. However, 
in recent years, the convention has shifted toward 
using MTBI on a wider basis, except in the con-
text of sports, where the use of concussion is pre-
ferred, refl ecting the more limited scope of injury 
encountered in that setting. The term MTBI will 
be used for most of this chapter, in an effort to 
distinguish its contents from those chapters in 
this volume discussing other types of traumatic 
brain injury. 

 There have been a number of attempts to for-
mally defi ne MTBI through criteria developed by 
consensus panels or through professional organi-
zations. The American Congress of Rehabilitation 
Medicine [ 1 ] defi nition has been the one most 
commonly used in the fi eld of neuropsychology. 
In the ACRM defi nition, MTBI is characterized 
as “a traumatically induced physiological disrup-
tion of brain function” that results in a loss of 
consciousness (LOC), memory loss, or any 
 alteration in mental status at the time of the 
 accident (e.g., feeling dazed or confused). This 
defi nition emphasizes specifi c characteristics of 
the acute injury, including loss of consciousness 
(LOC < 30 min) and post-traumatic amnesia 
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(PTA < 24 h) in addition to providing clinicians 
with classifi cation criteria based on scores from 
the Glasgow Coma Scale (GCS) [ 69 ]. A GCS 
score ranging from 13 to 15 is used to distinguish 
MTBI from more serious levels of “moderate” 
and “severe” brain injury. The ACRM criteria 
extend the scope of MTBI to include focal 
defi cits elicited on neurological exam in addition 
to non-operative brain lesions observed on struc-
tural neuroimaging. 

 In recent years, the fi eld has begun to move 
away from defi ning MTBI in terms of acute 
injury characteristics. While, at one time, the 
public and many professionals held the erroneous 
belief that LOC was a necessary component for a 
diagnosis of traumatic brain injury, the results of 
controlled investigations have demonstrated that 
LOC occurs in less than 10 % of the subjects with 
an MTBI diagnosis, while no signs of LOC or 
PTA are seen in over 70 % [ 28 ]. This has led, by 
default, to more of an emphasis on establishing, 
in more empirical terms, what constitutes an 
alteration in mental status. In 1997, a Practice 
Parameter from the American Academy of 
Neurology (AAN) defi ned concussion as a 
“trauma induced alteration in mental status that 
may or may not involve loss of consciousness” 
[ 31 ]. In a more recently published position state-
ment, traumatic brain injury is defi ned in more 
general terms as “an alteration in brain function, 
or other evidence of brain pathology, caused by 
an external force,” with further guidelines offered 
to defi ne the evidence supporting a diagnosis of 
MTBI [ 45 ]. While most clinicians will agree that 
dizziness and confusion would represent symp-
toms of an MTBI in the setting of a head injury, 
the challenge lies in defi ning the lower limits of 
injury, when no such symptoms are directly 
observed or reported. Conversely, there remain 
challenges in defi ning the upper end of what con-
stitutes a more severe level of MTBI, which 
would essentially differentiate it from a moderate 
level of traumatic brain injury, as in the case 
where a small intracranial bleed is visualized on 
CT imaging. 

 For clinical purposes, many neuropsycholo-
gists are now using the more detailed injury 
defi nitions provided in the sports concussion 

literature. While over the past 15 years there 
has been a plethora of defi nitions and grading 
scales developed for use in a sports setting, 
there has been some movement toward use of 
the evolving set of defi nitions included consen-
sus statements developed through a series of 
International Conferences on Concussion in 
Sport [ 45 ]. The defi nition emanating from the 
most recent conference, held in Zurich in 2012, 
is provided in Table  1 . In this defi nition, 
 concussion is defi ned as “a complex pathophys-
iological process affecting the brain, induced 
by biomechanical forces” and extends to a brief 
description of possible causes and effects in 
addition to the expected course of recovery. In 
conjunction with a number of assessment tools 
outlined in the consensus statement, the criteria 
specifi ed in this defi nition can be used in a 
model emphasizing a more empirical and 
 multidimensional approach to documenting the 
signs and symptoms of injury.

   Table 1    Defi nition of concussion—consensus statement 
on concussion in sport: the third international conference 
on concussion in sport held in Zurich, November 2012   

 Concussion is a brain injury and is defi ned as a complex 
pathophysiological process affecting the brain, induced 
by traumatic biomechanical forces. Several common 
features that incorporate clinical, pathological and 
biomechanical injury constructs that may be utilized in 
defi ning the nature of a concussive head injury include: 
 1.  Concussion may be caused either by a direct blow to 

the head, face, neck or elsewhere on the body with an 
“impulsive” force transmitted to the head 

 2.  Please provide ‘Abstract’ for this chapter.Concussion 
typically results in the rapid onset of short-lived 
impairment of neurological function that resolves 
spontaneously. However, in some cases, symptoms 
and signs may evolve over a number of minutes to 
hours 

 3.  Concussion may result in neuropathological changes, 
but the acute clinical symptoms largely refl ect a 
functional disturbance rather than a structural injury 
and, as such, no abnormality is seen on standard 
structural neuroimaging studies 

 4.  Concussion results in a graded set of clinical 
symptoms that may or may not involve loss of 
consciousness. Resolution of the clinical and 
cognitive symptoms typically follows a sequential 
course. However, it is important to note that, in some 
cases, symptoms may be prolonged 

  With permission by McCroryet al. [ 46 ]  
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       Pathophysiology and Natural 
Course of Recovery from MTBI 

 The scientifi c literature on MTBI supports a 
functional rather than a structural etiology [ 45 ]. 
The model commonly used to understand the 
neurophysiological basis of MTBI, developed on 
the basis of animal models, is conceptualized as a 
multilayered neurometabolic cascade, involving 
a complex of interwoven cellular and vascular 
changes that occur following trauma to the brain 
[ 22 ]. According to this model, the pathophysiol-
ogy of MTBI represents a temporary disruption 
of brain function secondary to ionic fl uxes, 
abnormal energy transmission, diminished cere-
bral blood fl ow, and impaired neurotransmission 
rather than any readily identifi able form of struc-
tural brain damage. According to most accounts 
the neurophysiological changes associated with 
the acute stage of MTBI clear within a period of 
7–10 days [ 41 ,  44 ]. 

 Results from research on humans with MTBI 
have demonstrated a rather remarkable corre-
spondence to the fi ndings reported from animal 
studies. The evidence obtained through con-
trolled investigations, using primarily athlete 
samples, have demonstrated a gradual resolution 
of symptoms, including headache, dizziness, and 
cognitive disturbance, within a period of 1–7 days 
(see Fig.  1 ). Findings from these and other stud-
ies led several panels, including the World Health 
Organization (WHO) Collaborating Centre Task 
Force on Mild Traumatic Brain Injury, to con-

clude that symptoms of MTBI are generally 
 temporary and self-limiting in nature, with reso-
lution observed within days to weeks post-injury 
in an overwhelming majority of cases [ 15 ].

   From a structural standpoint, it appears that 
most of the injuries classifi ed as MTBI are asso-
ciated with, at most, low levels of axonal stretch-
ing, resulting in the temporary neurophysiological 
changes described above [ 22 ]. There is now 
accumulating evidence, obtained from studies 
using advanced neuroimaging (e.g., fMRI, 
nuclear magnetic resonance (NMR) spectros-
copy, and diffusion tensor imaging (DTI)) and 
electrophysiological (e.g., quantitative EEG and 
evoked potentials) techniques indicating that 
signs of this non-permanent form of traumatic 
axonal injury can be detected in some subjects 
for up to 30–40 days following injury [ 19 ,  38 , 
 73 ]. From a clinical standpoint, this might repre-
sent a period where the brain is more vulnerable 
to re-injury or effects of fatigue with suggestions 
that the brain might also require recruitment of 
additional neuronal resources to achieve its typi-
cal level of functioning [ 43 ]. From a clinical 
standpoint, this might represent the underlying 
cause for what many patients report as diffi cul-
ties with resuming their pre-injury level of activ-
ity. However, it should be emphasized that this 
stage of recovery is temporary with no empirical 
evidence of any pathophysiological abnormali-
ties persisting for more than a several week 
period. Contrary to what some believe, there is 
little evidence supporting the existence of any 

  Fig. 1    Pattern of natural 
recovery from concussion 
in 635 concussed high 
school and college athletes. 
With permission from 
McCrea et al. [ 43 ]       
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more serious form of diffuse axonal injury (DAI) 
resulting from a typical MTBI [ 3 ]. 

 Patients reporting symptoms of MTBI extend-
ing for more than several weeks post-injury are 
often classifi ed as having post-concussion syn-
drome (PCS). The exact number of patients 
reporting PCS remains controversial. While some 
argue for the existence of a “miserable minority” 
consisting of approximately 15 % of MTBI 
 victims [ 3 ,  57 ], the results of most prospective 
studies and meta-analyses indicate that the num-
ber is more likely to be closer to 3 % [ 63 ]. There 
is no scientifi c evidence supporting claims that 
PCS symptoms are the results of direct physio-
logic effects of brain injury. The conclusion from 
the WHO task force was that symptoms extend-
ing beyond the typical recovery of several days to 
weeks are attributable to a number of “non-
injury” factors such as depression, PTSD, chronic 
pain, life stress, or secondary gain [ 15 ]. There has 
been recent interest in identifying a number of 
psychological factors (e.g., misattribution, nocebo 
effect, “good-old- days” phenomena) underlying 
the tendency to report persisting symptoms 
 following MTBI [ 27 ,  51 ]. 

 Additional controversy surrounding MTBI 
has developed following reports of symptoms 
and neuropathological changes associated with 
dementia appearing in a small number of ath-
letes exposed to repetitive head injury while 
participating in contact sports including foot-
ball, boxing, and ice hockey [ 49 ]. While an 

association between more severe forms of TBI 
and the occurrence of Alzheimer’s disease has 
been established [ 67 ], investigators are claim-
ing that the pattern of behavioral decline seen 
in this sample of athletes, in association with 
its unique underlying profi le of pathology rep-
resents a  distinctive form of dementia known as 
chronic traumatic encephalopathy (CTE) [ 49 ]. 
Based on existing evidence, the development of 
CTE does not appear to be related to the occur-
rence of  discrete MTBI events, but rather the 
cumulative effects of repeated “sub-concus-
sive” blows to the head. At this point, the valid-
ity of the CTE diagnosis and its relevance to 
the vast majority of MTBI victims remains 
unclear [ 48 ,  59 ]. 

 In summary, the emerging evidence-based 
model of neurophysiological recovery from 
MTBI can be characterized as having three pos-
sible stages, which are depicted in Fig.  2 . The 
fi rst of these stages, characterized as an acute 
period of recovery, is based on temporary neuro-
physiological effects that recover within a period 
of 7–10 days, along with most clinical signs and 
symptoms. The second, “sub-acute” stage is 
characterized by continued brain recovery, 
which can be identifi ed potentially through the 
use of advanced neurodiagnostic techniques 
obtained within a period of several weeks fol-
lowing the injury before full remission. 
Subsequently, there is a possibility of a third 
stage of recovery, explaining the potential for 

  Fig. 2    Theoretical model 
of the physiological effects 
of MTBI over time       
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some individuals to experience a longer-term 
susceptibility to repeat injury and perhaps even 
the possibility of developing dementia later in 
life. While continued research is needed to 
 confi rm the presence and nature of these three 
stages of recovery, clinicians will fi nd it useful to 
consider these stages of recovery when perform-
ing neuropsychological evaluations of individu-
als following a reported MTBI.

       Neuropsychological Assessment 
of MTBI 

 Patients with MTBI present with a complex 
 combination of physical, cognitive, and emo-
tional symptoms. When examining these indi-
viduals, neuropsychologists need to be aware of 
the evidence- based literature on recovery from 
MTBI and to be cognizant of which stage of 
recovery the individual falls in at the time of the 
assessment. With the exception of individuals 
working in an acute concussion clinic, sport set-
ting, or the military, it is likely that most neuro-
psychologists will encounter MTBI patients long 
after the occurrence of the injury when patients 
are reporting symptoms of PCS. In that context, 
neuropsychologists are, by virtue of their training 
and use of empirically based assessment meth-
ods, uniquely qualifi ed among health care profes-
sionals to assess the complex display of symptoms 
seen in individuals presenting with PCS. 

 When evaluating individuals with MTBI, it is 
important to be reminded of the distinction 
between neuropsychological testing and neuro-
psychological assessment [ 37 ]. There is perhaps 
no other clinical situation where it is more 
important to corroborate information obtained 
via self- report through other sources. The com-
prehensive assessment of an individual with 
MTBI should include a detailed record review, 
an interview with the patient, testing of 
 neurocognitive  functioning, and completion of 
self-report symptom inventories. Interviews with 
collateral sources, such as family members, 
employers, or witnesses to the injury are also 
helpful, if such individuals are available, coop-
erative, and knowledgeable about the patient and 
the reported injury. 

    Record Review 

 The level and detail of a record review performed 
by neuropsychologists will vary depending on 
the setting and situation. The most useful records 
will consist of those documenting the character-
istics of the initial injury. These will include 
reports from the ambulance team, emergency 
room, or notes from the initial visit to the patient’s 
primary care physician, if they received no acute 
hospital care following the injury. One will want 
to know whether there was any documented LOC 
or any observed alteration in behavior, as docu-
mented by trained medical professionals. It is 
always important to record the reported GCS 
score, as that continues to be the metric used for 
documentation of injuries in most settings. 

 The records will also include a description of 
the mechanism and severity of the injury that was 
reported at the time of its occurrence. There will 
also be important information regarding the 
patient’s report of symptoms developing within 
the fi rst few hours of the injury and whether there 
was treatment for any lacerations or other physi-
cal injuries involving the head or other parts of 
the body. Lastly, the acute injury records will 
include documentation of whether the individual 
exhibited any neurological signs or symptoms on 
direct examination or whether any abnormal fi nd-
ings were obtained on neuroimaging. 

 In terms of additional records, it is important 
to obtain documentation of the individual’s subse-
quent medical care, particularly during the fi rst 
few weeks following the injury. Again, it is impor-
tant to determine the nature and level of symp-
toms reported during that time period. It is also 
important to determine whether or not there were 
any referrals to a neurologist or any other type of 
concussion specialist. In terms of  pre- injury func-
tioning, the neuropsychologist should make 
efforts to obtain records from medical, academic, 
employment, and military settings to evaluate any 
reported changes in post-injury functioning in 
addition to factors that could predispose the 
 individual to a complicated  recovery. There are 
indications that patients with pre- existing psychi-
atric conditions and/or issues with pain or other 
chronic medical complaints will have a more 
challenging recovery from MTBI [ 64 ].  
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    Clinical Interview 

 The clinical interview provides the neuropsy-
chologist with an excellent opportunity to obtain 
useful information while making critical obser-
vations of the patient’s demeanor. The patient 
should always be asked his or her account of the 
injury and its immediate impact on conscious-
ness and behavior. It is important to make the dis-
tinction between what the individual directly 
recalls from what they had learned about the 
injury through other sources. One should be in a 
position to compare information provided by the 
patient to the contents of the medical records. 
Given what is known about the natural recovery 
from concussion, it is important to obtain a 
detailed description of symptoms emerging 
within the fi rst few days following the injury and 
whether there was any full or partial resolution of 
the symptoms after a period of 1 week. The neu-
ropsychologist will need to understand the 
 symptoms experienced by the patient at the time 
of the assessment and understand how these 
symptoms are affecting the individual’s ability to 
return to work or school.  

    Neuropsychological Test Battery 

 In the age of health care reform and efforts to 
reduce costs and increase effi ciency, neuropsy-
chologists working in a clinical setting should be 
in a position to assess conditions such as MTBI 
with a rather brief and focused test battery. While 
patients might report a wide range of symptoms 
following injury, fi ndings from the evidence- based 
literature indicate that attention, processing speed, 
and memory are the functions most commonly 
affected following MTBI and these are the func-
tions that should receive the most attention through 
neurocognitive testing [ 7 ]. More detailed assess-
ment of MTBI through a comprehensive 3- to 5-h 
neuropsychological test battery is only likely to be 
needed in a forensic or disability setting. 

 Results of meta-analyses indicate that the cog-
nitive defi cits following MTBI are detected most 
readily within the fi rst few weeks following the 
injury [ 7 ]. The evidence does not support the 
existence of long-term effects on cognitive 

 functioning directly resulting from the physio-
logical effects of any lasting brain injury. In fact, 
given the effect sizes reported in meta-analyses, 
cognitive impairment attributable to the effects of 
MTBI, if present, would be undetectable using 
neuropsychological testing or any other known 
methodology. 

 Based on this information, the purpose of the 
neuropsychological evaluation of patients fol-
lowing MTBI will be very different depending on 
the time the evaluation is performed in relation to 
the injury. An assessment performed within 
weeks of the injury would by nature focus on 
detection of cognitive impairment while an 
 evaluation performed months or years following 
the injury would be more concerned with deter-
mining a combination of factors that are likely to 
be playing a role in the patient’s reporting of 
chronic symptoms. 

 Ironically, when assessing the chronic effects 
of MTBI, the neuropsychologist should be more 
in a position of providing assurance and commu-
nication that the results of testing indicate no 
long-term cognitive consequences of brain injury, 
contrary to what is often reported by other health 
care professionals. The goal is to provide the 
patient with evidence-based information on 
recovery that will help them return to their pre- 
injury level of functioning rather than prepare 
them for a long-term course of rehabilitation. The 
end result of the neuropsychological evaluation 
will be to provide to the patient and the treatment 
team an explanation on factors other than the 
physiological effects of “brain damage” that are 
likely to be playing a role in the maintenance of 
persisting symptoms and how those factors can 
be addressed through appropriate psychological 
intervention or other forms of rehabilitation. 

 Over the past 20 years, a number of brief neu-
ropsychological assessment paper/pencil or com-
puterized test batteries have been developed for 
assessment of patients with MTBI. It is important 
to note that most of these test batteries were 
developed for assessment of the acute injury 
effects in a sport setting in conjunction with data 
obtained from baseline testing performed before 
the injury. These test batteries are typically not 
comprehensive enough to be used for evaluations 
of patients in most standard clinical settings. 
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 While there are clearly a number of advan-
tages to using computerized tests, particularly 
with regard to assessment of reaction time and 
use of automated scoring and recording methods, 
there are no data indicating that these tests are 
any more sensitive to detecting cognitive impair-
ments following MTBI than standard paper/pen-
cil tests [ 60 ]. With emerging evidence regarding 
limitations in the reliability of these computer-
ized test batteries and concerns about their false- 
positive rates, clinicians are urged to use caution 
in employing these measures in most standard 
clinical settings until more information about 
psychometrics and norms is obtained [ 12 ,  62 ]. 

 The neuropsychological test battery used for 
evaluating patients with MTBI in a non-sports 
setting can be conducted effectively using a brief 
battery of paper and pencil tests consisting of 
four major components. To begin with, the bat-
tery should provide a detailed assessment of cog-
nitive functioning, with a particular focus placed 
on assessment of attention, processing speed, and 
memory. Given the range of motivational factors 
associated with MTBI, the battery should include 
multiple measures of performance validity using 
a combination of freestanding and embedded 
measures. Lastly, the neuropsychologist should 
employ standardized methods for evaluating 

symptom reporting. This will often include use of 
a combination of brief measures of post- 
concussion symptoms and mood in addition to 
larger inventories including formal indices for 
assessing symptom validity. An example of a test 
battery including measures of cognitive function-
ing, performance validity, self-report, and symp-
tom validity used by neuropsychologists at the 
Concussion Center at the NYU Langone Medical 
Center is provided in Table  2 .

   Testing of cognitive functioning in patients 
following MTBI will often begin with a brief 
assessment of intellectual functioning. This 
might include the use of a combined reading and 
demographic index of premorbid functioning, 
such as the Test of Premorbid Functioning 
(TOPF) [ 56 ] or the Wechsler Test of Adult 
Reading (WTAR) [ 76 ]. A brief measure of cur-
rent intellectual functioning such as the two- 
subtest version of the Wechsler Abbreviated 
Scale of Intelligence (WASI-2) [ 78 ] will usually 
suffi ce for assessment of current intellectual 
functioning, although use of the full IQ test might 
be required in certain forensic applications or 
when evaluating the need for accommodations in 
the workplace or school. The overall purpose of 
evaluating intelligence in this population is to 
obtain a context to interpret other test indices 
since there is no evidence that MTBI affects 
intelligence in any manner that would lead 
directly to a decline in intellectual functioning. 

 Formal assessment of attention in patients 
 following MTBI will include measures of atten-
tion span, processing speed, and more complex 
attentional control. In most cases, this will begin 
with a measure of digit span as obtained with a 
subtest obtained from one of the Wechsler scales. 
Processing speed can be assessed effectively 
using one of the Wechsler coding tests or through 
the use the Symbol Digit Modalities Test [ 68 ]. 
More complex forms of attention can be evalu-
ated with a combination of the Trailmaking Test 
[ 61 ] and Stroop Color Word Naming Test [ 23 ]. 
Further assessment might include a verbal fl uency 
measure such as the Controlled Oral Word 
Association Test (COWAT) [ 10 ]. From a theoreti-
cal perspective, there is no evidence that higher- 
order executive functions are affected directly 

    Table 2    Neuropsychological test battery for assessment 
of mild traumatic brain injury (MTBI)—NYU Langone 
Medical Center Concussion Center   

 • Wechsler Abbreviated Scale of Intelligence (WASI-2) 
 • Test of Premorbid Functioning (TOPF) 
 • Digit Span (WAIS-IV) 
 • Digit Symbol (WAIS-IV) 
 • Trail Making Test (DKEFS) 
 • Color Word Interference Test (DKEFS) 
 • Verbal Fluency Test (DKEFS) 
 • California Verbal Learning Test (CVLT-2) 
 • Medical Symptom Validity Test (MSVT) 
 • Reliable Digit Span (RDS) 
 • Forced Choice Recognition Trial (CVLT-2) 
 • Post-Concussion Scale (PCS-R) 
 • Beck Anxiety Inventory (BAI) 
 • Beck Depression Inventory (BDI-II) 
 • Minnesota Multiphasic Personality Inventory 

(MMPI-2-RF) 
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following MTBI. Therefore, for the sake of 
 brevity, measures such as the Wisconsin Card 
Sorting Test (WCST) [ 29 ] or Category Test [ 61 ], 
do not typically add much value in an assessment 
of an individual following that level of injury. 

 While some patients might report specifi c 
changes in language and academic skills such as 
reading and spelling, there is no evidence that 
those functions would be affected directly or per-
sistently through any known physiological effects 
of MTBI. Reports of reading and spelling disor-
ders are more often the result of secondary effects 
of attentional issues stemming from anxiety and/
or distractions from somatic symptoms such as 
headache or pain. As a result, one might question 
the need to include any formal assessment of lan-
guage or academic skills in within the context of 
a routine neuropsychological evaluation per-
formed on an adult following MTBI. Evaluation 
of these functions is best performed as an occa-
sional “add-on” to the test battery limited to 
instances where these symptoms are emphasized 
by the patient during the interview. 

 Similarly, some patients report changes in 
 spatial or perceptual skills following MTBI. 
Again, there is no reason from a physiological or 
neuroanatomic standpoint to believe that these 
types of skills would be affected directly by 
MTBI. The addition of additional tests of higher 
order perceptual functions or similar measures 
would therefore only serve to increase the 
 probability of fi nding “impairment” by chance as 
a result of committing a Type I statistical error [ 9 , 
 66 ]. While low scores might be obtained on some 
tests as a result of possible neurodevelopmental 
factors, this situation might serve as a distraction 
and cause the patient and the treatment team to 
believe that these are acquired defi cits indicating 
the presence of chronic brain dysfunction. 

 Comprehensive evaluations of memory are 
clearly warranted in patients following MTBI 
and are usually performed most effi ciently with 
any one of a number of verbal list-learning mea-
sures. Tests such as the California Verbal 
Learning Test (CVLT-2) [ 17 ], Rey Auditory 
Verbal Learning Test (RAVLT) [ 66 ], or the 
Hopkins Verbal Learning Test (HVLT) [ 11 ] 
 typically provide the clinician with a means to 

evaluate various stages of memory processing. 
Those exhibiting restrictions in their performance 
 during initial learning trials, in combination with 
low scores on other measures of attention, will be 
identifi ed as having diffi culties with memory 
encoding. Low scores on delayed recall trials, in 
combination with higher levels of performance 
on yes/no recognition, will signal the presence of 
a retrieval defi cit. 

 Further information regarding memory can be 
provided through assessment of the patient’s 
ability to recall more contextually based material 
through the WMS-IV Logical Memory subtest 
[ 77 ], although it is debatable whether that mea-
sure adds any signifi cant information to the eval-
uation of MTBI. While many clinicians prefer to 
add tests of nonverbal memory to their test bat-
tery, one can argue whether these tests add any-
thing new when effects of lateralized hemispheric 
dysfunction are not an issue. In spite of what 
might be reported in some rare cases, defi cits in 
remote memory, otherwise known as retrograde 
amnesia, are not seen in patients following 
MTBI, indicating no need for the clinician to 
include any tests focusing on recollection of 
faces or events from the distant past. 

 A formal evaluation of validity and response 
bias is critical in any test battery, particularly in 
one focusing on a condition such as MTBI, where 
a combination of many physical, psychological, 
and motivational factors are likely to be in play. 
Larrabee [ 34 ] has introduced the distinction 
between performance validity tests (PVT) and 
symptom validity tests (SVT), with the former 
designated as performance-based measures of 
effort used to assess validity of cognitive perfor-
mance while the latter term is reserved for mea-
sures looking at the validity of symptom 
reporting, as used in self-report questionnaires. 
Evaluation of patients following MTBI requires 
the use of both PVTs and SVTs. It is important to 
note that these measures are not only used for 
detection of malingering, which is known to be 
seen at relatively high rates in patients alleging 
MTBI in forensic contexts, but are useful in help-
ing to identify the infl uence that somatization, 
mood disorder, and other psychological disorders 
are having on the individual’s ability to maintain 
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the level of effort that is necessary to obtain valid 
results on neuropsychological testing. 

 The neuropsychological test battery should 
include at least one freestanding PVT using forced-
choice methodology, such as the Word Memory 
Test (WMT) [ 24 ] or the Test of Memory 
Malingering (TOMM) [ 72 ]. The Medical 
Symptom Validity Test (MSVT) is another free-
standing measure that has been demonstrated to 
identify invalid levels of performance in MTBI 
samples in a brief and effective manner [ 25 ]. The 
clinician’s use of combinations of other tests, such 
as those listed in the sections above, will also 
enable them to look at a number of embedded PVT 
measures, including the Reliable Digit Span [ 26 ] 
and recognition memory indices from the CVLT-2 
or RAVLT. Scores below published cutoffs on at 
least two of the indices from the freestanding and 
embedded measures combined provide a signal for 
the clinician to question the validity of fi ndings 
from the neuropsychological battery. 

 Symptom reporting is an important component 
of any evaluation of a patient following MTBI, 
particularly since there are no independent means 
to confi rm the presence of injury through standard 
neuroimaging or electrophysiological methods. 
A formal evaluation of symptoms through stan-
dardized and validated assessment methods is thus 
an essential component of the neuropsychological 
evaluation so that the clinician can determine in 
which cases symptom magnifi cation might be 
playing a role or whether the reporting of post-
concussion symptoms is affected by any comor-
bid conditions such as chronic pain, somatization, 
or mood disorder. A combination of brief illness 
focused measures of symptom reporting and 
larger scale psychological inventories are recom-

mended for use in test batteries designed for 
assessment of patients with MTBI. 

 Several measures for assessment of post- 
concussion symptom have been developed and 
validated in recent years for use in sports and 
non-sports setting [ 74 ]. The range of subjective 
complaints associated with PCS is quite large 
with different symptoms classifi ed among cogni-
tive, somatic, emotional, and sleep categories. 
Examples of these symptoms and their associated 
categories are provided in Table  3 .

   The Post-Concussion Scale (PCS-R) is a 
measure developed in the sports setting that pro-
vides a rapid assessment of symptoms that is 
useful for monitoring recovery. It contains 22 
items scored on a 7-point (ratings, 0–6) Likert 
scale [ 35 ]. Based on normative information, a 
score of 20 would represent an elevation of 
symptoms while a score greater than 30 would 
indicate an extreme level of reporting. While 
brief measures of post- concussion symptoms can 
provide a valuable method for measuring the 
degree of distress reported by an individual 
patient, they tell us very little about the specifi c-
ity of the symptoms, as many similar symptoms 
are known to occur in association with other 
clinical conditions such as chronic pain and 
mood disorder, both of which are frequently 
comorbid conditions in patients following MTBI. 
In many cases, the inclusion of additional brief 
measures of mood, chronic pain, or PTSD symp-
toms can provide a useful adjunct to symptom 
assessment, although none of the brief symptom 
measures provide a means of determining the 
presence of symptom magnifi cation. 

 For many of the reasons listed above, a more 
comprehensive assessment of symptom reporting 

   Table 3    Categories of symptoms commonly associated with post-concussion syndrome (PCS)   

 Physical  Cognitive  Emotional  Sleep 

 • Headache  • Memory disturbance  • Anxiety  • Problems with falling asleep 
 • Dizziness  • Concentration disturbance  • Depression  • Problems with staying asleep 
 • Fatigue  • Forgetfulness  • Loss of interest  • Sleeping too much 
 • Noise sensitivity  • Word fi nding problems  • Restlessness 
 • Light sensitivity  • Trouble reading 
 • Nausea  • Feeling disorganized 
 • Numbness 

W.B. Barr



357

needs to be performed using a larger scale 
 self- report instrument such as the Minnesota 
Multiphasic Personality Inventory (MMPI-2) 
[ 14 ] or the Personality Assessment Inventory 
(PAI) [ 53 ]. The major reason for including these 
measures is the fact that they contain well- 
validated measures of symptom validity that can 
help to identify cases where patients might be 
over-reporting symptoms as a result of somatiza-
tion or externally based motivational factors. The 
current author prefers to use the MMPI-2-RF [ 8 ] 
for this purpose as a result of its brevity and the 
growing literature supporting its use for assess-
ing the validity and range of factors underlying 
symptom reporting in MTBI samples. 

 To date, the MMPI-2-RF has been shown to be 
sensitive to detecting symptom magnifi cation 
using standard validity indices such as F-r in 
addition to using other measures such as the 
Symptom Validity Scale (FBS-r) and Response 
Bias Scale (RBS), which now have a rather large 
literature supporting their use with MTBI patients 
[ 55 ,  79 ]. The MMPI-2-RF also has a number 
of scales that are useful in identifying patients 
with features of somatization (RC1—Somatic 
Complaints) and a high level of cognitive com-
plaints (COG) [ 80 ]. Results from this instrument 
are effective for identifying patients that might be 
malingering the effects of neurological illness in 
addition to helping identify those that are likely 
to be helped by specifi c forms of psychological 
intervention.   

    Interventions for MTBI 

 Results of the neuropsychological evaluation will 
provide clinicians working with MTBI patients in 
a clinical setting with critical information on the 
presence of symptoms, their likely etiology, and 
the degree to which they are affected by the 
effects of comorbid physical and psychological 
conditions. After obtaining this information, the 
next step is to develop a plan for intervention. 
This plan will differ signifi cantly depending on 
the clinical setting and the chronicity of the 
injury. Those working with patients in the early 
sub-acute stage of recovery will utilize strategies 

aimed at preventing the development of persistent 
PCS while interventions aimed at symptom 
reduction will be used in patients continuing to 
experience longer-term effects of the injury. 

 Psycho-education is the key to prevention of 
long-term symptoms in patients following MTBI. 
It was not too long ago that the public at large had 
very little information about MTBI, making the 
effects of the injury somewhat of a mystery, both 
to patients and clinicians. Now, with the explo-
sion of information provided by the media and 
the internet, most injured patients have expecta-
tions of what might be expected following MTBI, 
with many of these expectations guided not so 
much by research fi ndings but by misconceptions 
based on dramatic accounts of celebrities, ath-
letes, and soldiers who have experienced diffi cult 
recoveries. The role of the clinician is therefore 
to relay information from the evidence-based lit-
erature while providing reassurance to their 
patients that, after a brief period of headache and 
other short-lived symptoms, the vast majority of 
individuals sustaining an MTBI achieve full 
recovery, enabling them to resume their lives 
with no long-term effects. 

 There are indications that psycho-educational 
interventions aimed at patients with MTBI are 
best initiated as early as possible following the 
injury [ 52 ]. Findings from research studies have 
indicated that providing information sheets or a 
single session intervention to patients at the time 
of the ER visit will reduce symptom expression 
and level of distress at longer-term follow-up. 
Communications to the patient that he or she will 
benefi t from rest while they undergo a brief 
period of symptoms can prevent them from suf-
fering setbacks as a result of a premature resump-
tion of their regular activities. Most MTBI experts 
advocate a common sense approach for an initial 
return to activity, adapting concepts borrowed 
from return to play guidelines developed in the 
sports setting. This generally involves a gradu-
ated resumption of activities, as tolerated, until a 
full return to a pre-injury level of functioning can 
be achieved unaccompanied by symptoms [ 47 ]. 

 The issue of complete cognitive and physical 
rest has become a controversial topic in the clini-
cal management of MTBI. Recommendations for 
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rest are based loosely on concepts obtained from 
animal studies where it is known that a premature 
activation of physiological activity during a 
period when the brain is undergoing a restorative 
process can have a negative effect on many of the 
neural factors important for recovery. Based on 
this information, it makes sense to recommend a 
few days rest following an injury. However, the 
clinician must be careful not to overextend rec-
ommendations of rest, which could have the 
potential of placing the recovering patient at risk 
for developing a maladaptive focus on their 
symptoms. At the current time, further informa-
tion is needed on the long-term benefi ts of rest 
and the optimal amount and types of rest that are 
required for optimal recovery from MTBI [ 65 ]. 

 Most health care professionals are well aware 
that patients with persistent PCS are diffi cult to 
treat. Interventions aimed at treating persistent 
PCS can be divided roughly into physiological 
and psychological approaches. It is not surpris-
ing that there is no consensus on what physio-
logic approaches to treatment should be used 
for treatment of PCS, given the fact that its 
underlying physiologic causes remain undeter-
mined. Based on fi ndings from the research lit-
erature, there is more empirical support for the 
use of psychological interventions for PCS, 
although there is clearly a need for more work 
in this area. 

 Pharmacological approaches to the treatment 
of patients with PCS focus primarily on treat-
ment of comorbid depression and anxiety, as no 
medication has been shown to be effective in 
treating the primary symptoms of PCS [ 36 ,  39 ]. 
There is a growing interest in identifying oculo-
motor [ 21 ] and vestibular disturbances [ 5 ] in PCS 
patients, based on the possibility that these types 
of disturbances are often overlooked in this popu-
lation. However, large-scale studies looking at 
the effi cacy of vision and vestibular therapy are 
clearly needed. Based on fi ndings that long-term 
cognitive effects of MTBI are minimal, the use of 
cognitive rehabilitation approaches with this 
group is unwarranted. There is no convincing 
published evidence that neurofeedback, hypno-
sis, or acupuncture are effective as “alternative” 
treatments for patients following MTBI [ 36 ]. 

 There is now a growing trend to use cognitive 
behavioral therapy (CBT) for treatment of MTBI 
patients who have developed PCS. The theoreti-
cal basis for CBT interventions with this 
 population is that (1) the symptoms that predomi-
nate in PCS are subjective in nature, (2) these 
symptoms overlap substantially with those seen 
in other psychological conditions, and (3) there 
are a number of cognitive-behavioral processes 
 underlying the evolution and maintenance of 
symptoms in PCS [ 58 ]. While previous psycho-
therapeutic approaches to PCS emphasized a 
sequence of validation and identifying alternative 
interpretations for the attribution of symptoms, 
use of CBT enables the clinician to address mal-
adaptive behavioral responses, cognitive apprais-
als, and the impact of symptoms on daily life [ 2 ]. 

 A 12-session framework for CBT with PCS 
patients has been developed by Potter and Brown 
[ 58 ]. Beginning sessions utilize and extend the 
use of materials from psycho-educational inter-
ventions by providing information on the course 
of symptom recovery seen in the majority of 
patients. This is followed by a number of sessions 
identifying problem areas and developing appro-
priate responses. The goal is to help develop pos-
itive expectations while limiting the negative 
impact of perceived errors or mistakes. Later ses-
sions focus on the techniques that worked and did 
not work in addition to developing longer-term 
behavioral plans for the future. In a recent sys-
tematic review of the research literature, it was 
determined that all ten randomized controlled tri-
als demonstrated a therapeutic benefi t, although 
small numbers and short durations of follow-up 
prevent the formation of robust conclusions about 
the ultimate effi cacy of CBT with the MTBI 
population.  

    MTBI Presentation in Different 
Clinical Settings 

 The presentation of MTBI differs signifi cantly 
across settings. For the purposes of this chapter, 
we will focus on a discussion of similarities and 
differences as presented in patients with injuries 
resulting from sports, personal injury, or military 
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service. These three diverse contexts provide 
markedly different means for documenting details 
regarding the injured person, the mechanisms of 
the injury, and its resulting effects. Further details 
regarding the differences among these three set-
tings are listed in Table  4 . For example, those in 
the sports and military settings are at an increased 
risk for sustaining an MTBI, which often pro-
vides a formal means for obtaining information 
on their pre-injury status through baseline testing. 
However, in the case of personal injury 
 evaluations, the clinician is forced to estimate the 
individual’s premorbid state using information 
from available records and various psychometric 
methods. The level of available documentation of 
the injury itself and the course of acute and sub-
sequent recovery varies widely across these three 
settings. There are also marked differences by 
which comorbid psychiatric factors and motiva-
tion can play a role in symptom presentation, 
depending on the nature and social context of the 
injury. Additional details on the differences 
among these settings are provided below.

      Sports Concussion Setting 

 When leagues and teams are provided with ade-
quate resources, the sport setting provides the most 
controlled environment for obtaining details 
regarding an injury and its subsequent recovery. 
Injuries sustained by athletes participating in pro-
fessional and NCAA Division I collegiate settings 
will often be captured on video recordings with 
nearly immediate care provided by athletic trainers 

and physicians located on site. The development of 
new methodology using helmet and other types of 
sensors placed on the athlete has also enabled 
investigators to capture technical information on 
the impacts to the head that are causing concussive 
injuries [ 13 ]. However, much less information 
about injuries and the access to immediate care is 
available to athletes participating at less advanced 
levels of competition, which often leads to reliance 
on retrospective accounts of the injury, in a manner 
that is similar to what is utilized in other settings. 
Most studies fi nd that the vast majority of athletes 
(>80 %) exhibit a full resolution of symptoms 
within 7–10 days of the injury [ 41 ,  47 ]. 

 By virtue of being at a known risk for concus-
sion, the practice of obtaining baseline 
 information on the athlete through some form of 
neuropsychological testing has become common-
place in many athletic settings. The initial ratio-
nale for performing baseline testing on athletes, 
which can be quite costly and time- consuming, 
was quite reasonable as it provided a means to 
control for a number of factors (e.g., age, gender, 
IQ, and effects of learning disability) that are 
likely to infl uence scores on neuropsychological 
tests administered following the injury. However, 
there is now growing scientifi c evidence, in the 
form of poor reliability, disappointing sensitivity/
specifi city, and evidence of motivational factors 
infl uencing baseline test performance, that infor-
mation on the athlete obtained at baseline has not 
proven to be as helpful as had been anticipated 
for post-concussion management [ 18 ]. 

 At this point, there continues to be no empiri-
cal clinical or scientifi c data to indicate that neu-

   Table 4    Differences in the presentation of mild traumatic brain injury in sports, personal injury, and military settings   

 Sports setting  Personal injury  Military setting 

 Pre-injury condition  Measured prospectively  Estimated retrospectively  Measured prospectively 
 Injury documentation  Directly witnessed 

and recorded 
 Records or eyewitness 
reconstruction 

 Record or eyewitness 
reconstruction 

 Acute symptoms  Measured at time 
of injury 

 Estimated retrospectively  Dependent on medical care 
received 

 Course of early recovery  Measured and recorded  Estimated retrospectively  Dependent on medical care 
received 

 Course of chronic symptoms  Per interview and 
medical records 

 Per interview and medical 
records 

 Per interview and medical 
records 

 Possible motivation  Fake good  Fake bad  Fake good or bad, depending 
on time and setting 
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ropsychological testing, administered through 
paper/pencil means or computer, adds anything 
more to the management of acute effects of con-
cussion in comparison to what can be obtained 
through the use of sideline administered symp-
toms checklists, cognitive screens, and balance 
measures, as found in an instrument such as the 
SCAT-3 [ 42 ,  44 ]. However, that does not mean 
that neuropsychological assessment plays no role 
in the evaluation of athletes post-concussion. 

 A focused approach to neuropsychological 
assessment using methods described earlier in 
this chapter can be very helpful to guide interven-
tions aimed at athletes reporting symptoms for 
more than 14 days, which would take them 
beyond the window of vulnerability associated 
with physiological causes [ 6 ]. The sports com-
munity has a well-established set of guidelines 
for return to play based on the athlete remaining 
symptom-free through a predetermined set of 
graduated stages that eventually culminate in a 
full return to competition [ 46 ]. Neuropsycho-
logical testing in a sports setting provides impor-
tant information from those individuals whose 
recovery time extends beyond the norm. 

 While the sports culture calls for athletes to 
remain “tough” in the face of injury, there is an 
increase in the appreciation of the level that 
 psychological and motivational factors can infl u-
ence prolonged symptom presentation in athletes 
as well as in other types of patients. With those 
factors in mind, neuropsychological consultation 
is critical to developing a plan for psychological 
and rehabilitative interventions for athletes follow-
ing concussion. Feedback sessions aimed at ath-
letes and their families will need to focus 
signifi cantly on psychoeducational factors and a 
review of the evidence-based literature to help 
counteract much of the information they are likely 
to have received through the media and  clinicians 
who have not kept up with the  scientifi c literature.  

    Clinical and Personal Injury Setting 

 Nearly every neuropsychologist in clinical prac-
tice will, at some point, encounter patients who 
have sustained an MTBI, with most of these 

patients seeking services long after the injury. 
While many are able to provide very detailed nar-
rative accounts of the injury and its aftermath it is 
imperative for the clinician to obtain information 
from independent medical records to help 
 determine the nature of the initial injury and its 
relation to the onset of initial symptoms. In some 
instances, information obtained from the records 
will contradict what the patient reports to the pro-
vider during the clinical interview. In a routine 
clinical setting, documentation from the records 
is critical to evaluating the likelihood that the pre-
senting symptoms are the result of physiological 
effects of the injury and determining whether 
other factors, such as pain or psychological 
effects, are playing a role in the presenting symp-
toms. In a forensic setting, the information from 
the records will play even a greater role in help-
ing the neuropsychologist to determine a causal 
relationship between the injury and continuing 
symptoms and in determining the risk for long- 
term disability. 

 Neuropsychological testing of patients with 
reported sub-acute or long-term effects of MTBI 
in most routine clinical settings can be conducted 
successfully with the type of test battery outlined 
in Table  2 . However, longer test batteries are 
often needed when the assessment is performed 
in a forensic capacity or as part of a long-term 
disability evaluation. In any case, the clinician is 
advised to focus on assessment of attention, pro-
cessing speed, and memory, which are the cogni-
tive functions most likely to be affected by MTBI. 
However, given the effect sizes reported from 
meta-analyses of MTBI effects [ 7 ], it is much 
more likely the presence of long-term cognitive 
impairment will be related more to non-injury 
factors than to the injury in question. Other 
details from the interview, records, and other 
sources will help the neuropsychologist deter-
mine what factors are likely to be playing a role 
in the manifestation of cognitive impairment, 
when it is identifi ed on testing. 

 Formal assessment of symptom reporting is 
perhaps the most critical component to the assess-
ment of an individual referred for neuropsycho-
logical evaluation of a personal injury secondary 
to MTBI. Identifying of individuals with symp-
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toms resulting from comorbid anxiety and/or 
depression can be extremely helpful in develop-
ing a treatment plan for cases where symptoms 
resulting from those conditions are misattributed 
to the persistent effects of MTBI. Cases where 
symptom reporting is affected by effects of soma-
tization or chronic pain are clearly diffi cult to 
treat, although there is growing evidence that 
symptom reduction is observed successfully in 
many of these individuals in response to CBT [ 4 ]. 
Given the prominent infl uence of psychological 
and iatrogenic factors in many cases of MTBI, 
patients are often reluctant to obtain feedback 
that the symptoms they have experienced are the 
result of emotional factors rather than the effects 
of an underlying brain injury. Neuropsychologists 
should, nonetheless, adhere to fully communicat-
ing the results of their test fi ndings to at least 
“plant the seed” that other factors are playing a 
role in the patient’s persistent symptoms. 

 Due to the multitude of psychological and 
motivational factors that are likely to infl uence 
symptom reporting, no neuropsychological eval-
uation is complete without inclusion of tests for 
assessing validity of both the cognitive and self- 
report testing. Based on information combined 
from clinician surveys and data from patient 
 samples, it is estimated that approximately 40 % 
of individuals undergoing neuropsychological 
testing in forensic or disability settings will “fail” 
validity testing while that number drops to less 
than 10 % in most routine clinical settings [ 52 ]. 
It is important to note that abnormal performance 
on validity testing in either setting can signal the 
presence of motivation for an external gain or the 
effects of other psychological factors. Given the 
availability of fi nancial gain in the personal injury 
setting, no forensic evaluation of a patient fol-
lowing alleged MTBI should ever be conducted 
without a full complement of PVT and SVT.  

    Military Setting 

 One can argue that the biggest challenge in 
 neuropsychological assessment of MTBI is faced 
when clinicians are called upon to evaluate 
 veterans returning from military service. 

According to commonly cited statistics, approxi-
mately 12–23 % of veterans returning from ser-
vice in Iraq and Afghanistan sustained an injury 
classifi ed as MTBI [ 75 ]. However, there are many 
ongoing challenges in documenting the nature 
and severity of these injuries. The problem is 
confounded further by estimates that at least 
40 % of those soldiers sustaining an MTBI are 
also diagnosed with PTSD secondary to the 
extraordinary nature by which the injuries are 
received [ 30 ]. Based on their use of standardized 
assessment methodology, neuropsychologists are 
in a unique position to help disentangle the com-
plex nature of symptom reporting in this popula-
tion to ensure that the veterans obtain the services 
they need and deserve. 

 Like athletes, soldiers deployed for combat 
service are known to be at risk for encountering 
an MTBI and large-scale baseline neuropsycho-
logical testing programs were initiated with the 
intention of assisting with injury management in 
this population. However, transmission and dis-
tribution of the test data to overseas medical units 
became a signifi cant challenge, which prevented 
the use of those data in assessment of injured 
 soldiers. Similarly, while several methods for 
assessment of cognitive functioning were adapted 
for use in theater and were, in fact, utilized 
 successfully in many instances by medical per-
sonnel, there have been challenges in linking up 
those records to veterans appearing at medical 
clinics following their return. 

 Upon their discharge, military service mem-
bers complete a questionnaire including many 
items refl ecting their exposure to blasts from 
IEDs and other events that would expose them to 
risks for brain injury [ 70 ]. The questionnaires also 
include a number of subjective symptoms associ-
ated with possible MTBI exposure. The possible 
confounding factors inherent to these methods are 
no different than those existing in other settings. 
However, the relative diffi culties in obtaining 
records corroborating the battlefi eld exposure and 
the medical care received after the injury create a 
challenge for assessing MTBI in veterans unlike 
what is seen in any other clinical setting. 

 Neuropsychologists working in a medical set-
ting associated with the Department of Defense 
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(DoD) or Veteran’s Administration are well 
equipped and experienced in evaluating the 
effects of MTBI in returning veterans. However, 
there are certain situations where veterans choose 
to seek evaluations outside of those institutions 
and end up in the offi ces of neuropsychologists in 
private practices or unaffi liated medical centers. 
In those instances, the clinician will be well 
served by taking the symptom focused assess-
ment approach described in this chapter. 

 A comprehensive assessment of possible 
comorbid psychiatric conditions is critical to the 
assessment of MTBI in returning veterans. First 
and foremost, the clinician must evaluate for the 
presence of PTSD. While this can be performed 
successfully through the use of a comprehensive 
interview combined with the MMPI-2-RF, it is 
often helpful to employ other instruments for 

screening PTSD [ 71 ]. It is also important to 
remember that PTSD is not the only comorbid 
condition that might arise in these cases as return-
ing veterans are also known to have high rates of 
depression and substance abuse following their 
return [ 16 ]. 

 Assessment of malingering has become a con-
troversial topic in the evaluation of medical needs 
and eligibility for disability in returning veterans. 
Some feel that it is a dishonor to question motiva-
tions behind the clinical presentation of veterans 
who have served their country bravely. However, 
the available statistics show a 10–59 % failure 
rate on PVTs in veteran samples with similar 
rates of invalid profi les on SVTs, making it clear 
that the use of these measures is clearly indicated 
in neuropsychological test batteries administered 
to this population [ 33 ,  54 ].   

      Table 5    Neuropsychological test score profi les for case examples   

 Case number 1  Case number 2  Case number 3 

 Demographics  19-year-old  58-year-old  27-year-old 
 Female Soccer Player  Female Counselor  Male Veteran (Iraq) 
 13 years education  18 years education  12 years education 

 WASI-2 FSIQ  SS = 108  SS = 123  SS = 95 
 Digit span  ss = 9  ss = 11  ss = 7 
 Digit symbol  ss = 7  ss = 12  ss = 6 
 DKEFS 
  Trailmaking 
  • Number-letter  ss = 11  ss = 12  ss = 6 
  Verbal fl uency 
  • Phonemic  ss = 8  ss = 10  ss = 9 
 CVLT-2 
 • Total learning   T  = 48   T  = 61   T  = 54 
 • LDFR  14/16  16/16  12/16 
 MSVT  DR = 98 %  DR = 96 %  DR = 100 % 
 RDS  8  9  9 
 CVLT-2 FC  16/16  16/16  16/16 
 PCS-R  Raw = 14  Raw = 36  Raw = 21 
 BDI-II  Raw = 9  Raw = 12  Raw = 11 
 BAI  Raw = 12  Raw = 15  Raw = 16 
 MMPI-2-RF 
 • L-Scale   T  = 54   T  = 63   T  = 56 
 • F-Scale   T  = 50   T  = 58   T  = 90 
 • K-Scale   T  = 60   T  = 47   T  = 44 
 • FBS   T  = 57   T  = 68   T  = 61 
 Profi le  RC1,  T  = 87  No elevations  RC2,  T  = 77 

 RC4,  T  = 79 
 RC7,  T  = 78 
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    Case Examples 

 The following paragraphs provide descriptions of 
three clinical cases of MTBI as experienced in a 
sports, personal injury, or military setting. Details 
are provided in each case on the reported 
 mechanism of injury and the challenges inherent 
to confi rming the patient’s initial report through 
independent documentation. Each of the three 
cases was evaluated through methods described 
in this chapter with scores from select tests listed 
in Table  5 . The case examples also highlight how 
many individual factors regarding the patient, 
injury setting, and social context affect both 
symptom presentation and outcome from MTBI.

      Case 1: Sports Concussion Setting 

 This is a case of a 19-year-old Hispanic female 
(primarily English-speaking) college soccer 
player who initially sustained a concussion when 
she collided heads with an opponent during 
 interscholastic competition during her fi rst sea-
son at a small northeastern college. There was no 
initial loss of LOC or subsequent PTA. She expe-
rienced headache, dizziness, and nausea at the 
time of injury, which led the team’s athletic 
trainer to withhold her from the fi nal stages of the 
game. She continued to experience symptoms for 
5 days afterwards, which was followed by a grad-
ual return to full competition within 12 days. Two 
weeks later, she sustained another blow to the 
head, as a result of being struck by a small rubber 
ball that had been thrown by a male student in the 
context of a group’s “horsing around” in the dor-
mitory. She re-experienced the headache and diz-
ziness following this second injury and was not 
able to return to any level of exercise for 3 months 
afterwards without experiencing these symptoms. 
She was advised by her doctors and school offi -
cials to withdraw from classes as a result of the 
continuing effects of the injury. She was referred 
for neuropsychological testing by her internist 7 
months after the injury for assessment of cogni-
tive functioning prior to her return to classes. 

 The athlete reported that she was continuing 
to experience a mild level of symptoms at the 

time of the clinical interview. She continued to be 
involved with the soccer team, keeping statistics 
and stated that she wanted to return to play with 
her teammates in the future. During the inter-
view, it became clear that the athlete had initially 
taken up soccer on the suggestion of her father, 
who was an avid supporter of her high school and 
college teams. At one point, the father began to 
cry while outwardly contemplating the possibil-
ity that he would never see his daughter play 
another soccer game as a result of the injury. The 
parents also noted that the entire family was 
under stress as a result of a failing restaurant 
business and recent illnesses developed by 
grandparents. 

 Test results, as listed in Table  5 , demonstrate 
an average level of performance on tests of intel-
lectual functioning, cognition, and performance 
validity. The level of symptom reporting was 
slightly elevated as measured by the PCS-R, con-
sistent with the athlete’s report of continuing 
symptoms. Only minimal elevations were seen 
on the Beck Anxiety Inventory (BAI) and Beck 
Depression Inventory (BDI-II). The MMPI-2-RF 
profi le was valid with evidence of an isolated 
elevation on RC1 ( T  = 87), indicating a marked 
focus on the experience of somatic symptoms. 
The athlete and her family were provided with 
psychoeducation regarding the expected effects 
of an injury that occurred several months in the 
past and the likely effects that somatization and 
other psychological factors were playing a role in 
the persistent manifestation of symptoms. 

 The athlete was referred for CBT with a psy-
chologist located in the vicinity of the college. 
Six months after the evaluation, the referring 
physician informed the neuropsychologist that 
the athlete was asymptomatic and had given up 
soccer to focus on her studies and other extracur-
ricular activities. The physician stated that she 
was happy and performing well in her classes.  

    Case 2: Personal Injury 

 The second case is a 58-year-old Caucasian, 
English-speaking woman who works as a guid-
ance counselor at a private school who was struck 
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as a pedestrian by a taxi in a crosswalk while 
attempting to cross a busy intersection in the New 
York City. She remembered being thrown into the 
air but did not recall many other details until her 
arrival by ambulance at a local hospital. She 
described diffi culties in her communications with 
emergency room personnel. She was discharged to 
home on the same day. She reported headaches 
and dizziness for approximately 1 week following 
the accident, which followed by continuing strug-
gles with language that were reportedly preventing 
her from returning to work. Her treating neurolo-
gist referred her for a neuropsychological evalua-
tion of the reported language changes 7 weeks 
following the accident. The contents of medical 
records sent by the physician confi rmed the 
patient’s description of the injury and her initial 
symptoms. She was described by emergency room 
staff as exhibiting language diffi culties during her 
visit, which resulting in a GCS score of 13/15. 

 At the time of the clinical interview, the patient 
reported that her language diffi culties had contin-
ued to be a problem for her. She brought a written 
list of symptoms to the appointment describing in 
detail instances where she said “funny word 
things” or developed a tendency to “freeze” before 
speaking. She described the occurrence of lan-
guage errors “at least once per day.” She also noted 
problems with reading and spelling. She felt as if 
her thoughts were “scrambled.” She had not yet 
determined whether she was going to retain the 
services of a lawyer in relation to the accident. 
Prior to any testing, the examiner informed the 
patient that the range of symptoms she was describ-
ing, and particularly those involving language, was 
very atypical for the effects of an MTBI. Following 
testing, she was shown a table of the most com-
monly reported MTBI symptoms listed in a scien-
tifi c research publication and was given a copy of 
that publication in addition to an informational 
packet on common effects of MTBI [ 50 ]. 

 Test results for this patient are listed in Table  5 . 
Her scores on cognitive tests were primarily 
above average in relation to appropriate norms. 
Language tests of repetition, auditory compre-
hension, naming, and verbal fl uency were added 
to the battery and her performances on these were 
all well within normal limits. While a high level 

of symptom reporting was seen on the PCS-R 
with most of the endorsed items relating to cogni-
tive diffi culties, only minimal elevations were 
seen on the two Beck inventories. There were 
almost no elevations seen on any scales in the 
MMPI-2-RF profi le. 

 The patient returned to the offi ce for a feed-
back session 1 week after the evaluation and 
informed the examiner that all of her language 
symptoms had resolved since the last meeting. 
She was informed of her strong performance on 
the neuropsychological test battery and was reas-
sured that any residual symptoms would soon 
clear and that no persistent symptoms would be 
expected by the time she reached a point of being 
2 months following the accident. She reported 
that she had arranged a return to work on a part- 
time basis for the following week with a full, 
anticipated return thereafter. At a time point that 
was 8 months following the accident, the patient 
contacted the neuropsychologist through a 
Linked-In message indicating her continued 
symptom-free status with thanks for the care she 
received at the time of the assessment.  

    Case 3: Military Setting 

 The story of Case 3 highlights the complex nature 
of neuropsychological evaluations performed on 
veterans returning from Iraq and Afghanistan 
along with the many complications introduced by 
comorbid psychiatric factors and reconstruction 
of injuries sustained in the remote past. The vet-
eran is a 27-year-old Hispanic (bilingual, primar-
ily English-speaking) male who served as a 
Marine for two 18-month tours of duty in Iraq 
between 2004 and 2008. He reported that he was 
a participant in direct combat with opposing 
forces on a number of occasions and had sus-
tained multiple small injuries to the head and one 
signifi cant impact that was the result of a crash 
while riding in an armored vehicle during the 
midst of an enemy attack. He was referred for 
neuropsychological assessment of impairment 
that was reported to prevent him from returning 
to employment as an insurance claims consultant 
2 years after his return. 
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 The veteran reported at the time of the neuro-
psychological evaluation that he was experiencing 
chronic diffi culties with attention and focusing. He 
had described these symptoms to a physician at a 
local VA hospital who had suggested that they 
might represent the effects of head injuries he had 
sustained in Iraq. When asked more questions 
about the injuries, the  veteran provided a vague 
description of the frequency with which he had 
struck his head during training or combat. He indi-
cated that he had also been loosely in the vicinity of 
IED explosions on multiple occasions. With regard 
to the armored vehicle accident, he stated that he 
had experienced at least several minutes of LOC at 
the time of the accident and was amnestic for his 
removal from the vehicle and subsequent medical 
care, which consisted of approximately 24 h of 
observation. He replied in response to attempted 
questioning that there were many other experi-
ences in Iraq that he would rather not discuss. 

 The veteran indicated that he had undergone 
some form of computer testing prior to deploy-
ment, but had no way of obtaining the results. He 
knew of no way to access records regarding his 
medical care during deployment. Contents of VA 
hospital records were consistent with what he was 
reporting during the interview. Contents of other 
records indicated that the veteran had been experi-
encing chronic nightmares and signs of anger and 
hyper-vigilance since his return from overseas. His 
wife reported that it had been more diffi cult to 
get along with him following his return. He reported 
increasing diffi culties with concentration 1 year 
into his job at the insurance company. He often 
complained of anger at the customers. The reported 
symptoms began to worsen once he started 
 discussing the possible effects of the injuries he 
had experienced during the two tours of duty. 

 Neuropsychological test results from this 
 veteran (see Table  5 ) were indicative of some mild 
and nonspecifi c weaknesses on tests of attention. 
His memory performance was relatively intact. No 
decrements were seen among his scores on PVT. 
There were mild elevations on measures of PCS 
symptoms and mood. The veteran was also admin-
istered the PTSD Checklist (PCL-M), which 
resulted in a score (raw score = 77) that was well 
above most standard clinical cutoffs. The MMPI-

2-RF profi le was marked by a high score on the 
infrequency scale (F-r,  T  = 90) but no elevations 
were seen among other validity scales. Elevated 
scores were observed on three of the routine clini-
cal scales. The results of the  neuropsychological 
evaluation were considered indicative of PTSD. 
Recommendations were made to focus on treat-
ment of the PTSD and to explain to the veteran 
through ongoing treatment the complex nature 
between that condition and the effects of MTBI.   

    Conclusions 

 In spite of all the reputed complexities, the neuro-
psychological evaluation of individuals following 
MTBI amounts to testing cognitive functioning 
and symptom reporting, evaluating the validity of 
those tests, and integrating the results with infor-
mation obtained through the interview and a 
review of medical records. While the context of 
the injury, characteristics of the injured parties, 
and the access to independent documentation will 
vary across settings, the neuropsychologist’s role 
and the methodology employed remains rela-
tively standard. The ultimate goal is to provide an 
evidence-based opinion on the nature and cause 
of the reported symptoms and to provide recom-
mendations for the most appropriate form of 
treatment. 

 Philosophical views on MTBI and the nature 
and pattern of its recovery vary widely among 
neuropsychologists, as they do among most other 
health care professionals. However, it is impor-
tant to be reminded that the available scientifi c 
evidence indicates rather overwhelmingly that 
the physiological effects of a single injury classi-
fi ed as MTBI are short lived in nature and the vast 
majority of the individuals sustaining these inju-
ries recover within a matter of a few weeks or 
less. While there remains an active pursuit of bio-
markers for the acute and longer-term effects of 
MTBI, there are as of yet no data indicating that 
information obtained from any blood tests or 
advanced neuroimaging techniques can be used 
in a valid manner to establish the diagnosis in an 
individual subject reporting chronic symptoms 
following an MTBI. 
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 Given our current knowledge on the risk fac-
tors, comorbidity, and psychosocial stresses seen 
in patients reporting long-term effects of MTBI, 
it is clear that psychological factors play a major 
role in those patients classifi ed as having PCS. 
Neuropsychologists, by nature of their focus on 
the study of brain–behavior relationships and the 
combined infl uence of psychological factors, are 
uniquely qualifi ed to evaluate patients following 
MTBI and to offer qualifi ed opinions on the etiol-
ogy of PCS and what about it might be “neuro” 
versus what is “psychological.” A full under-
standing of the syndrome will arise only from 
efforts at combining these two factors.     
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    Abstract  

  Mild traumatic brain injury (mTBI) and its congnitive sequelae (or lack 
thereof) are a source of controversy within the fi eld of neurcpsychology. 
A primary reason for this controversy is that research examining neurocongi-
tive function in mTBI historically has failed to include performance validity 
tests (PVTs), which resulted in individuals not performing to true capability 
being retained in study samples. This chapter summarizes newer research on 
cognitive outcome in mTBI, and illustrates use of miltiple PVTs and person-
ality test data in the identifi cation of noncredible test takers.  
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        Overview of This Chapter 

 Mild traumatic brain injury (mTBI) and its cog-
nitive sequelae (or lack thereof) are a source of 
great controversy within the fi eld of neuropsy-
chology [ 1 – 3 ]. It is our belief that one of the pri-
mary reasons for this controversy is that research 
examining cognitive function in mTBI has often 

failed to include performance validity tests 
(PVTs) [ 4 ], which has resulted in individuals not 
performing to true capability being retained in 
the samples. Conclusions regarding the presence 
of neurocognitive defi cits can only be defi nitive 
if performance validity has been verifi ed. 

 This chapter will discuss how to best examine 
for negative response bias in neuropsychological 
evaluations in mTBI. We will begin by discussing 
the importance of performance validity testing in 
mTBI by presenting some prevalence data on 
malingering in the context of mTBI, and by high-
lighting some of the problems within the current 
literature that have led to erroneous conclusions 
regarding the presence of long-term cognitive defi -
cits in this population. We will also review well-
designed research that has included PVTs, and we 
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will make the case that these studies are more accu-
rate in their conclusions regarding cognitive 
sequelae of mTBI. We will then discuss different 
methods that clinicians can use to detect noncredi-
ble symptoms, and we will include a section on the 
relevant terminology and statistical information 
needed to interpret failures on PVTs. Also tackled 
will be the interpretation of multiple PVTs used in 
tandem, as well as the types of response bias indi-
cators that may be especially sensitive in individu-
als claiming mTBI. In addition to cognitive indices, 
we will briefl y examine the use of personality 
inventories, behavioral observations, atypical data 
patterns, and other methods to aid in the detection 
of noncredible performance/malingering. Cases 
from our own work will be referenced to provide 
real-life examples of noncredible performance in 
mTBI. We will conclude with an overview of our 
comprehensive approach to the detection of malin-
gering in mTBI.  

    Prevalence of Cognitive Symptom 
Feigning in mTBI 

 Rates of malingering/negative response bias in 
claimed mTBI vary somewhat, but most esti-
mates in the context of litigation hover at approx-
imately 40 % [ 5 ,  6 ]. Although compensation- 
seeking status is often used as the criterion for 
determining whether or not to include PVTs in 
one’s neuropsychological battery, there is evi-
dence that non-compensation-seeking individu-
als with mTBI may also fail PVTs. We have seen 
active duty service members present for evalua-
tion in a clinical context and produce PVT fail-
ures, when the only apparent secondary gain was 
avoidance of further combat deployment. In fact, 
PVT failure rates of 58 % have been reported in 
U.S. veterans claiming mTBI and with no osten-
sible secondary gain [ 7 ]. A recent study examin-
ing military veterans with a self-reported history 
of mTBI and no motive to feign (participants 
were recruited specifi cally and solely for the 
research project) found that PVT scores better 
explained performance on cognitive tests than 
did demographic characteristics and so-called 
“postconcussive” symptoms [ 8 ]. Therefore, it is 

important to utilize PVTs routinely, even when 
there is no apparent secondary gain, particularly 
when evaluating mTBI patients [ 9 ,  10 ].  

    Research Literature on Long-Term 
Neurocognitive Functioning 
After mTBI 

 A longstanding “myth” in neuropsychology is that 
10–15 % of mTBI patients exhibit long-term, fre-
quently disabling, neurocognitive abnormalities 
[ 11 ]. This assertion appears in litigation testimony, 
but when the expert is pressed, rarely can a 
research citation be provided. When a research 
publication is proffered, it is usually Alexander’s 
1995 article [ 12 ], a review of mTBI, which cites 
two references in support of the conclusion that 
10–15 % of individuals who have sustained a 
mTBI do not recover. However, examination of the 
primary sources shows that they do not in fact sup-
port the statement. Specifi cally, in the Rutherford, 
Merrett, and McDonald study [ 13 ], presence of 
cognitive dysfunction was based on self-report, 
not objective testing, and of the 15 % who claimed 
continuing symptoms, almost half were involved 
in a lawsuit and/or judged to be malingering. 
Obviously, documentation of any actual long-term 
problems in mTBI cannot be based on a sample 
which has motive to feign symptoms and is in fact 
suspected of malingering. In the second study 
[ 14 ], the sample included some moderately severe 
head injury patients, and while a subset of subjects 
continued to report symptoms, no defi cits were 
detected on objective testing at 1 month post 
injury. Determination of persistent cognitive 
abnormalities after mTBI cannot be based on self-
report, given the large literature showing little cor-
respondence between self-report of cognitive 
dysfunction and objective test data [ 15 – 17 ], and 
certainly conclusions regarding chronic cognitive 
abnormalities after mTBI cannot be based on a 
sample with moderate TBI. 

 Other studies in addition to the Rutherford 
et al. [ 13 ] and McLean et al. [ 14 ] investigations 
have concluded, based solely on patient self- 
report, that long-term cognitive symptoms are 
present after mTBI [ 18 ]. However, as noted 
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above, a large literature shows very little corre-
spondence between self-report and cognitive 
abnormalities identifi ed on objective testing. 
Further, data show that the way in which one 
solicits information regarding postconcussive 
symptoms affects symptom reporting. For 
instance, Villemure and colleagues found that 
patients who were allowed to freely report symp-
toms reported fewer symptoms than did those 
who were queried regarding presence of specifi c 
symptoms [ 19 ,  20 ]. 

 Some publications have utilized objective test 
data to claim that long-term effects of mTBI 
include memory loss [ 21 ], communication diffi -
culties [ 22 ] including decreased verbal fl uency 
[ 23 ,  24 ] and defi cits in narrative discourse pro-
duction [ 25 ], decreases in complex attention [ 26 ] 
and working memory [ 24 ], mental fatigue and 
processing speed abnormalities [ 21 ,  27 ], and 
reduced occupational attainments (based on 
 military duty status) [ 28 ]. However, the above 
studies have generally either not administered 
PVTs [ 21 – 23 ,  25 – 28 ], and/or have failed to con-
sider and report data on presence of secondary 
gain [ 22 – 27 ]. Further, those that have utilized 
PVTs have typically only administered a single 
measure of response bias, often with limited sen-
sitivity (e.g., Test of Memory Malingering 
[TOMM]) [ 24 ], resulting in retention of an 
unknown percentage of noncredible individuals 
in the sample. Additionally, some studies that 
administered PVTs failed to ascertain or report 
whether compensation- seeking was present [ 29 ], 
which, given that no PVT has perfect sensitivity 
(i.e., 100 % detection of noncredible individu-
als), raises the probability that noncredible sub-
jects were not completely excluded from the 
samples. Finally, studies have been contaminated 
by selection bias (i.e., only those individuals con-
tinuing to report symptoms present for evalua-
tion) [ 30 ], “diagnosis threat” (i.e., studies that 
specifi cally recruit for subjects who “have” mTBI 
observe lower cognitive performances than those 
studies using “neutral” recruitment language) 
[ 31 ,  32 ], and failure to consider comorbid condi-
tions (e.g., depression) [ 33 ]. 

 We in fact could not identify any study pur-
porting to describe long-term defi cits in mTBI 

that did not suffer from at least some of the above 
methodological limitations. In contrast, there are 
now at least fi ve meta-analyses and one review 
showing that there is no long-term cognitive 
compromise in mTBI [ 4 ,  34 – 39 ]. Additionally, 
an authoritative book examining the extensive lit-
erature on mTBI concluded that there are no 
long-term cognitive defi cits associated with this 
condition [ 40 ]. 

 Evidence is emerging that persistent cognitive 
complaints and defi cits following mTBI are 
related to other factors, such as compensation- 
seeking status. One of the widely cited meta- 
analyses, involving 1,463 mTBI cases and 1,191 
healthy controls, reported that cognitive func-
tioning in individuals with mTBI improves to 
baseline within 3 months, with the exception of 
those in litigation, who either remain stable or 
worsen over time [ 4 ]. Similarly, Carroll et al. 
[ 36 ], based on data from 120 peer-reviewed 
 studies, concluded that mTBI resolves fully 
 relatively quickly and only individuals seeking 
compensation and/or in litigation exhibit long-
term cognitive symptoms. Bianchini and col-
leagues [ 41 ] found that compensation-seeking 
individuals with mTBI were more likely to fail 
PVTs and to produce elevated FBS scores on 
the MMPI-2 than were mTBI patients not seek-
ing  compensation; even compensation-seeking 
individuals who had sustained a moderate to 
severe TBI were less likely to fail SVTs than 
their mTBI counterparts. 

 Rohling and colleagues [ 38 ] suggest that addi-
tional noninjury factors (e.g., pain, poor effort, 
premorbid psychiatric dysfunction) must be con-
sidered when an individual continues to report 
and/or exhibit cognitive symptoms beyond the 
initial 3-month post-injury period. For example, 
Kashluba and colleagues [ 42 ] reported that 
compensation- seeking status and pre-existing 
psychiatric problems were the only predictors of 
long-term cognitive complaints after mTBI. 
Similarly, two additional studies observed that 
“postconcussive” symptoms and/or failure on 
PVTs and associated poor performance on cogni-
tive tests were related to emotional distress or 
pre-existing psychiatric problems [ 43 ,  44 ]. Hoge 
et al. [ 45 ], surveying a large sample of recently 
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returned veterans, found that while soldiers with 
reported histories of mTBI were more likely to 
report somatic and postconcussive symptoms 
than their counterparts with no reported mTBI 
history, after controlling for psychiatric symp-
toms (posttraumatic stress disorder [PTSD] and 
depression), mTBI was no longer associated with 
these symptom reports, with the exception of 
headache. Rapaport et al. [ 46 ] and Chamelian and 
Feinstein [ 47 ] observed that in patients with mild 
and moderate TBI, those with major depression 
had more complaints of cognitive dysfunction 
and poorer scores on tests of processing speed, 
verbal memory, and working memory/executive 
function, but the latter disappeared when the 
impact of depression was controlled, leading 
Chamelian and colleagues to conclude that “in 
mild to moderate TBI, subjective cognitive defi -
cits are linked in large measure to comorbid 
major depression” ([ 47 ], p. 33). As further evi-
dence of the role of psychiatric issues in the 
maintenance of “mTBI” symptoms, Fann et al. 
[ 48 ] reported improvement in cognitive func-
tion post-mTBI with treatment of depression. 
A recent study of Vietnam veterans found that 
comorbid psychiatric disorders, including Major 
Depression, PTSD, and Generalized Anxiety 
Disorder, led to higher rates of “postconcussive” 
symptom endorsement than did a history of mTBI 
[ 49 ]. Similarly, Verfaellie et al. [ 50 ] documented 
that PTSD and depression symptoms  better 
explained self-reported “postconcussive” symp-
toms in a sample of recent military veterans than 
did injury characteristics. History of sexual abuse 
has also been found to be associated with mTBI-
related cognitive abnormalities [ 51 ]; although  n ’s 
were small, subjects with histories of mTBI only 
underperformed in working memory, but pres-
ence of both mTBI and history of sexual abuse 
was associated with additional losses in executive 
function and memory. Finally, there is some evi-
dence that “diagnosis threat” may impact an indi-
vidual’s display of “postconcussive” symptoms; a 
recent study of undergraduates with histories of 
mTBI found that male participants tended to 
exhibit poorer performances upon cognitive test-
ing when placed in the “diagnosis threat” condi-

tion (i.e., specifi cally informed that individuals 
with histories of mTBI underperform on cogni-
tive measures) as compared to individuals who 
did not receive this information [ 52 ]. 

 The effect of noninjury factors may even be 
present in the acute stages of recovery following 
mTBI (i.e., <3 months post-injury). In a 2010 
study by Lange and colleagues [ 53 ], 
compensation- seeking individuals an average of 
2 months post-injury who failed the TOMM pro-
duced higher ratings on a postconcussive symp-
tom report scale than those who passed the 
TOMM; those who passed the PVT performed 
within normal limits on cognitive measures, 
whereas those failing the TOMM performed 
poorly on measures of attention, memory, and 
executive functioning. Cooper et al. [ 54 ] observed 
that in military personnel who sustained mTBI an 
average of 2 months prior to evaluation, equivo-
cal weakness in attention and processing speed 
(scores remained within normal limits) were 
moderated in large part by usage of narcotic 
 medications. A separate study examining indi-
viduals an average of 4.5 days post-mTBI docu-
mented expected acute cognitive weaknesses but 
also found that postconcussive symptom report 
was related to emotional distress [ 55 ]. 

 Overall, postconcussive symptoms have been 
shown to be too nonspecifi c to be reliably linked 
to mTBI, given that these symptoms are often 
reported in individuals with no history of mTBI; 
in a 2010 study [ 56 ], 74 % of healthy individuals 
reported seven or more postconcussive-like symp-
toms, and individuals with Beck Depression 
Inventory-II (BDI-II) [ 57 ] scores above 14 exhib-
ited scores on the British-Columbia Postconcussion 
Symptom Inventory [ 58 ] at more than double the 
mean of those with lower BDI-II scores.  

    Detection of Noncredible Cognitive 
Symptoms in mTBI 

  Statistical Terminology.  In order to fully interpret 
PVT performance, the clinician must have an 
understanding of sensitivity and specifi city. 
Sensitivity refers to the ability of a measure to 
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correctly classify individuals with a particular 
condition. In the case of PVTs, it refl ects the per-
centage of noncredible individuals detected as 
noncredible (true positives). Specifi city, on the 
other hand, refers to the measure’s ability to cor-
rectly identify patients who do not have the con-
dition. In the case of PVTs, specifi city indicates 
the percentage of credible individuals who are 
correctly classifi ed as credible. Sensitivity and 
specifi city are interrelated, such that as cut-offs 
are set to increase sensitivity, specifi city 
decreases, and vice versa. PVT cut-offs are tradi-
tionally selected to maximize specifi city; the 
general standard is to set specifi city at ≥90 % so 
that at most only 10 % of credible patients are 
misclassifi ed, which refl ects the position held in 
the fi eld that it is more important to protect cred-
ible individuals from being incorrectly labeled as 
noncredible than to allow noncredible individuals 
to remain undetected [ 59 ]. The clinician should 
strive to utilize PVTs that have high sensitivity 
while maintaining adequate specifi city. Several 
indicators of negative response bias meet or 
exceed ≥70 % sensitivity while allowing ≤10 % 
false positive identifi cations, such as the 
Warrington Recognition Memory Test—Words 
[ 60 ], Rey-Osterrieth Effort Equation [ 61 ], Digit 
Symbol Recognition [ 62 ], Rey Auditory Verbal 
Learning Test (RAVLT) Effort Equation [ 63 ], 
Rey-Osterrieth (RO)/RAVLT discriminant func-
tion [ 64 ], and Dot Counting [ 65 ]. 

 The clinician might ask, why not choose 
PVTs that can detect all noncredible subjects? 
Noncredible subjects are not homogenous in 
feigning strategies [ 66 ], and as a result, no single 
PVT will capture all noncredible presentations. 
Because PVTs do not have 100 % sensitivity, a 
negative fi nding on a measure does not necessar-
ily assure that a patient is in fact performing to 
true capability. For example, if sensitivity at a 
given PVT cut-off is 60 %, then 40 % of non-
credible subjects will not be detected. As dis-
cussed below, the error in classifi cation present 
in any single PVT can often be circumvented by 
use of multiple PVTs sampling various cognitive 
domains (and therefore differing feigning 
strategies). 

  Classifi cation of PVTs.  PVTs can be classifi ed in 
a number of ways—embedded vs. free- standing, 
forced choice vs. nonforced choice, and accord-
ing to the type of apparent cognitive skills 
required. We will examine each of these classifi -
cations in turn. 

    Embedded Versus Free-Standing 

 Practice guidelines for the assessment of non-
credible cognitive performance indicate that both 
free-standing and embedded PVTs should be 
employed (American Academy of Clinical 
Neuropsychology [ 10 ]). Dedicated PVTs are 
those that have the single purpose of assessing 
response bias (e.g., TOMM [ 67 ]). In contrast, 
embedded PVTs are those that have been derived 
from standard cognitive measures that have pri-
mary purposes in the assessment of specifi c cog-
nitive skills (e.g., California Verbal Learning 
Test-II (CVLT-II) Forced Choice [ 68 ]; Reliable 
Digit Span (RDS) on WAIS-III Digit Span [ 69 ]). 

 There are pros and cons to consider for both 
types. Dedicated measures may have more 
 extensive published validation data than do 
 embedded measures. On the other hand, embed-
ded indicators have several advantages. First, they 
are not as susceptible to coaching/education as are 
free- standing measures. Specifi cally, internet 
searches on names of free-standing PVTs will 
reveal their use as measures of response bias, but 
searches on standard cognitive tests will show their 
primary use as measures of neurocognitive func-
tion. Individuals attempting to portray themselves 
as more impaired than is actually the case on an 
embedded PVT will have to navigate around the 
PVT component to demonstrate credibility but at 
the same time underperform on the standard scores 
to display dysfunction, a complicated endeavor. 
Embedded indicators also do not add time to test 
battery administration; on the other hand, some 
free-standing measures (e.g., Victoria Symptom 
Validity Test (VSVT) [ 70 ]) require 15 min or more 
to administer. Finally, embedded measures allow 
the clinician to obtain data on response bias in 
“real-time”; in other words, if each cognitive test 
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contains an embedded indicator, information is 
available regarding response bias for each task, 
rather than having to rely on PVT data adminis-
tered at a different point in the exam. This is espe-
cially important because response bias may 
fl uctuate across an evaluation [ 66 ].  

    Forced Choice Versus 
Nonforced Choice 

 In forced choice tasks, a series of stimuli (typically 
visual; either verbal or nonverbal) are presented 
sequentially, and at the conclusion, test takers are 
administered trials in which a previously presented 
stimulus is paired with a novel stimulus, with sub-
jects requested to identify, for each pair, the item to 
which they were previously exposed. 

 The forced choice paradigm assesses for 
recognition memory, and in fact is very easy 
although appears diffi cult to the test taker 
because of the volume of material presented 
(often 50 stimuli; e.g., TOMM [ 67 ]; Warrington 
Recognition Memory Test—Words [ 60 ]). 
Because an individual who has never seen the test 
will perform at chance levels (i.e., one has a 
50/50 chance of guessing the correct answer for 
each pair), an individual performing signifi cantly 
below chance (e.g., ≤19/50) can be fairly confi -
dently classifi ed as not performing to true ability. 
This type of performance indicates that the indi-
vidual knew which answer was correct and know-
ingly chose the wrong answer (which would 
demonstrate intact memory!). However, rela-
tively few noncredible individuals actually per-
form this poorly (≤15 %) [ 60 ,  71 – 73 ]. Fortunately, 
research has shown that cut-offs can be set much 
higher while still maintaining ≥90 % specifi city, 
and thereby increasing sensitivity to ≥70 % 
(TOMM [ 74 ]; Warrington Recognition Memory 
Test—Words [ 60 ]). 

 Forced choice measures are the most widely 
used PVTs [ 65 – 77 ]. However, this widespread 
use may be a liability in that the overexposure 
makes them more vulnerable to coaching; for 
example, an attorney could simply inform a cli-
ent, “Whenever you see a test in which you have 

to pick between two choices, perform well on 
that test.” 

 Nonforced choice measures refer to tests that 
do not employ this response paradigm, and can 
include selection of correct items from a multiple 
choice format (Digit Symbol recognition [ 62 ]), 
circling items in an array (e.g., b Test [ 78 ]; Rey 
Word Recognition Test [ 79 ,  80 ]; RAVLT Effort 
Equation [ 63 ]; Rey 15-item plus recognition 
[ 81 ]; Rey-Osterrieth (RO) Effort Equation [ 82 ]), 
reproducing visual stimuli with paper and pencil 
(RO Effort Equation [ 82 ]; Rey-15 item [ 81 ]; RO/
RAVLT discriminant function [ 64 ]), verbal repe-
tition (Digit Span indicators [ 69 ]; Sentence 
Repetition [ 83 ]), providing verbal answers from 
an infi nite number of possibilities (Dot Counting 
[ 65 ]; Picture Completion [ 84 ]), and rapid motor 
movements (Finger Tapping [ 85 ]). Nonforced 
choice measures overall may be less sensitive 
than are forced choice measures, with sensitivity 
rates ranging from the 30s to the 70s (when cut-
off specifi city is set to 90 %) [ 74 ,  86 ,  87 ]. In con-
trast, cut-offs can be selected for most forced 
choice measures that will maintain at least 90 % 
specifi city and detect at least 70 % of noncredible 
test takers [ 60 ,  74 ].  

    PVTs by Cognitive Domain 

 Lastly, PVTs can be characterized according to 
the cognitive skills ostensibly measured. Most 
commonly employed PVTs involve recognition 
memory paradigms, and in fact, most individuals 
simulating cognitive defi cits from mTBI appear 
to target verbal memory tasks on which to “dis-
play” their impairments [ 60 ,  74 ]. 

 We examined PVT sensitivity rates in a large 
archival dataset of 135 mTBI test takers deter-
mined to be noncredible based on compensation- 
seeking status, failure on a least two PVTs, and 
low standard cognitive scores at variance 
with evidence of normal cognitive function in 
activities of daily living (ADLs). As shown in the 
table below, the six most sensitive performance 
validity indicators were in the domains of mem-
ory and sensory function.
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 Domains   n  
 Sensitivity 
in mTBI (%) 

 Verbal memory 
 RAVLT effort equation: ≤12 [ 63 ]  116  70 
 Warrington—words correct: 
≤42 [ 60 ] 

 108  82 

 Rey word recognition: ≤6 [ 80 ]  113  63 
 Visual memory 
 RO effort equation: ≤50 [ 61 ]  100  77 
 Rey 15-item + recognition: <20 [ 81 ]  104  39 
 Digit symbol recognition: ≤57 [ 62 ]  73  66 
 Processing speed 
 Warrington—words time: ≥207 [ 60 ]  85  59 
 Dot counting test E-score: 
≥17 [ 65 ] 

 127  53 

 B test E-score: ≥82 [ 88 ]  117  61 
 Attention 
 Digit span reliable digit span 
(RDS) ≤6 [ 69 ] 

 135  36 

 Motor speed 
 Finger tapping [ 85 ]  70; 43  40; 44 
  Men: ≤35; women ≤28 

 Visual perceptual 
 Picture completion [ 84 ]  43  56 
  Most discrepant index ≤2 
 Sensory 
 Finger Agnosia errors: >3 [ 89 ]  44  66 

   The following case examples illustrate the 
heterogeneity in negative response bias displayed 
by noncredible mTBI test takers. The fi rst case 
example involves a noncredible test taker claim-
ing cognitive dysfunction secondary to compli-
cated mTBI who demonstrated noncredible 
performance only on memory PVTs. However, as 
is shown in subsequent examples described 
below, some noncredible mTBI patients adopt 
feigning strategies other than poor memory 
performance. 

  Case #1: Feigned Memory/Attention Impairment:  
The patient was a 65-year-old male who had 
worked in food service and who had completed 
an Associate’s degree; he was tested 7 years post 
complicated mTBI. Glasgow Coma Scale (GCS) 
was initially 13/14, but improved to 15 while still 
in the emergency department; a severe brachial 
plexus injury left the patient with an inability to 
use his left arm. Initial brain imaging was nor-

mal, but the following day, a small subarachnoid 
hemorrhage was noted as well as small petechial 
hemorrhages. On examination the patient failed 
all PVTs involving verbal (Warrington Words: 
total = 27, 214″ [ 60 ]; WMS- III Logical Memory 
Effort Equation = 37 [ 90 ]; RAVLT Effort 
Equation = 4 [ 63 ]; RO/RAVLT discriminant func-
tion = −2.538 [ 64 ]; Rey Word Recognition = 5 
[ 79 ,  80 ]) and visual (Digit Symbol recogni-
tion = 47 [ 62 ]; RO Effort Equation = 44 [ 61 ,  82 ]) 
memory, but scored within normal limits on 
PVTs involving attention (Digit Span Age-
Corrected Scaled Score (ACSS) = 10, RDS = 9; 
3-digit time = 1″ [ 69 ]), visual perception (Picture 
Completion Most Discrepant Index = 6 [ 84 ]), and 
processing speed (Dot Counting Test E-score = 7 
[ 65 ]; b Test E-score = 36 [ 78 ,  88 ]). Standard cog-
nitive scores were normal with the exception of 
variable scores in verbal and visual memory and 
some timed tasks. 

  Case #2: Feigned language impairment:  The 
patient was a 36-year-old female with 
 approximately 12 years of education who was 
suing for damages sustained in a motor vehicle 
accident 3 years previous to exam; her presenta-
tion is described in more detail in Cottingham 
and Boone [ 91 ]. She claimed mTBI and  presented 
with prominent language symptoms that contin-
ued to evolve and worsen over time, including 
decreased word-retrieval, dysarthria, telegraphic 
speech, loss of prosody, diffi culty deciphering 
written words, emergence of an Eastern 
European-type “foreign accent,” and English as a 
Second Language (ESL) grammatical errors 
(“How you say?”). However, interestingly, on 
examination, articulation errors were inconsis-
tent (e.g., “turkey” was sometimes pronounced 
correctly and at other times was pronounced as 
“tur’keen” and “den tur’kee’un”) and overlearned 
number labels were not used (e.g., “eleven” was 
pronounced “one-one”). Neuropsychological test 
performance was normal with the exception 
of lowered scores on some measures involving 
verbal abilities and processing speed. The patient 
passed PVTs involving verbal (Warrington 
Words = 47 [ 60 ]; RAVLT Effort Equation = 17 
[ 63 ]; Rey Word Recognition = 9 [ 79 ,  80 ];  
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RO/AVLT discriminant function = 0.91 [ 64 ]) and 
visual (RO equation = 60 [ 61 ,  82 ]) memory, 
attention/numbers (Dot Counting E-score = 11 
[ 65 ]; Digit Span ACSS = 10, RDS = 10 [ 69 ]), and 
motor speed (Finger Tapping = 44 [ 85 ]), but 
failed indicators involving verbal repetition (time 
to repeat 3 digits = 3″, time to repeat 4 dig-
its = 4.5″ [ 69 ]), letter identifi cation (b Test 
E-score = 481.8 [ 78 ,  88 ]) and fi nger identifi cation 
(Finger Agnosia errors = 5 [ 92 ]). Had only mem-
ory PVTs been employed, there would have been 
no psychometric evidence of noncredible 
symptoms. 

  Case #3: Feigned Processing Speed and Sensory 
impairment:  The patient was a 42-year- old 
appliance repairman with 12 years of education 
who was suing in the context of claimed mTBI 
sustained in a workplace accident. On medical 
evaluation, GCS was 15 and the patient was alert 
and oriented, neurological examination was 
intact, brain imaging was normal, and the 
patient’s claims of loss of consciousness were 
not independently verifi ed. On neurocognitive 
exam 3 years after injury, the patient failed PVTs 
involving processing speed (Warrington Words 
time = 369″ [ 60 ]; time per digit on forward 
Digit Span = 1.3″ [ 69 ]), sensory function (Finger 
Agnosia errors = 5 [ 92 ]) and overlearned math 
skills (Dot Counting errors = 4 [ 65 ]), but scored 
within normal limits on measures involving 
visual memory (Rey 15-item Memorization Test 
plus recognition = 26 [ 81 ]; RO effort equa-
tion = 62 [ 61 ,  82 ]), verbal memory (Rey Word 
Recognition Test = 12 [ 79 ,  80 ]; Warrington 
Words = 46 [ 60 ]; RAVLT/RO discriminant func-
tion = 0.096 [ 64 ]; RAVLT effort equation = 16 
[ 63 ]), attention (Digit Span ACSS = 9, RDS = 8 
[ 69 ]), rapid letter identifi cation (b Test 
E-score = 74.4 [ 78 ,  88 ]), visual perception (“most 
discrepant” index on Picture Completion = 5 
[ 84 ]), and motor speed (fi nger tapping = 53.7 [ 85 , 
 93 ]), and standard cognitive scores were normal 
with the exception of scores on measures of pro-
cessing speed and sensory/motor tasks. 

  Use of Multiple PVTs in Combination.  It is 
imperative that multiple PVTs be administered 

during a neuropsychological evaluation because 
response bias may not be constant and, as illus-
trated in the cases above, noncredible test takers 
adopt differing strategies in their approach to 
feigning [ 66 ]. Further, multiple PVTs are needed 
because none have 100 % sensitivity and speci-
fi city. Therefore, if only one PVT is administered 
and a passing score is obtained, it cannot be 
defi nitively concluded that the patient is perform-
ing to true capability because the individual may 
fall within the subset of noncredible individuals 
who in fact pass the test. Likewise, failure on a 
single PVT administered cannot be used as defi n-
itive evidence of feigning in that cut-offs are set 
to allow a small subset of credible patients to fail 
(the exception would be cut-offs set to 100 % 
specifi city). 

 Rather than confusing the situation, adminis-
tration of increasing numbers of PVTs actually 
provides the clinician with more confi dence in 
conclusions regarding credibility of performance 
[ 94 ]. That is, research has shown that failure on 
two PVTs meets or exceeds 95 % specifi city, and 
three failures results in near perfect specifi city 
(≥98.5 %) [ 5 ,  95 – 97 ]. We frequently encounter 
mTBI plaintiffs who fail 8, 9, 10, 11, and even 12 
PVTs, which is incontrovertible evidence of neg-
ative response bias. 

 Because embedded PVTs do not involve 
 additional test administration time, their use best 
realizes the goal of substantially increasing avail-
able PVT data. The following three mTBI cases 
illustrate how examination of embedded PVT 
data moved the likelihood of symptom feigning 
from probable to defi nitive. 

  Case #4:  The patient was a 39-year-old male 
attorney involved in a motor vehicle accident 5 
years previous; he did not sustain loss of con-
sciousness, head was atraumatic on evaluation, he 
was alert/fully oriented, and he did not complain 
of head symptoms in the emergency department; 
brain CT and MRI were normal. He subsequently 
returned to work, often billing 15 h in a single 
day. On neurocognitive examination, he failed 
two of fi ve dedicated performance validity tests; 
specifi cally, he failed the Warrington Recognition 
Memory Test (Words: 29/50; 11′44″) [ 60 ] and the 
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Rey Word Recognition Test (4) [ 79 ,  80 ], but 
passed Dot Counting (E-score = 15) [ 65 ], the b 
Test (E-score = 59) [ 79 ,  88 ], and Rey 15-item plus 
recognition (24) [ 81 ]. 

 However, he was also not credible on six of 
six    standard cognitive tests sensitive to feigned 
performance: Finger Tapping dominant hand (38; 
cut-off for TBI males) [ 85 ], Digit Span (ACSS = 5, 
RDS = 7, mean time to recite 3 digits = 3″) [ 69 , 
 98 ], RO Equation (30) [ 61 ,  82 ], RAVLT indices 
(Effort Equation = 4 [ 63 ]; RO/RAVLT discrimi-
nant function = −1.775 [ 64 ]), Picture Completion 
Most Discrepant Index (1) [ 84 ], and Finger 
Agnosia errors (4) [ 92 ]. 

 Results of standard neurocognitive testing 
showed impaired scores in visual perception/con-
structional skill, verbal and visual memory, and 
fi nger dexterity, while borderline scores were 
documented in attention/processing speed; no 
scores were within normal limits. 

 What did the embedded PVTs contribute? 
Failure on two of fi ve dedicated PVTs would be 
associated with 95 % specifi city, but failure on 
eight total indicators increases specifi city to 
100 %. Further, the patient failed free-standing 
PVTs only involving verbal memory, but the 
failed embedded indicators revealed he was also 
underperforming in attention, processing speed, 
visual perception/memory, and motor sensory 
function, and showed that his symptom feigning 
strategy involved underperformance in most neu-
rocognitive domains. 

  Case #5:  This patient was a 52-year-old male 
general contractor with 12 years of education 
who was involved in a motor vehicle accident 3 
years previous to exam. He reported loss of con-
sciousness of unknown duration in the collision, 
but medical records indicated that he did not in 
fact lose consciousness and was ambulating at 
the scene, and he did not have any head com-
plaints in the emergency department. The patient 
returned to work briefl y, and then claimed cogni-
tive symptoms interfered with ability to run his 
business. On neurocognitive examination, he 
failed one of four dedicated PVTs; specifi cally, 
he failed the Warrington Recognition Memory 
Test (Words = 39; 190″) [ 60 ], but passed the Rey 

Word Recognition Test (7) [ 79 ,  80 ], the Dot 
Counting Test (E-score = 10) [ 65 ], and the Rey 
15-item plus recognition (30) [ 81 ]. 

 However, he failed fi ve of seven standard cog-
nitive tests sensitive to feigned performance, 
namely, Finger Tapping dominant hand (37, cut- 
off for head injured males) [ 85 ], Digit Symbol 
recognition (57) [ 62 ], RO Equation (49) [ 61 ,  82 ], 
RAVLT indices (Effort Equation = 8 [ 63 ]; RO/
RAVLT discriminant function = −1.538 [ 64 ]), 
and Picture Completion Most Discrepant Index 
(2) [ 84 ], but passed Finger Agnosia errors (3) 
[ 92 ] and Digit Span variables (ACSS = 10, 
RDS = 10, mean time to recite 3 digits = 1″) [ 69 ]. 

 On standard neurocognitive testing, average 
scores or higher were obtained in attention, math 
skills, problem-solving/reasoning, visual spatial/
constructional skill, language (word-retrieval), 
and visual memory, while low average scores 
were found in processing speed, borderline scores 
were present in verbal recall, and impaired range 
performance was documented in motor dexterity. 

 What did the embedded PVTs contribute? 
Failure on one dedicated PVT is associated with 
only 59 % specifi city, but failure on six total indica-
tors increases specifi city to 100 %. Additionally, 
the failed dedicated PVT only involved verbal 
memory, but the embedded indicators revealed the 
patient was also underperforming in processing 
speed, visual perception/memory, and motor 
function. 

  Case #6:  This 28-year-old male employed in 
computer sales and attempting to complete a col-
lege degree was involved in a motor vehicle acci-
dent 3.5 years previous to testing. He exhibited 
amnesia for the event, but GCS was 15 at the 
scene, and brain imaging normal. He returned to 
school and work full-time, but claimed symp-
toms interfered with ability to function, although 
there was no change in grades from pre- to post- 
injury and no poor work evaluations post-injury. 

 On neurocognitive examination, the patient 
failed one of fi ve dedicated PVTs; specifi cally, he 
failed only the b Test (E-score = 1,157) [ 78 ,  88 ], 
while passing the Warrington Recognition 
Memory Test (Words = 46) [ 60 ], Rey Word 
Recognition Test (9) [ 79 ,  80 ], Dot Counting Test 
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(E-score = 14) [ 65 ], and Rey 15-item plus recog-
nition (29) [ 81 ]. 

 However, the patient also exhibited noncredi-
ble performance on three of seven standard cogni-
tive tests sensitive to feigned performance, 
including Finger Agnosia errors (8) [ 92 ], the RO/
RAVLT discriminant function (−0.798) [ 64 ], and 
Picture Completion Most Discrepant Index (2) 
[ 84 ], but passed the RAVLT Effort Equation (13) 
[ 63 ], Finger Tapping dominant hand (52) [ 85 ], 
Digit Symbol recognition (138) [ 62 ], RO effort 
equation (59) [ 61 ,  82 ], and Digit Span variables 
(ACSS = 13, RDS = 13, mean time to recite 3 
 digits = 1″) [ 69 ]. 

 On standard neurocognitive tests, average 
scores or better were documented in basic atten-
tion, constructional skill, visual memory, execu-
tive skills, language, and right hand motor 
dexterity, while low average/average scores were 
noted in processing speed, low average perfor-
mance was found in left hand dexterity, and 
impaired scores were observed in verbal memory. 

 What did the embedded PVTs contribute? Like 
case #5, failure on a single free-standing PVT 
would be associated with a false-positive identifi -
cation rate of 41 %, but failure on four total indi-
cators increases specifi city to 100 %. The single 
PVT failure occurred on a measure of processing 
speed/overlearned information, but the additional 
failed embedded PVTs also showed that the 
patient was underperforming in visual perception, 
verbal memory, and sensory function. 

 In cases 4 through 6, extra information was 
obtained, and specifi city was increased, at no 
“extra cost” in terms of test administration time. 
The use of multiple PVTs provides more confi -
dence in conclusions, and rather than complicat-
ing test interpretation, data from many PVTs 
bring results into “sharp focus.” Data from mul-
tiple PVTs best protect credible patients from 
being labeled as noncredible, particularly when 
≥3 PVT failures are required. 

 Ideally, it would be preferable if each cognitive 
measure included an embedded performance 
validity indicator so that data regarding credibility 
could be gathered in “real time.” The explosion of 
literature on embedded PVTs [ 99 – 101 ] shows that 
we are on well on the way to achieving this goal. 

  Personality Inventories (MMPI-2-RF, PAI, MCM-
III).  In addition to PVTs requiring cognitive per-
formance, personality inventories can provide 
information regarding cognitive symptom over- 
report in individuals presenting with mTBI. In 
particular, literature exists on the Minnesota 
Multiphasic Personality Inventory-2-Restructured 
Form (MMPI-2-RF) [ 102 ], the Personality 
Assessment Inventory (PAI) [ 103 ], and the Millon 
Clinical Multiaxial Inventory, Third Edition 
(MCMI-III) [ 104 ]. 

 The MMPI-2-RF [ 102 ], the recently published 
and psychometrically advanced version of the 
MMPI-2 [ 105 ], appears to show particular prom-
ise in identifying noncredible symptom report in 
mTBI. A recent study conducted by Youngjohn 
and colleagues [ 106 ] examined litigants with 
claimed mTBI ( n  = 55), complicated mTBI 
( n  = 13), and moderate/severe TBI ( n  = 14). Thirty-
four of the entire sample failed at least one cogni-
tive PVT (noncredible group), and 48 failed none 
(credible group). The authors found that FBS-r 
(Symptom Validity scale) successfully discrimi-
nated credible from noncredible litigants of all 
TBI severity levels, but also that the Neurologic 
Complaints (NUC), Head Pain Complaints 
(HPC), Gastrointestinal Complaints (GIC), and 
Malaise (MLS) scales predicted PVT failure, with 
the most variance in neurocognitive PVT perfor-
mance accounted for by MLS. Interestingly, 
mTBI litigants were more likely to produce higher 
scores on HPC than were their complicated mTBI 
and moderate/severe TBI counterparts. 

 Jones and Ingram [ 107 ] examined several of 
the validity scales on the MMPI-2 [ 105 ] and 
MMPI-2-RF [ 102 ] in a mixed sample of 288 
active duty military personnel, approximately 
90 % of whom had sustained mTBI. A subset of 
117 participants was judged to be engaging in 
response bias. The authors reported that that 
FBS-r, HHI (Henry-Heilbronner Index) [ 108 ], 
and RBS (Response Bias Index) [ 109 ] were bet-
ter at discriminating between credible and non-
credible participants than were the Fs (Infrequent 
Somatic Responses) scale and the F-family scales 
from the MMPI-2. 

 Several of the above-described cases illustrate 
the usefulness of the MMPI-2-RF [ 102 ] in mTBI 
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evaluation. In case #3, scores on MMPI-2-RF valid-
ity scales indicated that the patient was over- 
reporting psychiatric, physical, and cognitive 
symptoms in a noncredible manner (F-r = 115T; 
Fs = 115T; FBS-r = 90T; RBS = 114T; RC1 = 99T; 
MLS = 87T; GIC = 80T; HPC = 85T; NUC = 91T; 
COG = 96T) not explained by random responding 
or inability to comprehend test questions 
(VRIN-r = 58T; TRIN-r = 50 T). Similarly, in case #4, 
MMPI-2-RF validity and clinical scales revealed 
physical, cognitive, and psychiatric symptom over-
report (FBS-r = 108T; RBS = 101T; F-r = 106T; 
RC1 = 95T; MLS = 87T; GIC = 96T; HPC = 78T; 
NUC = 91T; COG = 80T), and of interest, the low 
score on VRIN-r (42T), indicated that he was 
more careful/consistent in completing the proto-
col than the typical test taker; his extreme careful-
ness in completing the inventory would not likely 
be possible if his low cognitive scores were accu-
rate. In case #5, MMPI-2-RF validity scales did 
not indicate over-report, but the fact that the 
patient was able to complete the MMPI-2-RF in 
1 h with a low VRIN-r score (39T) would argue 
that cognitive function was likely intact. In case 
#6, physical/cognitive, and psychiatric symptom 
over-report was indicated (FBS-r = 89T; 
RBS = 90T; F-r = 83T; RC1 = 74T; MLS = 87T; 
GIC = 72T; HPC = 65T; NUC = 86T; COG = 86T). 
Thus, in most of the cases, MMPI-2-RF data pro-
vided critical information regarding veracity of 
patient symptom report. 

 A search of the literature revealed two studies 
investigating usefulness of the MCMI-III [ 104 ] 
in measuring credibility of symptom report in 
mTBI. Aguerrevere and colleagues [ 110 ] exam-
ined the response patterns of mild ( n  = 76; 71 % 
of sample) and moderate–severe TBI patients 
( n  = 31) on the MCMI-III; the groups were col-
lapsed after analyses showed that injury severity 
was not associated with differences in MCMI–III 
scale elevations. Most of the sample had second-
ary gain, and approximately half met Slick et al. 
[ 111 ] criteria for malingered neurocognitive dys-
function (presence of external incentive, PVT 
failure, and performances upon evaluation are 
markedly discrepant from functional abilities). 
The authors found that all three validity scales 

(Disclosure, Desirability, and Debasement) accu-
rately discriminated between malingerers and 
credible patients. Using the Disclosure, 
Desirability, and Debasement scales in combina-
tion (cut-offs of ≥67BR, ≤54BR, and ≥71BR, 
respectively), specifi city was 96 % with sensitiv-
ity reaching 64 %. Less promising results were 
observed in an earlier study of compensation- 
seeking individuals, 94 % of whom were claim-
ing TBI of unreported severity [ 112 ]. Thirty to 
34 percent produced PVT failure (TOMM or 
RDS), but MCMI–III sensitivity was only 1.9 % 
for the Desirability Scale (cut-off of <24), 2.9 % 
for the Disclosure Scale (cut-off of ≥85), and 
9.5 % for the Debasement Scale (cut-off of ≥85). 

 Whiteside et al. investigated the PAI [ 103 ] 
validity scales and cognitive PVTs in a mixed clin-
ical sample ( n  = 222) [ 113 ], but mTBI patients 
were not examined separately and it unclear how 
many mTBI patients were included. Additionally, 
it is unclear how many of the mTBI patients were 
evaluated in the context of secondary gain, 
although the authors report that approximately 9 % 
of their entire sample had external incentive and 
approximately 11 % failed the TOMM [ 67 ,  114 ]. 
The authors examined the relationships between 
validity scales and TOMM performance and found 
that the Negative Impression Management (NIM) 
scale and the Infrequency (INF) scale were signifi -
cantly related to poor performance on the TOMM. 
In a subsequent study by this group employing the 
same sample [ 114 ], clinical scale elevations and 
TOMM Trial 2 performance were examined. Only 
the Somatic Complaints (SOM) scale was signifi -
cantly related to TOMM Trial 2 performance. 
Among subscales on the SOM scale, the 
Conversion subscale (SOM-C) was most associ-
ated with PVT performance. A T score of >87 on 
the SOM scale detected 76 % of those patients 
exhibiting response bias on the TOMM, at 93 % 
specifi city. In fact, cases #3 and #6 above obtained 
scores of 92T and 93T, respectively, on the Somatic 
Complaints scale. 

 In conclusion, emerging data indicate an 
important role of personality inventories in docu-
mentation of symptom invalidity in the evalua-
tion of mTBI.   
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    Other Methods to Detect Feigned 
Cognitive Performance in mTBI 

  Nonplausible Changes Across Sequential 
Testings.  In addition to the foregoing methods for 
detecting noncredible performance, one should 
also be cognizant of atypical patterns of neuro-
psychological test scores that are inconsistent 
with the expected course of mTBI. In particular, 
as shown previously, it is well documented that 
the cognitive sequelae of mTBI remit relatively 
quickly [ 4 ,  34 ,  35 ,  37 – 40 ]. Therefore, when an 
individual produces a normal neuropsychologi-
cal profi le upon evaluation 3 months post-mTBI 
but then produces a protocol characterized by 
multiple areas of impairment 1 year post-injury, 
the data can be used to fortify conclusions regard-
ing noncredible performance [ 10 ]. Similarly, 
“labile” test scores (i.e., those that vacillate over 
repeated evaluations) are likely indicators of 
response bias [ 115 ]. 

 In case #1, on neurological examination 7 
years post-injury, the patient was unable to recall 
any of three words following a short delay, but on 
subsequent exam less than 1 month later, he 
obtained a perfect score (30/30) on the Mini 
Mental Status Exam (MMSE) [ 116 ]. Case #4 had 
been tested on several occasions prior to the cur-
rent examination, and test scores had “hop-
scotched” around in a nonplausible manner; for 
example, on initial testing 10 months post-injury, 
IQ scores had been documented in the mentally 
retarded range, but by 8 months later had risen to 
average. Case #6 above had been tested 1½ years 
prior to the current examination and at that time 
all neuropsychological scores had been average 
or higher, in contrast to the impaired scores 
observed in verbal memory, and the low average 
scores documented in processing speed and left 
hand dexterity, on subsequent testing. 

  Implausible Symptom Report.  It is preferable to 
obtain report of symptoms in an open-ended 
question format, rather than having patients com-
plete symptom checklists. The latter educate 
patients as to what symptoms to report. On the 
other hand, if patients are requested to spontane-

ously report symptoms, at times unusual and 
implausible reports will be encountered. The 
genesis of the b Test [ 78 ] stemmed from mTBI 
litigants, who, when asked regarding post- 
accident cognitive symptoms, reported dyslexia 
(seeing letters “upside down and backwards”), a 
symptom we have never encountered in credible 
moderate to severe TBI patients. Additionally, 
we have observed some patients, when asked to 
report problems in thinking skills they attribute to 
the accident, to respond, “Like what?”; if they 
have to be provided with examples as to what 
types of cognitive symptoms one might experi-
ence, that would suggest that cognitive abnor-
malities are not truly a salient problem. 

 In case #6 above, when asked to provide an 
example of his claimed attention diffi culties, he 
stated that he will have a fork in his hand and 
“can’t get it to work”; use of utensils is an over-
learned type of procedural memory unrelated to 
attentional abilities. Similarly, some patients, 
when asked to provide examples of “memory” 
diffi culties, will report that they “forget to eat.” 
Both cases #3 and #6 had claimed strange “faint-
ing” spells/seizures that interestingly did not keep 
them from driving, and were judged to be synco-
pal or psychogenic. Cases #2 and #6 reported non-
plausible language defi cits (“foreign accent” and 
delayed onset word-retrieval and dysarthria in the 
former, and “stuttering” in the latter); neither of 
these symptoms have been reported in the empiri-
cal literature to be sequelae of mTBI. Case #6 also 
claimed to a previous examiner that he had been 
unconscious for several hours, had several weeks 
of post-traumatic amnesia, and had been para-
lyzed for 4 months, none of which were accurate. 

  Inconsistencies between Test Scores and 
Spontaneous Behaviors.  In addition to data- 
driven evidence from test performances, behav-
ioral observations can yield critical information 
regarding symptom validity. For example, if a 
patient performs within the impaired range on 
measures of visual memory but is able to inde-
pendently navigate a complicated maze of hall-
ways in a hospital in order to arrive at the 
neuropsychologist’s offi ce, one has good reason 
to suspect noncredible test performance. We once 
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evaluated a mTBI patient who, when being 
administered a trial of a forced-choice PVT in 
which no feedback regarding accuracy of 
responses was given, exclaimed that she knew 
she was doing very poorly because she had 
already gotten 12 items wrong (an accurate obser-
vation, and one that revealed that she had known 
the correct answers but provided incorrect 
responses). In case #1 above, the patient scored at 
chance on verbal recognition memory, yet was 
able to provide detailed information regarding his 
daily life activities which included reading (with 
the read information well-retained), driving 
(including grocery shopping and running 
errands), and completing Sudoku puzzles. Many 
patients perform very poorly on memory testing 
years remote from the injury, but yet are able to 
provide rich detail for events surrounding the 
accident (information seen, smelled, and heard, 
including exact conversations, etc.). If an indi-
vidual can recall substantial information from 
immediately following the injury, when the brain 
is arguably most dysfunctional, there would be no 
explanation, absent an intervening neurological 
event, to account for poor performance on 
 memory testing remote from the injury. 

 In case #4 above, on fi nger Agnosia [ 92 ] test-
ing, when the middle fi nger of the patient’s left 
hand was touched, he paused for a lengthy period, 
and then commented, “That fi nger is numb” (if 
so, how did he know, with his eyes closed, that 
that fi nger had been touched?). Of note, when 
queried as to physical symptoms that he associ-
ated with the motor vehicle accident, he did not 
report fi nger numbness; if one’s fi nger was com-
pletely numb, that would seem to be a highly 
salient symptom that would be unlikely to be 
omitted from a symptom report. Case #5 scored 
in the impaired range on fi nger dexterity, but he 
was observed to be dexterous in spontaneous 
motor movements; for example, while holding a 
piece of paper in his right hand, he used his left 
hand to hold and punch buttons to text on his cell 
phone. Some patients will exhibit odd “fast then 
slow then fast, etc.” (e.g., three fast taps, then two 
slow taps, three fast taps, etc.) rhythms on fi nger 
tapping [ 85 ] that do not correspond to known pat-
terns of motor dysfunction. 

 Case #4 was noted to perform extremely 
slowly on some tasks (time score for Warrington 
Words [ 60 ]; Digit Symbol [ 62 ]), but performed 
quickly on other timed measures (e.g., b Test 
[ 78 ]); true defi cits in processing speed should be 
relatively consistent. 

 In conclusion, the detection of malingering in 
mTBI is a multi-factorial enterprise, which 
involves evidence from various types of PVTs 
and personality inventories, as well as atypical 
patterns/inconsistencies between test perfor-
mances, self-reported symptoms, evidence as to 
how the person actually functions in spontaneous 
behaviors, and medical records. It is important to 
note that there may be factors contributing to 
responses bias aside from intentional feigning. In 
particular, patients with somatoform disorders 
may be more likely to fail PVTs than those with-
out these disorders [ 117 ,  118 ] due to “uncon-
scious” motives to feign illness [ 119 ,  120 ]. It is 
helpful for the clinician to conceptualize feigning 
along a continuum, running from intentional, 
“conscious” feigning on one end (malingering) 
and unintentional, “unconscious” feigning at the 
other extreme (somatoform conditions). Because 
it can sometimes be diffi cult to determine whether 
a patient is intentionally vs. nonconsciously 
engaging in response bias, it is best to use the 
phrase “noncredible performance” when describ-
ing PVT failures. Whether symptom feigning is 
conscious or nonconscious, standard test scores 
are uninterpretable, as they likely refl ect an 
underestimate of the patient’s actual cognitive 
capabilities [ 101 ]. 

 Should the clinician encounter an individual 
who appears to have true cognitive defi cits and 
who fails performance validity indicators, further 
investigation may be necessary. For example, 
Dean, Victor, Boone, and Arnold [ 121 ] examined 
PVT performance in a heterogeneous neuropsy-
chological clinic sample with no motive to feign 
and found that patients within lower IQ bands 
failed more PVTs. Specifi cally, all patients with 
IQ < 70 failed at least one PVT, and more PVTs 
were failed as IQ bands decreased, such that 
patients with IQs ranging from 60 to 69 failed a 
mean of 44 % of PVTs, and those with IQs rang-
ing from 70 to 79 failed 17 % of PVTs. Likewise, 
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literature shows that credible patients with 
dementia also fail PVTs at an excessively high 
rate (30–70 % specifi city at established cut-offs) 
[ 122 ]. Some evidence exists that other credible 
patient groups may also be susceptible to PVT 
failure at established cut-offs, in particular 
patients with moderate to severe TBI [ 123 ,  124 ] 
(although this may in fact be secondary to low 
IQ). However, cut-offs can often be adjusted to 
maintain adequate specifi city although with some 
sacrifi ce to sensitivity [ 125 ,  126 ]. 

 Further, individuals with actual substantial 
cognitive defi cits may also engage in negative 
response bias, [ 127 ,  128 ] and a determination that 
a performance is noncredible does not preclude 
the presence of true cognitive dysfunction. In 
these cases, one can only maintain that the patient 
may have true cognitive defi cits, based on the 
nature of the injury, but no conclusions regarding 
the extent of these defi cits can be made, given 
noncredible performance on PVTs.     
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        Introduction 

 Mild traumatic brain injury (TBI), also called 
concussion, may occur in as many as 20 % of 
combatants [ 1 – 3 ]. Mild TBI is an historical event 
associated with a physical force to the head with 
resulting alteration in consciousness. In this 
chapter, we will focus on those aspects of mild 
TBI presentation and recovery that may be 
unique to active duty and veteran populations. 
Identifying and treating mild TBI has been a high 
priority within both the Department of Defense 
(DoD) and Veterans Affairs (VA) since the onset 
of Operations Enduring Freedom (OEF), Iraqi 
Freedom (OIF), and more recently New Dawn 
(OND). Comorbidities, unique aspects of the 
DoD and VA medical environments, and treat-
ment/evaluation challenges will be discussed.  

    Defi nition of Mild TBI/Concussion 

 TBI is one of the most common and signifi cant 
medical problems confronting military personnel 
and has been deemed the “signature injury” of 
combat in support of Operation Enduring 
Freedom (OEF) and Operation Iraqi Freedom 
(OIF). Across both civilian and military popula-
tions, approximately 75–90 % of TBIs are mild, 
although true incidence is diffi cult to estimate 
since many mild TBIs are unreported [ 4 – 6 ]. 
Prevalence rates of mild TBI range from 15 to 
30 % of those engaged in active combat in 
Afghanistan and Iraqi theatres [ 1 ,  3 ,  7 ]. Assault 
utilizing explosive devices is a widespread 
method of warfare, accounts for a large percent-
age of combat-related injuries and casualties, and 
is believed to be responsible for 56–78 % of OEF/
OIF-related injuries [ 8 ,  9 ]. 

 Diagnostically, to have sustained a TBI an 
individual must have experienced an external 

physical force that resulted in a traumatically 
induced structural injury to the brain or a physi-
ological disruption of brain function indicated by 
medical fi ndings such as positive neuroimaging 
or an acute alteration in consciousness [ 10 ]. An 
alteration of consciousness may range from 
 initial confusion and disorientation to 
 unconsciousness. Whereas hospital records and/
or neuroimaging fi ndings may assist with the his-
torical diagnosis of more severe and/or acute 
injury, determining prior mild TBI is typically 
dependent on patient self-report, facilitated by 
structured or in-depth clinical interview [ 11 ]. 
Thus, a TBI is an injurious historical event. 

 An individual with a mild TBI will by defi ni-
tion have a Glasgow Coma Scale (GCS) score [ 12 ] 
of 13–15 within 30 min of injury, i.e., typically by 
the time they are initially assessed by emergency 
medical personnel. Thus, within 30 min of injury 
they obey commands, and at worst may be disori-
ented and consequently have confused or inappro-
priate speech. Also by defi nition, disorientation 
and mental confusion, if present, lasts less than 
1 day. Mild TBI is believed to result when injury 
triggers a pathological neurochemical cascade, but 
is insuffi cient to produce widespread neuronal 
dysfunction or the axonal disruption that charac-
terizes more severe brain injuries. 

 Many individuals with mild TBI experience 
cognitive defi cits and postconcussive symptoms 
immediately after injury. Common symptom 
complaints include headaches, balance problems, 
dizziness, fatigue, depression, anxiety, irritabil-
ity, and memory and attention diffi culties, often 
without demonstrable structural changes to the 
brain or neuropsychological dysfunction [ 13 , 
 14 ]. The majority of these patients makes excel-
lent neurobehavioral recovery, but some report 
postconcussive symptoms months to years after-
ward and may experience signifi cant functional 
impairment [ 15 ]. The prevalence of chronic 
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symptoms varies across studies, ranging from 15 
to 30 % [ 16 ,  17 ]. However, whether these are 
truly persistent symptoms associated with the 
TBI remains controversial. This issue is addressed 
in more detail below in the section entitled 
“Postconcussion Syndrome and Symptoms.”  

    Common Comorbidities 

 In addition to TBI, combat activities may contrib-
ute to a wide array of comorbid physical and psy-
chological diffi culties that extend well beyond 
one’s time in combat. Following virtually every 
major war, a signifi cant percentage of combatants 
return with changes in their personality and behav-
ior patterns, and with a variety of nonspecifi c 
symptoms that include sleep problems, fatigue, 
irritability, headaches, other bodily aches and 
pains, concentration diffi culties and memory 
problems. This diffuse symptom pattern is often 
accompanied by some social withdrawal, and a 
sense of emotional numbness or disconnected-
ness. A smaller subset meet criteria for a variety of 
psychiatric diagnoses including: adjustment dis-
orders, anxiety disorders including posttraumatic 
stress disorder (PTSD), depressive disorders, con-
version symptoms and at times classic hysteria, 
and psychotic reactions. Accompanying these 
symptoms and conditions are often various physi-
cal injuries (either minor or more signifi cant). 

 Psychological responses to combat trauma 
can be acute or enduring, and vary across indi-
viduals. Symptoms reported post-exposure are 
often anxious or depressive in nature. Estimates 
of PTSD prevalence range from 8 to 15 % and 
rates of depression between 5 and 10 % across 
studies [ 2 ,  18 ,  19 ]. In a survey of 2,677 soldiers 
who had returned home from Iraq 1 month ear-
lier, rates of probable PTSD and depression, as 
determined by cut scores on questionnaires, were 
7 and 9 %, respectively [ 20 ]. 

 Although TBI is often discussed as the signa-
ture injury of current confl icts, military personnel 
are sustaining other types of injuries including 
burns, maxillofacial and ocular injuries, amputa-
tions, and blast lung. Complaints of hearing dif-
fi culties in those exposed to explosives may well 
be due to tympanic membrane injury. In exami-

nation of 210 U.S. soldiers who underwent 
neuro-otological evaluation in the Air Force 
Theater Hospital in Iraq, Xydakis et al. [ 21 ] 
found a signifi cant association between barotrau-
matic tympanic membrane perforations and con-
cussive brain injury. Overall incidence of 
tympanic membrane perforation was 35 %, with 
those wearing ear protection having signifi cantly 
reduced risk of perforation. Nageris et al. [ 22 ] 
found, in an examination of 73 patients who sus-
tained physical trauma from an explosion, that 
only 7 % of patients with tinnitus at 3 months 
post-injury reported an improvement 1 year later.  

    Challenges in Teasing Apart 
Comorbidities 

 Symptom complaints in those with mild TBI 
 following military deployment have been an area 
of special interest. However, this has been a diffi -
cult area of study due to the presence of comorbid 
conditions that may present with similar symp-
toms. For example, Hoge et al. [ 1 ] reported that 
more than 40 % of soldiers who had symptoms 
associated with mild TBI with loss of conscious-
ness (LOC) also met criteria for PTSD. After 
adjusting for PTSD and depression, mild TBI was 
no longer associated with postconcussion symp-
toms (except headache) or physical health out-
comes. These authors suggest that the high rates 
of physical health problems reported by soldiers 
with mild TBI are mediated largely or entirely by 
PTSD or depression, rather than mild TBI. Indeed, 
other studies have similarly demonstrated that 
posttraumatic stress and postconcussion symp-
tom reporting are highly interrelated [ 23 – 26 ]. 

 However, a conceptual problem is present 
with virtually all of these studies. Given the over-
lap in postconcussion symptoms, PTSD symp-
toms, and depression in terms of both method of 
measuring them and associations with current 
emotional distress, it should not be surprising 
that such outcomes are more highly associated 
with each other than they are with possible 
deployment-related etiologies (e.g., concussion, 
other physical injuries, or combat) that occurred 
months or years earlier. Studies essentially con-
found past events (e.g., concussion and combat 
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exposure) with current health outcomes (e.g., 
PTSD, depression, postconcussive symptoms, 
and other symptoms). That is, current PTSD and 
current depression are typically used as predic-
tors of other current health outcomes and symp-
toms. Future work in this area will need to clearly 
distinguish possible deployment-related etiologi-
cal mechanisms from temporally later post- 
deployment health outcomes. 

 In a VA sample, for those with a positive 
screen for OEF/OIF military deployment-related 
TBI, one study found a threefold increase in 
likelihood of having a PTSD diagnosis, and a 
twofold increase in likelihood of having 
 depression and/or substance-related diagnosis 
compared to those who screened negative for 
TBI [ 27 ]. A weakness of this study was that 
groups were based on TBI screening data. 
Nationwide within the VA, only about 55 % of 
positive TBI screens are subsequently confi rmed 
to have sustained a deployment-related TBI 
based on a full clinical evaluation and careful 
history [ 28 ]. Thus, it is possible that the initial 
TBI screens were positive because of exposure 
to blasts or other injurious trauma events with 
resultant psychological symptoms that over-
lapped with postconcussive symptoms.  

    VHA and DoD Systems of Care 

    VHA Polytrauma/TBI System of Care 

 An overview of the Polytrauma System of Care 
helps in understanding how and where mild 
TBI care falls within the Veterans Health 
Administration (VHA) system. This integrated 
nationwide system of care has been designed to 
provide access to lifelong rehabilitation services 
for veterans and active duty service members 
recovering from polytrauma and TBI. The 
Polytrauma System of Care has tiered levels of 
care with four overall components and is 
described in detail by Sigford [ 29 ]. 

 Currently, the four polytrauma rehabilitation 
centers (PRCs) (Tampa, Florida; Minneapolis, 
Minnesota; Palo Alto, California; and Richmond, 
Virginia) are the fi rst component of the VHA’s 

Polytrauma System of Care. A fi fth PRC is 
scheduled to open in San Antonio, Texas. These 
centers provide acute medical and rehabilitation 
care, research, and education related to poly-
trauma and TBI. Clinical care is provided by a 
dedicated interdisciplinary staff of rehabilitation 
specialists and medical consultants with exper-
tise in the treatment of the physical, emotional, 
and psychosocial problems that accompany 
 polytrauma and TBI. The inpatient rehabilitation 
programs at PRCs maintain accreditation by the 
Commission on Accreditation of Rehabilitation 
Facilities (CARF) for both TBI and comprehen-
sive rehabilitation. The environment at PRCs is 
designed to refl ect the demographic of patients 
served, with family lounges, Internet capability, 
and media resources appropriate for the age and 
interests of patients and their families. At the dis-
cretion of the military personnel on the unit, 
injured service members may participate in mili-
tary formations, be recognized by rank, and wear 
their military uniforms. 

 The Polytrauma Network sites (PNSs), desig-
nated in December 2005, comprise the second 
component of care within the Polytrauma System 
of Care, with one PNS located within each of 
VHA’s 21 regional veterans integrated service 
networks (VISNs). These PNS programs provide 
post-acute rehabilitation care for individuals with 
polytrauma/TBI, including, but not limited to 
inpatient and outpatient rehabilitation and voca-
tional rehabilitation programs. They are respon-
sible for coordinating access to VHA and 
non-VHA services across the VISNs to meet the 
needs of patients recovering from polytrauma 
and TBI. The PNS consults and collaborates with 
PRCs in transitioning care from the acute reha-
bilitation setting to community reintegration. 

 The Polytrauma System of Care network was 
expanded in March 2007 to include a new com-
ponent of care: polytrauma support clinic teams 
(PSCTs). With their geographical distribution 
across the VHA, the PSCTs facilitate access to 
specialized rehabilitation services for veterans 
and active duty service members at locations 
close to their home communities. These interdis-
ciplinary teams of rehabilitation specialists are 
responsible for managing the care of patients 
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with treatment plans, providing regular follow-up 
visits, and responding to new treatment issues as 
they arise. The PSCT consults with the affi liated 
PNS or PRC when more specialized services are 
required. The remaining VHA medical centers 
have an identifi ed polytrauma point of contact 
that is responsible for managing consultations for 
patients with polytrauma and TBI and referring 
these patients to appropriate programs capable of 
providing necessary services. 

 Patients identifi ed through this system of care 
receive ongoing case management beginning at 
the military treatment facility and continuing 
through VHA hospitalization or outpatient care 
and on return home. This case management is 
conducted by both nurses for clinical case man-
agement and social workers for psychosocial 
case management. As patients move through the 
Polytrauma System of Care, case managers are 
responsible for a smooth “handoff” or transition 
to the next phase of care. This handoff includes 
personal communication with the receiving 
 treatment team, often using videoconferencing. 
A polytrauma telehealth network allows PRCs 
and PNSs to communicate using high quality 
videoconferencing to facilitate discharge, coordi-
nation of care, and evaluation for treatment plan-
ning. Telehealth technology also links providers 
and patients at military treatment facilities with 
PRCs. This has been an invaluable tool in coordi-
nation of care and facilitating a smooth and suc-
cessful transition from one facility to another. It 
gives providers, patients, and families the oppor-
tunity to “meet” one another, communicate, and 
anticipate future needs.  

    DoD and VHA Screening 

 To enhance early identifi cation and treatment of 
physical and mental health concerns associated 
with mild TBI, both the DoD and VHA have 
implemented screening procedures. The DoD 
instituted Post-Deployment Health Assessment 
(PDHA) and Reassessment (PDHRA) programs. 
The PDHA is scheduled with trained healthcare 
providers within 30 days after returning to home 
or to a military processing station. The purpose is 

to review each service member’s current health, 
mental health, psychosocial issues commonly 
associated with deployments, possible 
deployment- related occupational and environ-
mental exposures (including TBI, which was 
added in 2008), and to discuss deployment- related 
health concerns. Positive responses require sup-
plemental assessment and/or referrals for medical 
consultation. Similarly, the PDHRA is designed 
to identify and address health concerns, with spe-
cifi c emphasis on mental health, that have emerged 
over time since deployment. The PDHRA should 
be completed within the 3- to 6-month time period 
after return from deployment, ideally at the 3- to 
4-month mark because many transitions occur 
between 90 and 120 days. 

 Similarly, in an effort to assure appropriate, 
effective, and timely care, the VHA developed a 
comprehensive and integrated system of care to 
treat returning service members. As one entry 
point, the VHA implemented a series of OEF/
OIF clinical reminders (i.e., mandated clinical 
questions to ask the veteran, prompted by the 
electronic medical record) including a TBI clini-
cal reminder protocol that was incorporated into 
its computerized medical record system in April 
2007. These clinical reminders are completed by 
any provider within the VHA system of care who 
fi rst encounters that patient following deploy-
ment, most frequently a primary care provider. 
The TBI clinical reminder, which is completed 
only if the veteran served in Iraq or Afghanistan 
after September 11, 2001, and if he/she has not 
already been identifi ed as having a TBI, consists 
of four questions: (1) Did you have any injury(ies) 
during your deployment from any of the follow-
ing? (check all that apply: fragment, bullet, 
explosion, etc.), (2) Did any injury you received 
while deployed result in any of the following? 
(check all that apply: being dazed, confused or 
“seeing stars,” not remembering the injury, losing 
consciousness, head injury, etc.), (3) Did any of 
these begin or get worse afterward? (check all 
that apply: dizziness, headaches, memory prob-
lems, balance problems, ringing in the ears, irri-
tability, sleep problems), and (4) In the past week, 
have you had any of the above symptoms? (check 
all that apply: dizziness, memory problems, etc.). 
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A positive response to all four questions consti-
tutes a positive screen. Positive screens automati-
cally generate a consult to a TBI specialist or 
specialty clinic if the veteran agrees to further 
assessment or care. This specialist/clinic has 1 
week to initiate contact with the patient to sched-
ule a more detailed follow-up evaluation.  

    VHA Follow-Up Evaluation 
and Treatment 

 Within VHA following a positive TBI clinical 
reminder, a consult is generated by the provider 
to obtain a follow-up comprehensive assessment 
and generation of a plan of care for the patient. 
This mandated follow-up evaluation, called the 
Comprehensive TBI Evaluation, consists of fur-
ther evaluation of blast exposures and TBI events, 
targeted review of systems, and a physical exami-
nation conducted by a licensed medical practitio-
ner with expertise in TBI, typically a physiatrist 
or a neurologist. Some VHA centers utilize an 
interdisciplinary team approach with multiple 
appointments scheduled over several hours to 
complete the Comprehensive TBI Evaluation. 
Across different approaches, the purposes of the 
follow-up evaluation are to: (1) confi rm the diag-
nosis of TBI, even if the present symptoms are 
felt to be secondary to other factors such as 
PTSD, stress, depression, or chronic pain, and (2) 
institute an appropriate plan for follow-up care 
(e.g., other evaluations or diagnosis-based or 
symptom-based treatment). Diagnosis-based 
treatment might include referral to a PTSD pro-
gram for comorbid PTSD treatment or a mental 
health clinic for treatment of a comorbid depres-
sive disorder. Symptom-based treatment might 
consist of treating specifi c symptoms such as 
headaches, back pain, insomnia, fatigue, or mem-
ory problems, even if the symptom etiology is not 
clear (e.g., mild TBI, PTSD, post-deployment 
adjustment, etc.). 

 Embedded within the computer-based 
Comprehensive TBI Evaluation template that 
populates a report in the electronic medical chart 
is a 22-item postconcussive symptom question-
naire called the Neurobehavioral Symptom 

Inventory (NSI) [ 30 ]. These 22 symptoms are 
each rated on a scale of 1–5 (none, mild, moder-
ate, severe, and very severe) with four different 
types of symptoms: affective/psychological/
stress, somatic/physical, neurosensory, and cog-
nitive. The NSI can be useful to gauge patient 
distress and symptom complaints. A VA/DoD 
evidence-based mild TBI treatment guideline 
has been developed (   http://www.healthquality.
va.gov/management_of_concussion_mtbi.asp    )    . 
This guideline was designed to help the clinician 
develop a plan of care and treat the symptom 
complex identifi ed through the comprehensive 
evaluation. So, for instance, if concentration 
problems are endorsed, a review of sleep hygiene 
is one of many recommended assessments, along 
with possible treatments.   

    Review of the Relevant Science 

    Expected Mild TBI Recovery Course 

 Most of what is known of the trajectory of cogni-
tive recovery following mild TBI is from the 
civilian literature. For the overwhelming majority 
of individuals, a multitude of independent meta-
analytic studies indicates a favorable prognosis, 
with recovery of function over the course of sev-
eral days to no more than a few months [ 31 – 35 ]. 

 In population-based studies of mild TBI there 
are acute diffi culties (within the fi rst month) with 
virtually all aspects of neuropsychological func-
tioning adversely affected. Individuals with mild 
TBI perform about half a standard deviation 
( d  = 0.57) more poorly than demographic- 
matched controls [ 31 ]. However, the neuropsy-
chological effect size associated with mild TBI in 
population-based studies is essentially zero by 
3 months post-injury. 

 In contrast to this typical pattern of excellent 
recovery following mild TBI in the population at 
large (i.e., prospective or population-based stud-
ies), individuals with mild TBI who present to 
clinics in the chronic phase for medical or neuro-
psychological evaluation or who are in litigation 
(i.e., groups composed of individuals reporting 
ongoing symptoms and problems) represent a 
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different subsample of patients. At least a portion 
of these individuals perform more poorly on neu-
ropsychological tests, but in a manner not associ-
ated with any specifi c defi cit pattern. In contrast 
to the expected recovery pattern, these individu-
als show worsening of neuropsychological per-
formance across time [ 31 ]. Factors which may 
account for the chronic neuropsychological 
problems found in litigation and clinic-based 
samples include: self-expectations of diffi culties 
[ 36 ], emotional reactions to an adverse event 
[ 37 ], poor coping styles [ 38 ,  39 ], concomitant 
psychiatric diffi culties [ 40 ,  41 ], pain [ 42 ,  43 ] 
or psychosocial factors [ 44 ], malingering as well 
as subtle residual neurological impairments [ 45 ].  

    Postconcussion Syndrome 
and Symptoms 

 Postconcussive syndrome (PCS) refers to a set of 
symptoms that can arise after mild TBI, often 
consisting of physical/somatic (e.g., headache, 
dizziness, photophobia, fatigue), cognitive (e.g., 
impaired memory, decreased concentration), and 
emotional (e.g., depression, irritability) symp-
toms [ 46 ]. Formal diagnostic criteria for PCS vary 
between the Diagnostic and Statistical Manual of 
Mental Disorders—4th Edition (DSM-IV) [ 47 ] 
and the International Statistical Classifi cation of 
Disease and Related Health Problems—10th 
Edition (ICD-10) [ 48 ]. PCS is not an offi cial diag-
nostic category in the DSM-IV. Rather, it is a set 
of proposed diagnostic criteria for investigation 
and includes not only the symptom complaints 
described earlier but also neuropsychological evi-
dence of attention or memory diffi culty. The ICD-
10 criteria are not investigational and do not 
require evidence of neuropsychological dysfunc-
tion. In addition, the ICD-10 suggests that there 
may be hypochondriacal preoccupation, while the 
DSM-IV does not discuss this possible presenta-
tion. Despite the differences, the complex of 
symptom complaints is quite similar between the 
two classifi cation systems. 

 As stated previously, the majority of individu-
als with mild TBI recover completely within 
1–3 months in terms of both cognitive function 

and structural integrity. However, a signifi cant 
minority complain of cognitive diffi culty and 
other distressing symptoms months [ 49 – 51 ] or 
years post injury [ 52 – 54 ]. Some have suggested 
that these are persisting symptom complaints due 
to subtle neurological dysfunction allegedly 
beneath the detection threshold of routine 
 diagnostic procedures such as CT, MRI, and EEG 
[ 55 ,  56 ]. As discussed in a review of recent neu-
roimaging literature [ 57 ], even more sensitive 
imaging modalities (such as fMRI) have yet to 
explain chronic symptom complaints in a con-
vincing way. 

 Interestingly, so-called “postconcussion” 
symptoms are not unique to mild TBI and are fre-
quently reported in other medical conditions such 
as chronic pain and depression [ 58 – 60 ]. As such, 
some authors argue that while neurological fac-
tors may play a role in acute postconcussive 
symptoms, psychological factors likely play a 
role in the ongoing maintenance of symptoms. 
Postconcussive symptoms may be the result of or 
exacerbated by psychological mechanisms such 
as poor coping styles [ 38 ], emotional reactions to 
an adverse event [ 37 ], or expectations of symp-
toms that may occur following a mild TBI [ 36 ]. 
Depression and anxiety correlate highly with ini-
tial symptoms. Regardless of the cause, these 
symptoms have the potential to be costly to the 
military and to the VA, both in terms of continued 
symptom complaints and healthcare utilization, 
as well as premature discharge from the military. 

 Complicating this issue further is whether, in 
this or other patient populations, these symptoms 
are simply related to stress or a variety of poten-
tial comorbidities. Of note, work by Brenner and 
colleagues [ 61 ] found that among soldiers with 
histories of physical injury, mild TBI (adjusted 
prevalence ratio = 4.03; 95 % CI: 2.67–6.07) and 
PTSD (adjusted prevalence ratio = 2.74; 95 % CI: 
1.58–4.74) were independently associated with 
postconcussive symptom reporting. Similarly, 
Schneiderman, Braver, and Kang [ 62 ] presented 
data from a retrospective study which suggested 
that, in a veteran sample, mild TBI and PTSD are 
independently associated with endorsement of 
three or more postconcussive symptoms. 
Adjusted prevalence ratios for such symptoms in 
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those with mild TBI or PTSD were 1.50 and 3.71, 
respectively. Finally, results from a recent Florida 
National Guard survey [ 63 ] found that 
deployment- related mild TBI was a signifi cant 
predictor of the set of PCS symptoms collectively 
(Odds = 2.47, CI = 1.53–3.98), but so was primary 
blast exposure (Odds = 1.66, CI = 1.00–2.76), 
medium (Odds = 2.31, CI = 1.08–4.93) and high 
levels of combat exposure (Odds = 3.01, 
CI = 1.43–6.35), and other deployment-related 
injuries (Odds = 2.61, CI = 1.70–4.01), after con-
trolling for demographic factors, pre-deployment 
issues, and other deployment-related exposures/
injuries. Deployment-related mild TBI was also a 
signifi cant predictor for all specifi c postconcus-
sive symptoms including: headaches, dizziness, 
balance problems, gait diffi culties, fatigue, 
insomnia, memory problems, concentration dif-
fi culties, irritability, anxiety, and depression. 

 However, in the only prospective study of 
postconcussion symptoms with a trauma control 
group [ 64 ], during which civilian participants 
were assessed 5 days after mild TBI and again 
3 months later, it was found that postconcussive 
symptoms waxed and waned over time. Further, 
postconcussive symptoms were actually unre-
lated to mild TBI altogether, but instead were 
associated with accompanying acute posttrau-
matic stress, and depressive or anxiety disorders.   

    Evaluation and Treatment 
Challenges 

    Context of Injury: Military 
Deployment and Combat 
Environment 

 Mild TBI is an historical event associated with an 
injury and subsequent alteration in conscious-
ness. Being injured via an explosion or other 
event in a combat zone, often in the midst of a 
fi refi ght, is an emotionally charged event. Given 
such circumstances, it is diffi cult to know whether 
any reported “alteration” in consciousness is due 
to a brain concussion, emotional trauma, adrena-
line rush, pain related to other bodily injuries, or 
some other cause. A TBI-induced alteration of 

consciousness (i.e., confusion, disorientation, 
incoherency at the scene of the event) is different 
from a psychologically induced alteration of con-
sciousness, although they may be diffi cult to dis-
tinguish, particularly if information is being 
obtained months later. Most individuals who are 
close to an unexpected explosion in which they 
hear and see the explosion, experience being 
physically shaken or feel the ground move, and 
may be struck by environmental debris will likely 
have an associated adrenalin rush and alteration 
of consciousness—fear, anxiety, alteration of 
attention, and/or change in environmental 
 awareness. This is a typical psychological 
response. However, this type of alteration of con-
sciousness would not mean that the person sus-
tained a TBI. Careful clinical interviewing may 
be helpful in teasing apart these two types of 
alteration of consciousness. Simply accepting 
that a person had an alteration of consciousness 
as evidence of TBI will result in false-positive 
diagnoses. Frequently, the clinician’s best option 
is to ask the patient to provide a detailed account 
of the event, thereby assessing for gaps in mem-
ory for the event, or asking what the person was 
told about his or her behavior or mental state by 
military colleagues who observed him or her at 
the site. Nonetheless, it is still diffi cult to defi ni-
tively determine the cause (i.e., mild TBI, emo-
tional shock, etc.), even when a likely “alteration” 
is reasonably established. 

 Complicating this somewhat is that postcon-
cussion symptoms are not diagnostic of mild TBI 
and are indistinguishable from the diffuse non-
specifi c symptoms experienced by many combat-
ants. Although it is clear that a number of 
individuals have symptoms months and even 
years following a concussion, it is not clear that 
these represent a persistent postconcussion syn-
drome. These symptoms may not be related to an 
individual’s history of TBI as a signifi cant per-
centage of combatants return with changes in 
their personality and behavior patterns, and with 
a variety of nonspecifi c symptoms that include 
sleep problems, fatigue, irritability, headaches, 
other bodily aches and pains, concentration dif-
fi culties and memory problems. Indeed, in a pro-
spective study of postconcussion symptoms in 
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civilians, it was found that acute postconcussive 
symptoms were not specifi c to mild TBI and 
were inconsistently reported over time [ 64 ].  

    Challenges Related to Reliance on 
Self-Report and Time Since Injury 

 Studies frequently utilize symptom inventories to 
investigate psychological and/or physical symp-
toms, but many of these inventories do not contain 
measures of response bias or validity. In addition, 
inventories typically do not allow for the determi-
nation of whether an individual meets full diag-
nostic criteria for the disorder in question. For 
example, one study may use a questionnaire that 
assesses severity of symptom reporting related to 
PTSD, while another may use a structured diag-
nostic interview to determine actual diagnosis. 

 Symptom-based questionnaires give us some 
idea of symptom type and severity, but have 
extensive overlap with multiple diagnoses and 
with other symptom-based measures of other 
constructs. Shared variance of self-report mea-
sures of different clinical entities (such as PTSD, 
depression, postconcussion syndrome, etc.) can 
lead to misinterpretation and potentially infl ated 
estimates of correlations between these entities. 
In other words, multiple symptom measures may 
simply be alternative measures of the same 
underlying mental health or physical condition 
[ 65 ]. Also, there is a tendency in this literature to 
statistically “control for” emotional symptoms in 
the interest of studying the effects of TBI. This 
statistical control is controversial from a statisti-
cal standpoint, in part because of symptom over-
lap across multiple psychological conditions and 
with TBI sequelae [ 66 ]. 

 Obtaining a careful history regarding details 
of potentially injurious events, any event-related 
loss or alteration of consciousness, and immedi-
ate and emerging symptoms over the subsequent 
hours and days is challenging. When the inter-
view is conducted weeks, months, or years later, 
patients’ memories have faded and merged with 
other deployment-related experiences. Veterans 
often describe multiple historical events in 
which a TBI may have occurred. Many of these 
events were potentially psychologically trauma-

tizing and may be associated with recurrent 
intrusive thoughts or nightmares. Discussion of 
them may also be associated with increased anx-
iety and physiological arousal (i.e., PTSD symp-
tomology). Furthermore, many Veterans 
describe chronic sleep disturbances and fatigue 
throughout their deployment, as well as head-
aches and back pain from physical activities and 
carrying heavy equipment. Most view these 
symptoms as part and parcel of their deploy-
ment, and consider them a shared experience 
with their peers. Asking them to attempt to 
ascribe onset or worsening of symptoms to par-
ticular events in time is problematic.  

    Political/Social Context 

 Given the current political climate and the 
emphasis on TBI as the “signature injury” of the 
war on terror, research regarding patient self- 
expectation is particularly pertinent. Merely by 
screening individuals within the context of 
increased media attention on TBI, the stage is set 
for expectancies to exert an infl uence on the 
patient’s belief system and to attribute many or 
all diffi culties to TBI [ 36 ]. In addition, the work 
of Suhr and Gunstad [ 67 ,  68 ] has been particu-
larly illustrative of the effects of the context of 
the evaluation on cognitive performance out-
comes, a situation they refer to as “diagnosis 
threat.” This is quite pertinent in the VA and DoD 
healthcare settings, with the aforementioned 
population- based screening and evaluation pro-
cess. They have demonstrated that calling atten-
tion to one’s brain injury diagnosis tends to create 
performance decrements on cognitive tests. 
Finally, there may be an inclination by the patient 
to attribute symptoms to TBI, rather than psycho-
logical diagnoses such as PTSD, given the per-
ception that a physical brain injury is less a sign 
of personal or psychological weakness. 

 Given the denigration experienced by many 
returning Vietnam era veterans, there currently is 
a very strong desire to “do the right thing” for the 
OEF/OIF war-injured veteran. If there is  any  
indication of exposure to or injury from blasts, or 
having sustained even a mild TBI, there is politi-
cal pressure to assume that current symptoms and 
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complaints are valid and related to those deploy-
ment events. In that context, even if there is evi-
dence for symptom exaggeration or overt 
malingering, there is pressure to base treatment 
decisions on patient preference in order to 
enhance customer satisfaction and avoid “bad 
press.” Finally, even if the entire healthcare team 
believes that current symptoms are not related to 
a historic traumatic event, such as a mild TBI or 
other combat experience, the VHA system of 
care is nevertheless bound to work with the 
patient and his/her family to minimize subjective 
distress and symptoms, regardless of etiology 
(i.e., PTSD, depression, substance abuse, somati-
zation, conversion, exaggeration, or malinger-
ing). As such, this practice environment is unique.  

    Treatment Challenges: Lack of 
Evidence in Military-Relevant 
Settings 

 Fortunately, there is effective treatment available 
for patients having sustained a mild TBI and 
experiencing postconcussion symptoms or the 
full postconcussion syndrome. Acute brief psy-
chological treatment signifi cantly reduces the 
severity and duration of PCS symptoms follow-
ing mild TBI. Several standardized, empirically 
supported treatment manuals are available [ 69 , 
 70 ]. Even an early single session intervention can 
prevent the syndrome as effectively as traditional 
outpatient therapy [ 71 ]. In particular, a psycho-
educational intervention, that included giving the 
patient a printed manual and having them meet 
with a therapist for 1 h prior to hospital discharge, 
resulted in signifi cantly shorter symptom dura-
tion and signifi cantly fewer symptoms at 6-month 
follow-up compared to a matched control group 
who received routine hospital care [ 70 ]. This 1 h 
meeting included: reviewing the nature and inci-
dence of expected symptoms, providing the 
patient with a cognitive-behavioral model of 
symptom maintenance and treatment, giving the 
patient-specifi c techniques for reducing symp-
toms, and providing them with instructions for 
gradual resumption of premorbid activities. 

 Table  1  summarizes the studies published to 
date with regard to non-medication approaches to 

the treatment of PCS symptoms following mild 
TBI. It is noteworthy that most literature has been 
developed in the civilian setting and it is there-
fore unknown the extent to which fi ndings gener-
alize to mild TBI sustained in combat. Certainly, 
providing the interventions is more challenging. 
As can be seen from the table, brief treatment is 
clearly effective in reducing PCS symptoms in 
patients admitted to the hospital following mild 
TBI. Numerous studies have found that single 
session psychoeducational intervention is an 
effective intervention [ 36 ,  72 ,  73 ].

   The three notable exceptions [ 74 – 76 ] may not 
have been fair assessments of PCS-specifi c inter-
vention, as they were not designed specifi cally to 
test the effi cacy of education and reassurance 
about PCS symptoms. For example, Ghaffar 
et al. [ 75 ] conducted a treatment study comparing 
intensive, multidisciplinary rehabilitation treat-
ment with no treatment. This study found no dif-
ferences between the two groups on PCS 
symptoms at 6 months follow-up, though for 
those patients in the treatment group with a his-
tory of psychiatric problems, there were fewer 
depressive symptoms reported at follow-up. 
Given the present literature, it is unknown if 
patients seen more chronically (i.e., months or 
more post-injury) can benefi t from this brief, 
psychoeducational treatment approach. 

 Only two published studies tested interven-
tions in people with chronic PCS. In these 
studies, positive results were observed but the 
treatment was much more involved than the stud-
ies conducted on patients evaluated soon after 
injury [ 77 ,  78 ]. There is currently a gap in the 
literature with regard to treatment for patients 
with persisting PCS.   

    Key Issues for Effective Clinical 
Practice and Helpful Tips 

    Providing Accurate Information 
for Providers and Patients About 
Mild TBI 

 There appears to be a common misconception 
among soldiers/veterans, the news media, and 
some healthcare providers that exposure to a 
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blast event means that a person sustained a TBI. 
When working with patients and families, this 
misconception should be corrected. Exposure 
can mean multiple things. One soldier may see a 
Humvee three vehicles in front of his going over 
an exploding roadside bomb, but not experience 
any direct or indirect physical effect of the explo-
sion. Another soldier could be in the fi rst Humvee 
under which the bomb exploded and sustain a 
broken leg and ruptured tympanic membrane 
from the force of the blast, and be knocked 
unconscious for several minutes. While the fi rst 
soldier did not experience a TBI, the second did. 

 Additionally, misattribution of symptoms to a 
residual TBI when such symptoms are secondary 
to stress, chronic sleep deprivation, PTSD or 
other mental health condition, could iatrogeni-
cally reinforce the misconception that these 
symptoms are permanent. Even if it is likely that 
a mild TBI did occur, reassurance and education 
about expected full recovery is crucial to mini-
mizing any adverse iatrogenic effects. Clinicians, 
patients, and their families alike should be edu-
cated that symptoms frequently attributed to TBI 
may be due to factors other than TBI, particularly 
long after the TBI occurred. 

 Finally, with recent media attention on multi-
ple concussions in the sports arena, and their pur-
ported association with dementia, suicide, and 
other adverse long-term outcomes, it is under-
standable that both patients and providers may 
have a more catastrophic reaction to a diagnosis 
of mild TBI than perhaps may be warranted. 
Providing education about typical recovery pat-
terns following a mild TBI is crucial.  

    Managing and Moderating Patient 
Expectations 

 There is a growing body of literature that demon-
strates the role of expectation in both cognitive 
performance and rate of symptom complaint. 
Mittenberg et al. [ 36 ] demonstrated that control 
subjects asked to imagine symptoms following a 
head injury reported very similar symptom pro-
fi les to individuals who had experienced a mild 
TBI. Findings also indicated that those with mild 
TBI underestimated their premorbid problems 

while reporting post-injury problem severity at 
levels consistent with “expected post-mild TBI 
levels” reported by control subjects. If there is an 
expectation of post-injury problems, then in at 
least a minority of individuals, such symptoms 
are more likely to occur. In addition, since virtu-
ally everyone with a mild TBI experiences acute 
symptoms for minutes to hours (e.g., initial 
 confusion, perhaps a new onset headache, dizzi-
ness, and diffi culty with focused and sustained 
attention), the mere presence of these symptoms 
can reinforce preexisting expectations and 
beliefs. In contrast, if there is no expectation of 
ongoing symptoms, as is the general case in 
sports-related mild TBI, then there are few or no 
ongoing symptoms reported [ 86 ,  87 ]. Both brain 
dysfunction and expectation likely play indepen-
dent and interactive causative roles [ 88 ]. 

 As discussed above, early post-TBI psycho-
educational intervention is important in reducing 
post-injury anxiety, setting appropriate and real-
istic expectations for recovery, and enhancing the 
normal recovery process. This psychoeducational 
intervention should include providing informa-
tion regarding the nature and incidence of 
expected symptoms, normalizing these initial 
symptoms as an expected part of the recovery 
process, providing a cognitive-behavioral model 
for understanding symptoms (e.g., worse with 
stress or poor sleep, or if emotionally upset), 
offering specifi c techniques for reducing symp-
toms, and providing instructions for gradual 
resumption of premorbid activities. If patients 
“expect” to get better and “understand” that ini-
tial symptoms are normal and not indicative of a 
signifi cant problem, then they have a better 
recovery. In contrast, if patients believe that a 
symptom is a sign of a worsening or signifi cant 
neurological problem, then their outcome is far 
worse. Expectation management is key, utilizing 
appropriate support, education, early symptom 
management, and a clear and consistent positive 
message of recovery over time. The “Home 
Depot” home improvement stores slogan of “ You 
can do it ,  we can help ” provides a model. The 
message to patients in the  acute  setting should be:

  Your body will recover with rest and time; and if 
you need help managing or minimizing your 
symptoms, we can help. Don’t overdo it too 

H.G. Belanger et al.



401

quickly. An initial period of rest and time for 
recovery are key. You should be back to normal 
soon if you allow for healing. 

   As healthcare providers, we need to be very 
careful that we do not send a mixed or contradic-
tory message to our patients. We cannot say on 
the one hand that individuals with a mild TBI/
concussion should have some initial symptoms 
but that they should gradually diminish over a few 
days and be back to normal within weeks, while 
on the other hand we refer them to multiple 
 providers for numerous tests and procedures. 
A patient’s rational internal response to such a 
situation might be: “ If I should get better no matter 
what happens ,  then why are you sending me for 
all these appointments and tests ?  You must really 
think that something serious is wrong with me , 
 despite your superfi cially reassuring statements .”  

    Interviewing for Chronologically 
Remote Mild TBI 

 Often possible mild TBI events are unwitnessed, 
and clinicians are left to rely on the self-report of 
patients. Patients typically cannot accurately 
report if they sustained a LOC. They are likely to 
erroneously attribute a period of posttraumatic 
amnesia (PTA) to LOC, but may also erroneously 
deny LOC because they have some memories for 
being at the scene. Assessment of amnesia can 
pose similar challenges. A patient’s self-report of 
PTA, for instance, can be hampered by issues 
such as psychogenic amnesia, severe physical 
pain/injuries, intoxication at the time of injury, 
and medication administered by emergency med-
ical personnel [ 89 ]. The criterion of alteration in 
mental status is particularly challenging to deter-
mine. This is especially true for OEF/OIF veteran 
patients, as their suspected concussions often 
occurred within the context of emotionally 
intense and adrenalin laden combat situations or 
following blast exposure. In such instances, it is 
challenging for the clinician to differentiate 
whether the veteran was disoriented or confused 
as a result of an intense emotional reaction, 
adrenalin surge, pain from musculoskeletal inju-
ries, or an actual concussion [ 90 ]. 

 One of the primary goals of the clinical inter-
view is to recreate the injury event based upon all 
available information. Given that a diagnosis of 
concussion is made on the basis of acute injury 
characteristics, a detailed clinical interview (in 
conjunction with collateral interview sources and 
medical record review, if available) has been 
identifi ed as the “gold standard” for mild TBI 
diagnosis [ 11 ,  90 ]. When assessing for LOC, the 
National Academy of Neuropsychology (NAN) 
Education Paper [ 89 ] recommends that clinicians 
ask patients whether anyone told them they were 
unconscious or saw them lose consciousness, as 
opposed to directly asking whether they experi-
enced a LOC per se. However, patients may need 
to be given an “operational defi nition” of LOC—
“Did any observer indicate that you were unre-
sponsive at the scene, lying or sitting there with 
your eyes closed and not responding in any way?” 
For assessment of amnesia, it is important to dis-
tinguish between what patients have been told or 
pieced together about the event versus what they 
actually remember. Asking very specifi c ques-
tions, such as what is the last thing remembered 
before the event and what is the fi rst memory 
after the event can help make this determination. 
Having patients describe the time periods sur-
rounding the event (before, during, and after) in a 
free-fl owing minute-by-minute manner should be 
encouraged. Confusion and disorientation can be 
assessed by establishing a timeline of the acci-
dent followed by a clinical determination of 
whether any confusion and disorientation was a 
direct result of the neurological insult. Specifi c 
queries about the patient’s emotional response 
(e.g., “Were you scared?”) can be helpful in dif-
ferentiating psychological confusion versus 
physiological confusion. 

 The present authors, along with a number of 
other clinician investigators advocate for the use 
of a structured or semi-structured interview to 
assess for a concussion history. For example, 
Corrigan and Bogner [ 91 ] published the Ohio 
State University TBI Identifi cation Method (OSU 
TBI-ID), which is a structured interview designed 
to retrospectively identify a history of TBI 
through self- or proxy-reports. The OSU TBI-ID 
fi rst elicits recall of all injuries that received med-

Special Issues with Mild TBI in Veterans and Active Duty Service Members



402

ical attention (or warranted medical attention) 
and then concentrates on those that involved 
trauma to the head or high-velocity forces. Next, 
these incidents are further probed for any altera-
tions in consciousness. Lastly, the three most 
severe injuries are focused upon to assess the 
onset and course of any post-TBI symptoms and 
to evaluate for any functional consequences as a 
result of TBI. The OSU TBI-ID has been found 
to be a reliable and valid method of assessing 
lifetime history of TBI [ 91 ,  92 ]. 

 In contrast to the OSU TBI-ID, which explic-
itly and directly asks about loss or alternation of 
consciousness, Vanderploeg, Groer, & Belanger 
[ 93 ] assembled a national panel of TBI experts to 
develop the “VA TBI Identifi cation Clinical 
Interview” as a semi-structured interview 
approach that avoids “leading questions.” This 
was designed specifi cally to assess deployment- 
related TBIs in the post-deployment VA health-
care system months to years following the 
potential TBI. To minimize reporting bias veter-
ans are not told that the interview is attempting to 
determine whether or not they sustained a TBI. 
Rather, patients are fi rst told that the examiner is 
interested in understanding the effect of “physi-
cal forces” on them. Then, they are asked about 
the “physically most powerful event” they expe-
rienced, such as motor vehicle accidents, getting 
knocked in the head or to the ground, feeling a 
shock wave, or being hit by debris during an 
explosion. The interview process is designed to 
obtain a patient’s story while carefully paying 
attention for information that is consistent with 
the natural history of TBI. The interview consists 
of three parts: Part A: Series of open-ended ques-
tions (and follow-up probes) to facilitate the 
patient’s freely-told, spontaneous description of 
the event and any new onset symptoms or prob-
lems; Part B: Form for recording the patient’s 
spontaneously reported information from the Part 
A semi-structured interview; and Part C: 
Questions and recording form for confi rming 
information acquired during Part A and recorded 
on the Part B form. Part C is the fi rst time that 
direct and closed-ended questions are asked of 
the patient, but it simply confi rms what was 
reported spontaneously. The interview process 
and recording form assists the interviewer deter-

mine: (a) whether or TBI occurred, (b) the sever-
ity of that TBI, (c) immediate symptoms, (d) 
course of symptoms, and (e) total number of 
TBIs that occurred. The accompanying Manual 
provides information on how to conduct the 
interview, and provides clear and unambiguous 
information regarding the nature and diagnostic 
criteria of TBI (particularly mild TBI), its sever-
ity, and its natural course. Preliminary work has 
demonstrated good inter-rater reliability of this 
interview tool [ 94 ].  

    Distinguishing Between “Persistent” 
Versus “Current” Symptoms 

 The “VA TBI Identifi cation Clinical Interview” 
[ 93 ] also assists the clinician in determining the 
onset and course of symptoms. Current symptoms 
reported months to years following a concussion 
in military theater or elsewhere can only be con-
sidered postconcussion symptoms (or persistent 
postconcussion symptoms) if they began at the 
time of the concussion (within the fi rst 24–72 h) 
and continued without ever completely remitting 
to the present time. Evidence suggests that acutely 
experienced symptoms are inconsistently reported 
over time [ 64 ]. Even persistent symptoms should 
decrease over time and may disappear for a day or 
so, but if an increased level of physical or cogni-
tive activity immediately re- activates the identical 
symptom it can still be considered a postconcus-
sion symptom. However, if a symptom (e.g., 
headache or dizziness) remits and does not re-
emerge until a week or more later, that “re-
emerged symptom” should be thought of as a new 
symptom with a different etiology. It should not 
be considered a postconcussion symptom. Then 
the cause of this new, but similar symptom, must 
be determined and treated accordingly.  

    Adapting Treatment Interventions to 
the Chronic Post-deployment Setting 

 The acute psychoeducational message as out-
lined above will not work without modifi cation in 
the chronic setting where a service member or 
veteran presents with multiple symptoms (e.g., 
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headache, insomnia, irritability, anxious or sad 
mood, concentration problems, and memory dif-
fi culties) many months or even a year or more 
following a deployment-related mild TBI. 
Providers cannot say “your symptoms should 
resolve within days to weeks” without losing all 
credibility. The symptoms are experienced as 
having lasted for months, and frequently are pre-
sumed by the service member/veteran to have 
been caused by the TBI event. The psychoeduca-
tional message must be modifi ed accordingly, 
and put into terms and a context that the service 
member/veteran will understand and accept. 
Veterans should be assured that the ongoing 
course of symptoms is understandable in light of 
their having been exposed to a high stress envi-
ronment for many months. It is not reasonable to 
expect one’s stress response and symptoms to 
abate rapidly. Furthermore, common post- 
deployment stressors should be identifi ed and 
moderated if possible, including help in re- 
adjustment to civilian life and re-negotiating rela-
tionships with family, friends, and partners. 
Veterans should be made aware that while it is 
true that they may have sustained a concussion in 
theater, most of the symptoms they continue to 
experience are common symptoms of general 
stress that are unlikely to be linked with remote 
concussion history. An initial message such as 
the following, presented in a calm and empathetic 
manner, may be an appropriate modifi cation of 
the empirically supported acute intervention for 
patients in the more  chronic stages :

  Of course you are experiencing a variety of symp-
toms that don’t seem to go away. You have been in 
a high stress environment for a long time. Many of 
the symptoms that occur following a concussion 
are the same type of symptoms associated with 
prolonged exposure to high levels of stress. You 
also are trying to re-adjust to civilian life. Your 
symptoms and experiences are normal reactions to 
abnormal conditions. Stress related to deployment 
(even with no physical injury to the brain at all) has 
been shown to adversely affect one’s ability to pay 
attention and remember information. Whether 
your current symptoms are due to concussion, pro-
longed stress, re-adjustment issues, or a combina-
tion of these factors, they will improve as your 
stress levels go down and you re-adjust to post- 
deployment life. However, it took you awhile to 
get to this point – a year or longer. Your body is not 

going to re-adjust over night. It won’t even happen 
in a week or two. 

 Let's monitor your symptoms, and see if they 
improve. There are things we can do if any 
 particular symptom remains problematic. The 
important thing to do now is to re-engage in civil-
ian life, try to get caught up on your sleep, and 
engage in enjoyable social activities with your 
family and friends. Don’t overdo it too quickly, 
and don’t expect improvement over night. This 
will take a little time. If you continue to experience 
problems, let us know what they are and we will 
work together to resolve them. 

   Current care should focus on a combination of 
diagnostic-based treatment and symptom reduc-
tion, with an emphasis on reducing functional 
disability and re-engagement in positive life 
experiences. Patient–provider interactions cen-
tered on determining specifi c etiologies for each 
of multiple symptoms should be de-emphasized. 
For those with co-occurring mild TBI and PTSD 
and/or depression, providers should determine 
the most appropriate sequence of treatment that 
needs to be implemented. An OEF/OIF veteran 
with severe symptoms of PTSD may not be 
appropriate for TBI rehabilitation services such 
as cognitive compensatory techniques, and hence 
may fi rst benefi t from stabilization of emotional 
problems secondary to PTSD or other mental 
health conditions. 

 To address residual symptoms, regardless of 
etiology, a sequential clinical approach has been 
suggested by Terrio and colleagues [ 3 ] and is 
encouraged by the current authors. The initial 
step of treatment is providing service members/
veterans and their family members with the 
expectation for recovery and simultaneously 
addressing any psychiatric symptoms (e.g., 
depression) fi rst, regardless of origin. The next 
step includes attending to somatic complaints 
(e.g., headaches) and self-care routines (e.g., 
sleep). Interventions focused on cognitive symp-
toms (e.g., memory loss) are not generally initi-
ated until the initial two steps are suffi ciently 
addressed, if cognitive symptoms have not 
resolved by then. Educating service members/
veterans and their family members about the 
potential interplay between symptoms and the 
importance of monitoring symptoms and recom-
mended interventions is inherent to the process. 
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This approach is consistent with recently released 
mild TBI clinical practice guidelines [ 95 ]. 
Ultimately, this strategy is aimed at helping 
 military personnel and veterans maintain or 
return to their social roles, thereby facilitating 
resilience. This treatment approach supports 
recovery, promotes health behaviors, and 
enhances resiliency. Utilizing this orientation, 
struggles related to getting better, frequently 
referred to as “secondary gain,” would be 
addressed in treatment as barriers to recovery.   

    Case Example: Mr. “Smith” 

 Mr. Smith, a 24-year-old African American male, 
was referred for a neuropsychological evaluation 
by the TBI outpatient clinic due to his complaints 
about cognitive diffi culties. 

    Background Injury Information 

 Mr. Smith was exposed to an improvised explo-
sive device (IED) blast while driving a large truck 
in Iraq which, as a result, reportedly fl ipped sev-
eral times. As is typical in most of these combat- 
related situations, no medical records were 
available from medics at the site. Also typical 
was that without an extensive period of coma, 
information regarding acute Glasgow Coma 
Score, length of loss or alternation of conscious-
ness, and duration of post-event confusion were 
not available from medical records. Mr. Smith 
remembers driving and remembers bits and 
pieces of his medical evacuation. He was able to 
report details surrounding the roll-over of the 
truck. He recalled wearing a seatbelt but he struck 
his head against the side of the vehicle. He did 
not think that he lost consciousness initially but 
was unable to provide the same level of detail on 
events following the crash. He reported a distinct 
memory, once he was being evacuated, of having 
a strange feeling of not knowing his whereabouts, 
followed by severe pain and an awareness that he 
was bleeding. He remembered being put in a heli-
copter, as well as portions of his 3-day stay at 
Landstuhl Regional Medical Center in Germany 

for acute medical care. He had bilateral internal 
fi xation for his fractured hips at Walter Reed 
Army Medical Center (WRMC) and reported 
participating in physical rehabilitation there for 
13 months. He also worked as an intern for the 
Department of Labor while residing at WRMC. 

  Comment and discussion : This report of events is 
typical of a deployment-related injury being eval-
uated within the VA. Given the lack of gold stan-
dard for determining a history of TBI, as 
discussed in this chapter, the current “gold stan-
dard” is to elicit history from the patient in an 
open-ended manner [ 93 ] and determine, to the 
extent possible, if there was a force to the head 
and if there were gaps in the patient’s recollection 
that might be consistent with a loss or alteration 
of consciousness. In this case, it seems likely that 
the patient sustained a mild TBI given that he 
struck his head and given the apparent gaps in his 
ability to provide details following his injury. 
However, as is typical, this report may be con-
founded by both emotional and bodily injury. 
The stress and shock associated with such an 
event can potentially cause “gaps” in memory, as 
could signifi cant blood loss. In this case, the fact 
that he was able to successfully work during his 
acute rehabilitation suggests that anything more 
severe than a mild TBI is quite unlikely.  

    Current Subjective Complaints 

 Mr. Smith reported signifi cant diffi culty with 
concentration, both in the classroom and at his 
job. He also complained of frequent headaches 
and back pain, as well as diffi culty sleeping, typi-
cally getting 3 or 4 h of sleep per night. He 
reported that his headaches and cognitive prob-
lems were getting worse.  

    Education, Psychosocial, Vocational, 
and Medical Background 

 Mr. Smith had a high school education with no 
history of learning or attention problems. He per-
formed infantry duties in the military with no dif-
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fi culties or disciplinary action, and he reported 
that he received good reviews in his current job as 
a counselor at a Vet Center despite his perception 
that he was not performing to his full potential. 
He had been working there for about a year. He 
was collecting a service connected disability for 
his hip injury. At the time of the evaluation he 
was taking two classes and earning A’s in both 
courses. He had a 5-year-old son from a previous 
marriage. He reported that his girlfriend of 3 years 
just broke up with him the week of the evaluation. 
He reported feeling depressed with decreased 
appetite and anhedonia. He reported having sui-
cidal and homicidal thoughts in the past, but 
denies any currently. He denied any signifi cant 
medical problems prior to this injury. He had left 
wrist surgery as a child. At the time of the evalu-
ation he was being prescribed hydrocodone, 
Tylenol and trazodone. A recent MRI of the brain 
was read as normal.  

    Assessment Findings 

  Behavioral observations : Mr. Smith arrived on 
time for his appointment, ambulating with a cane. 
He appeared very tired initially but aroused con-
siderably as the session progressed. He was fully 
oriented, with fl uent and articulate speech. He 
provided a detailed, logical, and coherent history 
that was consistent with existing medical records. 
He complained of concentration problems which 
he believed were due to his head injury sustained 
approximately 3 years earlier. 

 He walked slowly using a cane and com-
plained of back pain. He described his mood as 
“down.” His affect was fl at and depressed, and he 
reported being quite tearful. When questioned 
about psychological symptoms in an open-ended 
manner, he reported multiple symptoms consis-
tent with depression including sadness, feelings 
of emptiness, anhedonia, early morning 
 awakening, social withdrawal, and fatigue. 

  Premorbid estimation : Mr. Smith denied any dif-
fi culty obtaining his high school diploma and 
reportedly earned A’s and B’s. His predicted Full 

Scale IQ score, based on word reading (WTAR) 
[ 96 ] and demographic data, was 102 (with a pos-
sible range of 84–120 based on a 95 % confi -
dence interval). 

  Validity concerns : Mr. Smith’s performance during 
the neuropsychological evaluation was generally 
inconsistent with his current level of functioning. 
Specifi cally, he scored in the impaired range within 
every cognitive domain despite his ability to func-
tion independently, successfully hold down a job, 
and earn A grades in coursework. Results of symp-
tom validity tests (SVTs) are shown in Table  2 . Mr. 
Smith recalled only 4 digits forward and 2 digits 
backward (Digit Span 1st percentile; RDS = 5) 
[ 97 ]. Mr. Smith failed the Medical Symptom 
Validity Test (MSVT) [ 98 ] as well as the Rey 15 
Item Test with Recognition [ 99 ]. Despite these 
failing scores on symptom validity measures, he 
scored within normal limits on several cognitive 
measures. Taken together, these fi ndings were 
interpreted as refl ecting variable effort or engage-
ment in the evaluation process.

    Neuropsychological profi le : Mr. Smith per-
formed in the severely impaired range on a 
visuospatial measure requiring matching of 
angles (Judgment of Line Orientation, <1st per-
centile) [ 100 ], but in the average range on a 
visuoconstruction measure (Rey Osterrieth 
Complex Figure) [ 101 ]. He performed in the 
average range (37th percentile) on measures of 
letter-based and category-based verbal fl uency 
(DKEFS) [ 102 ]. Measures of processing speed 
were impaired (DKEFS Color Naming 3rd per-
centile; DKEFS Word Reading <1st percentile; 
Digit Symbol 3rd percentile) and characterized 
by numerous errors. Finally, on a test of visual 
memory (BVMT-R) [ 103 ], he learned 2, 2, and 4 
pieces of information (<1st percentile) and 
recalled only 2 after a delay (<1st percentile). 
His performance did not improve with a recogni-
tion format. He endorsed three of six correct 
designs, and committed two false-positive errors. 
Once again, this performance is highly unusual 
and inconsistent with Mr. Smith’s current level of 
functioning (i.e., working, school, etc.). 
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  Psychological profi le : During the interview, Mr. 
Smith endorsed numerous symptoms of depres-
sion, as summarized above. His score on the 
Beck Depression Inventory—II (BDI-II) [ 104 ] 
was consistent with a moderate degree of 
 depressive symptomatology. His score on the 

Posttraumatic Checklist (PCL) [ 105 ], though 
elevated, was not indicative of PTSD, nor was 
interview data. Finally, he endorsed numerous 
“postconcussion” symptoms on the NSI [ 30 ] 
including reportedly severe diffi culties with 
headaches, sleep, and concentration.  

      Table 2    Neuropsychological Data for Case Example, “Mr. Smith”   

 Test  Score  Score  Percentile  Description 

  Validity  
 MSVT  Immed. recall  80  n.a.  Failed 

 Delayed recall  70  n.a.  Failed 
 Consistency  70  n.a.  Failed 
 Paired assoc.  50  n.a.  Failed 
 Free recall  60  n.a.  Failed 

 Rey 15 + recogn.  Rey 15 + recogn.  8/30  Failed  Failed 
 WAIS-III  Reliable digit span  5 Raw  Failed  Failed 
  Premorbid  
 WTAR  44 Raw  56  Average 
  Cognitive  
 WAIS-III  Digit span  3 ACSS  1  Impaired 

 Forward span  4 Raw  <1  Impaired 
 Backward span  2 Raw  1  Impaired 
 Digit symbol  37 Raw  3  Impaired 

 BVMT-R  Trial 1  2 Raw  <1  Impaired 
 Trial 2  2 Raw  <1  Impaired 
 Trial 3  4 Raw  <1  Impaired 
 Total 1–3  8 Raw  <1  Impaired 
 Learning  2 Raw  16  Low average 
 Delayed recall  2 Raw  <1  Impaired 
 Recog. hits  3 Raw  <1  Impaired 
 Discriminability  1 Raw  <1  Impaired 

 DKEFS  Letter fl uency  33 Raw  37  Average 
 Semantic fl uency  35 Raw  37  Average 
 Color naming  41 Raw  3  Impaired 
 Word reading  35 Raw  <1  Impaired 

 Rey-Osterrieth  Drawing copy  66 Raw  37  Average 
 Judgment of line orientation  14 Raw  <1  Impaired 
  Psychological  
 BDI-II  Total score  28 Raw  n.a.  Depression 
 NSI  Total score  67 Raw  n.a.  n.a. 
 PCL  Total score  40 Raw  n.a.  n.a. 

  Notes: MSVT Medical Symptom Validity Test; WAIS-III Wechsler Adult Intelligence Scale – Third Edition; WTAR 
Wechsler Test of Adult Reading; BVMT-R Brief Visuospatial Memory Test – Revised; DKEFS Delis-Kaplan Executive 
Function System; BDI-II Beck Depression Inventory – Second Edition; NSI Neurobehavioral Symptom Inventory; PCL 
PTSD Checklist  
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    Discussion of Case 

 Mr. Smith is representative of many patients 
being seen by neuropsychologists within the VA. 
At face value, the results of his neuropsychological 
evaluation are diffi cult to interpret. There are 
apparent inconsistencies between his current level 
of functioning and his performance on cognitive 
tests, which render the cognitive data suspect. It is 
not possible to assess the extent to which his cog-
nitive symptoms may be due to current depres-
sion, a past history of likely mild TBI, or whether 
they are due to secondary gain or a somatoform 
process. We do know that his report of worsening 
cognitive problems is inconsistent with mild or 
even more severe TBI and far more likely refl ect 
problems with depression and/or maladaptive 
coping to increasing levels of stress, external 
incentives, or some other unknown cause. 

 Despite his overall poor performance during 
this evaluation, it can be concluded that his visuo-
construction, language, and at least some execu-
tive functions are grossly intact, given his intact 
performance on measures within these cognitive 
domains. Beyond that, it is impossible to assess 
his overall level of neurocognitive functioning. 
Many neuropsychologists might conclude that he 
is malingering, share this feedback with him, and 
move on. However, from a VA healthcare systems 
perspective, this is inadequate. Regardless of the 
cause of his symptom complaints, the VA is 
responsible for managing and treating his symp-
toms. As there is solid evidence to suggest that the 
“cause” of his cognitive symptoms is not TBI, it is 
imperative that the patient be educated as such. 

 Arguably, the current system of care, with its 
focus on referring all patients who screen posi-
tive for TBI to undergo additional evaluations, 
may have created an iatrogenic effect in this indi-
vidual. This may well have created or amplifi ed a 
negative expectation that results in the patient 
thinking the media’s and VA’s attention on TBI 
must mean that a TBI equates to serious func-
tional impairment. We cannot expect patients to 
know the difference between a mild TBI and a 
severe TBI, nor can we expect them to appreciate 
that a brain injury does not necessarily equate to 
a life sentence of disability. It is unknown whether 
or not Mr. Smith was pursuing disability associ-

ated with TBI. Potential iatrogenic effects, 
secondary gain, and a lack of medical records 
related to the injury in question make this case 
complicated from an etiological perspective but 
typical from a clinician’s perspective within the VA. 

 Despite etiological uncertainty, there are a 
number of things the neuropsychologist can do to 
assist this patient. First, the patient should be 
educated about the uncertainty of making a TBI 
diagnosis but nonetheless provided with the clini-
cian’s best determination. In this case, it seems 
likely that the patient did sustain a mild TBI 
based on a likely period of PTA following 
impact of his head. Second, the patient should be 
provided with education regarding the typical 
 recovery pattern of mild TBI and told that his 
current worsening of cognitive symptoms is 
inconsistent with what is known about mild TBI. 
Third, he should be presented with the inconsis-
tencies in his test performance and asked, in an 
open-ended fashion, about these inconsistencies 
[ 106 ]. Fourth, the clinician should work collab-
oratively with the patient in discussing the poten-
tial impact that his current depression is having 
on his subjective cognitive functioning and his 
overall quality of life. This should be done in 
concert with normalizing post-deployment diffi -
culties and responding to the patient’s concerns 
and perspective in an interactive manner. Finally, 
recommendations to assist the patient in address-
ing the depression should be made, as well as tan-
gible educational information provided on mild 
TBI recovery, symptom management (no matter 
the cause), and depression. 

 Treatment recommendations in a case such 
as this should include outpatient psychotherapy 
to assist in learning more effective coping 
strategies and to prevent further escalation of 
mood- associated symptomatology. Referral to a 
chronic pain program may be considered to help 
the patient learn more effective coping strategies 
and assist him with pain management. Finally, 
though the patient is currently prescribed an 
antidepressant, if we take his report at face value, 
this medication is not effectively alleviating his 
depressive symptoms. As such, a psychiatric 
consultation might be useful to evaluate his 
current medication regime and assist with treat-
ment planning.   
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    Resources 

   www.dvbic.org    —provides information for pro-
viders, services members, and their families on 
management of mild TBI. 

   www.BrainLineMilitary.org    —provides military- 
specifi c information and resources on TBI to vet-
erans, service members in the Army, Navy, Air 
Force, Marines, National Guard, Reserve, and 
their families. Through video, webcasts, articles, 
personal stories, research briefs, and current 
news, those whose lives have been affected by 
TBI can learn more about brain injury symptoms 
and treatment, rehabilitation, and family issues 
associated with TBI care and recovery. 

   www.traumaticbraininjuryatoz.org    —provides an 
informative and sensitive exploration of TBI, 
including information for patients, family mem-
bers, and caregivers. Topics include types and 
symptoms of brain injury, TBI treatment and 
recovery, and helpful insights about the potential 
long-term effects of brain injury. Animation is 
used to help patients clearly understand the brain, 
and the results of injuries to different parts of the 
brain. Survivors and their caregivers share coura-
geous stories about their own experiences, pro-
viding down-to-earth facts along with inspiration 
and hope. 

   www.afterdeployment.org    —provides self- care 
solutions targeting post-traumatic stress, depres-
sion, and other behavioral health challenges com-
monly faced after a deployment. 

   www.biausa.org    —Brain Injury Association of 
America.     
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