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INTRODUCTION

The area of traumatic brain injury (TBI) rehabili-
tation is fast becoming one of the most highly tech-
nical, medically complex areas of physiatry. Physi-
atrists are physicians specializing in Physical Medi-
cine and Rehabilitation (PMR). Given the broad
scope and complexity of the field of brain injury
rehabilitation, this chapter will provide only an
overview of clinically germane topics in TBI reha-
bilitation rather than a review of all topics perti-
nent to military personnel following TBI. Important
philosophical, clinical, and programmatic aspects
have been emphasized regarding the clinical care
of this special patient population.

Brain injury rehabilitation, unlike any other sub-
specialty area in PMR, has undergone a rapid matu-
ration over the last 10 to 15 years. Additionally, the
neuromedical multidisciplinary expertise required
to care for this special patient population is not
matched by any other area of rehabilitation. with
which these authors are familiar. Much of the lit-
erature pertinent to the clinical care of individuals
with TBI is scattered among various medical disci-

plines, including neurosurgery, physiatry, general
surgery, neurology, psychiatry, ophthalmology, oto-
laryngology, orthopedic surgery, and gastroenter-
ology. There is, however, a growing literature base
in areas outside of medicine that is pertinent to re-
habilitative care of military personnel with TBI. This
literature encompasses areas such as neuropsychol-
ogy, neurophysiology, neuroanatomy, physical
therapy, occupational therapy, speech language
pathology, therapeutic recreation, rehabilitation
nursing, and rehabilitation social work.

Rehabilitationists have the opportunity to not
only support ongoing neurological recovery, but to
also affect facilitation of this recovery and allow for
better functional adaptation to residual neurologic
impairments, as well as physical disabilities. This
chapter will consolidate important information re-
garding rehabilitative care for military personnel
with TBI; care which will maximize not only the
neurologic and functional outcomes, but also the
rehabilitation cost efficiency from “coma to com-
munity.”

NOMENCLATURE

Although there is general consensus regarding
the importance of a common nomenclature within
this field of brain injury rehabilitation,1 one limit-
ing factor has been the lack of consistency in
neuromedical and “technical” rehabilitative termi-
nology. Without a standardized nomenclature, cli-
nicians cannot know if they are comparing “apples
to apples” or “apples to oranges.” One of the most
frequently misused or misunderstood areas of no-
menclature is that pertaining to low level neuro-
logic patients following brain injury. Terminology
such as coma, vegetative state, persistent vegeta-
tive state, akinetic mutism, and locked-in syndrome
are frequently used interchangeably when, in fact,
the neurobehavioral status is variable in each of
these diagnoses, which affects the care as well as
prognosis.2 Another area of frequent miscommuni-
cation deals with the term “head injury” as opposed
to “brain injury.” Although cranial trauma (head
injury), can be seen concomitantly with TBI, often
the two diagnoses are not synonymous. Many of
the sequelae that result from presumptive TBI may
be due to other diagnostic entities such as cranial
trauma, cranial adnexal trauma, or cervical injury
secondary to hyperextension-hyperflexion injury
(“whiplash”). Labeling an individual as having a

head injury when he actually has a traumatic brain
injury not only exacerbates patient denial regard-
ing the diagnosis, but is pathophysiologically and
diagnostically inaccurate.3

Another area of nomenclature misuse is descrip-
tion of muscle tone. Many times clinicians incor-
rectly interchange the terms “spasticity” and “hy-
pertonicity.” Spasticity is an increase in tonic stretch
reflexes that are velocity dependent and associated
with increased tendon reflexes; this is one compo-
nent of upper motor neuron syndrome. Hyperto-
nicity, on the other hand, describes an increase in
tone of a muscle during movement when the sub-
ject attempts to relax.4 Both of these terms should
be differentiated from rigidity, which is not associ-
ated with hyperreflexia, has no clonus or clasp-knife
response, and is not velocity dependent.

Clinicians should also accurately define brain
injury etiology; specifically, open or penetrating TBI
should be differentiated from closed or nonpen-
etrating TBI. Unlike civilian populations, military
personnel may incur much higher percentages of
penetrating injuries. Most occur as a result of mis-
sile wounds such as bullets or assaults with blunt
objects. An open injury always occurs when the
dura, a membrane immediately covering the brain,
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Fig. 6-1. Diagrammatic representation of
neuropathologic changes associated
with diffuse axonal shear injury relative
to areas of higher predilection for this
type of insult. (1) axonal shear at gray/
white matter junction; (2) axonal shear
injury in corona radiata; (3) axonal shear
injury in corpus callosum; (4) axonal
shear injury of lenticul-striate vessels
leading to basal ganglia infarction/hem-
orrhage; (5) axonal shear injury of cere-
bral peduncles; (6) axonal shear injury
of cerebellar peduncles. Reprinted with
permission. Copyright Robert Shepherd.
Shepherd Visual Communications: Rich-
mond, VA;1993.

Fig. 6-2. Diagrammatic representation of neuropathologic
changes and areas of predilection for focal cortical con-
tusion involving the medial frontal lobes and anterolat-
eral temporal lobes. Reprinted with permission. Copy-
right Robert Shepherd. Shepherd Visual Communica-
tions: Richmond, VA;1993.

is penetrated. Nonpenetrating (closed) TBI more
commonly results from acceleration-deceleration
type injuries and falls. Confusion continues regard-
ing descriptive terms that delineate the neuropa-
thology of TBI. Often, punctate hemorrhages are
documented as focal contusions even though the
two are not similar in appearance or pathoanatom-
ical origin. Classically, punctate hemorrhages are a
result of diffuse axonal shear injury, which may
occur, to varying degrees, in all brain injuries and
affects not only axonal integrity, but also neurovas-
cular structures (Figure 6-1). Contusions, on the
other hand, occur as the result of direct impact to
the involved area, resulting in either bland (non-
hemorrhagic) or hemorrhagic lesions (Figure 6-2).
Diffuse axonal injury and focal cortical contusion,
comprise the “primary” etiologies of brain injury.
Proper use of such neuroanatomic and neuropatho-
logic nomenclature has significant implications for
diagnosis, treatment, and prognosis.5,6

Although the above examples comprise only a
fraction of the commonly misunderstood or mis-
used nomenclature, they represent a global clinical
issue that must be addressed through appropriate
education and professional demands for nomencla-
ture consistency.

EPIDEMIOLOGY

Discussion of TBI epidemiology, either civilian
or military, is often complicated by the lack of con-
sistency regarding (a) how brain injury is defined
(nonpentrating vs penetrating brain injury), (b) the
differences in screening methodologies for TBI (TBI
plus multitrauma vs TBI alone), and (c) the differ-
ences in populations studied (inclusion or exclusion

of subpopulations, such as patients with a prior
history of substance abuse or TBI, and so forth). It
might seem surprising that during the last decade,
more deaths have resulted from nonwartime TBI
than all the U.S. wars fought since the founding of
the Republic. In the civilian population, accidental
death is the fourth most frequent cause of death in
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the United States, exceeded only by coronary ar-
tery disease, cancer, and cerebral vascular disease.
The primary cause of death to both sexes ages 15 to
24 years is accidental injury.7 Conservative civilian
statistics suggest that more than two million indi-
viduals per year incur traumatic brain injury and
approximately one quarter of these require hospi-
talization.8 Most deaths associated with TBI occur
at the time of injury or within the first several hours
thereafter. Of those individuals who survive, 50,000
to 70,000 will be left with permanent neurologic
impairments that will prevent their return to a pre-
injury lifestyle.

In civilian populations, motor vehicle accidents
account for about 50% of all TBIs. Falls are the sec-
ond most common cause of injury at approximately
a 20% incidence; violence, including gunshot
wounds and assaults, account for 12%; followed by
recreational injuries at about 10%.9 In civilian popu-
lations, research demonstrates that males typically
are injured two to three times more frequently than
females. Males between the ages of 15 to 24 years
have the highest rate of injury. The frequency dis-
tribution of TBI relative to age is trimodal, with the
young adult group being of highest frequency. The
two other peaks occur during infancy and in the
geriatric population.

Some studies10 have attempted to examine racial
correlates of TBI in civilian populations and have
found that suburban whites seem to have about a

50% lower incidence of TBI than suburban and in-
ner city blacks. Most TBI in inner city blacks appar-
ently correlates with assault, whereas the single
most common cause in both suburban blacks and
whites is automobile accidents.10 Unfortunately,
child abuse contributes to over 50% of infant TBI.
Falls account for most brain injuries in the geriatric
population.

Military studies examining incidence and type
of TBI include the extensive data collected and pub-
lished by the Vietnam Head Injury Study group.
Interested readers can find a discussion of this de-
tailed follow-up study at the end of this chapter, in
a section entitled The Vietnam Head Injury Study:
Overview of Results to Date. The data suggest that
penetrating TBI accounts for approximately 50% of
all military-related injuries.11 Penetrating injuries,
high velocity bullets, and fragments from explosive
devices seem to predominate as the mechanisms of
injury.12 During nonwartime, U.S. Army epidemio-
logical studies have shown a fairly equal incidence
of concussion across sexes; although, in general,
males predominated with regard to intracranial in-
jury and TBI.13 McCarroll and Gunderson14 pub-
lished data from a 5-year survey that indicated that
skull fractures and intracranial diagnoses were
found almost exclusively in males; whites had a
higher incidence of injury than blacks, and only 10%
of the injuries were alcohol related (97% of which
occurred in males).

PROGNOSTICATION ISSUES

Rehabilitation physicians are often asked to make
prognostic statements about patients who have suf-
fered TBI. The main factors that can aid the postin-
jury prognostication of this patient population in-
clude preinjury, injury, and postinjury parameters.
A significant amount of literature has been pub-
lished dealing with acute injury and the prognostic
implications of clinical and laboratory parameters.15

Few sound data are available that do justice to prein-
jury and postinjury factors relative to their role in
prognosis of either neurologic or functional outcome.

Preinjury Parameters

The preinjury parameters that must be consid-
ered when analyzing a patient’s prognosis include
(a) psychosocial background; (b) history of learn-
ing disability; (c) prior psychological and psychiat-
ric problems, or both; (d) prior history of substance
abuse; (e) prior brain injury (regardless of etiology);
and (f) developmental history.16,17 Available data

support the conclusion that people with higher pre-
injury levels of function have a better functional
outcome after TBI than individuals with subopti-
mal preinjury psychosocial or intellectual status, or
both. Although it is poorly quantified, factors such
as the amount of neural reserve, play at least some
part in determining how well an individual will
recover from TBI. Individuals with any significant
prior injury may find an otherwise trivial neuro-
logic insult much more devastating than if they not
had such a history. Research literature also supports
the general contention that younger patients typi-
cally have a better outcome than older patients,
from both neurological and functional standpoints
regardless of injury severity, although this relation-
ship of age does not appear to be linear.18

Injury Parameters

In the acute care setting, a significant number of
clinical parameters can be analyzed separately or
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together to assess both neurologic and functional
outcome prognosis. Probably the best known of
these is the Glasgow Coma Scale (GCS)19 score. The
scale provides clinicians with a brief, standardized
neurologic assessment tool for use in the acute care
setting. The GCS score has been shown to be highly
correlated with acute morbidity and mortality, as
well as, although not as strongly as, long term func-
tional outcome. The three clinical parameters that
make up the total GCS score (which ranges from 3
to 15) are (1) best motor response, (2)verbal re-
sponse, and (3) visual response. The scores are
differentially weighted with eye opening ranges from
1 to 4, best verbal response from 1 to 5, and best mo-
tor response from 1 to 6. GCS scores between 3 and
8 define severe neurologic insult; scores between 9
and 12, moderate; and scores between 13 and 15,
mild. Although each of the three variables on the
GCS holds prognostic utility in and of itself, the
motor score has proved to be the most sensitive rela-
tive to long-term outcome. The predictive validity,
specificity, and sensitivity increase significantly
when all three parameters are conjointly assessed.

Variations of the GCS scores such as the Glas-
gow-Liege Scale allow for more sensitive prediction
of outcome by taking into consideration clinical
evidence of brain stem dysfunction.20 Clinical find-
ings that are useful in early prognostication include
oculocephalic and oculovestibular reflex abnormali-
ties, which may indicate significant brain stem dam-
age. Longer durations of coma and posttraumatic
amnesia have also been associated with poorer neu-
rologic and functional outcomes. Advances in
neuroimaging have enabled correlations to be made
between early static imaging, as well as functional
imaging and outcome. Electrophysiologic assess-
ment by means of multimodal evoked potentials
(including visual evoked responses, auditory brain
stem responses, and somatosensory evoked re-
sponses) and a variety of electroencephalographic
(EEG) modalities, such as compressed spectral
analysis and quantitative EEG, have also been cor-
related either singularly or in multifactorial analy-
sis of outcome prognosis. A variety of cerebrospi-
nal fluid markers, including creatine kinase and
lactate dehydrogenase, have also been studied rela-
tive to their correlation with the severity of central
neurologic damage. Cerebrospinal fluid neurotrans-
mitter and neurotransmitter metabolite levels have
also been studied relative to their relation with acute
neurologic morbidity and mortality; levels tend to
have a direct correlation with a higher degree of
neurologic morbidity. Acute medical variables that
have been associated with a worse outcome include

mass lesions on imaging, protracted elevated intrac-
ranial pressure beyond 40 mm Hg, and cardiopul-
monary complications.21

Concurrent hypoxic ischemic injury, whether in-
ternal or external, must also be considered as a
comorbidity that is associated with poorer short-
and long-term neurological and functional progno-
sis. Hypoxic ischemic insult may be focal or diffuse.
The focal variety is generally the result of infarc-
tion of a vascular territory quite commonly in the
distribution of the posterior cerebral artery as a re-
sult of transtentorial temporal lobe herniation. Dif-
fuse hypoxic insult, similar to diffuse axonal injury
as a result of trauma, has a predilection for damaging
certain areas more than others, including the medial
temporal lobe structures (hippocampi), basal gan-
glia, and purkinje fibers of the cerebellum. When
severe, hypoxic insult may result in diffuse cortical
neuronal loss. Ischemic insult may also result in so-
called “watershed” infarctions in parenchymal ar-
eas between major arterial vascular territories.22

Postinjury Parameters

Numerous studies have been conducted in an at-
tempt to provide clinicians with information to aid
them in prognosticating outcome and morbidity in
the postinjury phase. Typically, once a patient has
reached rehabilitation, many clinicians are not as
attuned as they should be to the prognosticatory sig-
nificance of specific clinical findings or functional
impediments, or both. The longer the duration of the
vegetative state, particularly when over 3 months, the
greater the likelihood that the individual will remain
vegetative, all other things being equal. In minimally
responsive patients, some researchers have corre-
lated the presence of communicating hydrocephalus
and central dysautonomia with poorer neurologic
and functional outcomes.23 Agitation during the re-
covery phase has been theorized to correlate with
better than worse functional outcomes in compari-
son to withdrawn, psychomotorically retarded be-
havior. Anosognosia, or denial of deficit, can be a
troublesome neurobehavioral sequela of TBI due to
safety implications and the inability to appreciate
the need for further rehabilitative interventions.
Lower extremity flexion synergy patterns are typi-
cally considered to be a poor prognostic sign for
functional ambulation. Significant behavioral prob-
lems tend to indicate a poorer prognosis for suc-
cessful independent community reentry. Further re-
search is obviously necessary to clarify which spe-
cific impairments are poor prognostic indicators for
specific functional goals and abilities.
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MECHANISMS OF NEURAL RECOVERY

Multiple mechanisms have been proposed in an
attempt to explain recovery of function following
central nervous system (CNS) insult after TBI. How-
ever, there is little empirical support for a causal
link between the theorized phenomena and the re-
sultant functional recovery. Resolution of transient
neurophysiologic phenomena, including elevated
intracranial pressure, edema, and hypoxia, may be
responsible for some of the reversible impairments
noted in the earlier stages postinjury. Modification
of synaptic function has been suggested as a pos-
sible explanation for the phenomenon of diaschisis
(reversible depression of parenchymal function as-
sociated with focal insult to adjacent areas of brain
tissue). Alterations in neural connections through
axonal regeneration (not necessarily functional) and
collateral sprouting have also been suggested as
neural mechanisms mediating recovery of function.

Other theories posited include functional substi-
tution, vicarious functioning, and redundancy.
Functional substitution entails the overt or covert
use of alternative strategies to achieve the desired
functional outcome. In other words, following CNS
insult, the organism learns compensatory strategies
to cope with its functional disabilities. Vicarious
functioning implies that neural structures alter their
function in some indeterminate manner to allow for
subserving the direction of new functional tasks.
Redundancy, on the other hand, implies that fol-
lowing neural insult, there are “dormant” neural
circuits that have the capability of directing particu-
lar functions, but only do so “when called upon.”24

The concepts of neuronal sparing and neuronal
reorganization broadly define the two major puta-
tive neural mechanisms involved in enhancing the
potential for functional reorganization and recov-
ery of function following brain injury. Multiple ex-
perimental treatment regimens for inhibiting or
blocking the “neurotoxic cascade” following TBI are
presently being researched and are expected to have
clinical applicability in the near future. Research
utilizing agents that interfere with cholinergic and
glutaminergic tertiary nerve cell death, and that
impede calcium induced cellular damage and vaso-
constriction, remains furtive. Free radical research
continues at a very active pace. Experimental stud-
ies25 have demonstrated that oxygen free radicals
may be important mediators of brain injury and
brain edema. Researchers have found a multitude
of sources for oxygen radicals after neuronal injury,
including xanthine oxidase, peroxidases, catechola-

mines, and amine oxidases. Agents being examined
to impede oxygen-free-radical damage include su-
peroxide dismutase, catalase, vitamin E, and dim-
ethyl sulfoxide on lipid peroxidation inhibitors such
as the 21-aminosteroids (“Lazaroids” being one ex-
ample of this class of drugs).25

The release of excessive excitatory amino acids,
including glutamate and aspartate, were initially
hypothesized by Olney26 in 1969 to be associated
with neuronal death due either to acute osmotic
lysis or delayed excess intracellular free calcium.
Current thought among bench neural science re-
searchers is that excitotoxic phenomena may ren-
der neurons dysfunctional without necessarily kill-
ing them. It is well known that TBI results in the
widespread depolarization and nonspecific release
of a multitude of neurotransmitters and neuro-
modulators, both excitatory (glutatmate, aspartate,
and acetylcholine) and inhibitory (γ-amino butyric
acid [GABA] and opioids). The resultant “sublethal”
toxicity is theorized to be mediated by elevations
in intracellular calcium levels.25 The glutatmate re-
ceptor has three subtypes, named according to their
selective agonists: (1) N-methyl D-aspartate
(NMDA),(2) quisqualate, and (3) kainate. Labora-
tory studies27 have demonstrated that NMDA recep-
tor antagonists may protect against brain injury
secondary to cerebral ischemia and trauma. Issues
of dosing and toxicity need further investigation
prior to undertaking human trials. Recent work28

suggests a role for anticholinergic and GABAergic
agents in suppressing some of the adverse side ef-
fects from this class of presumptive neuroprotective
agents.

A variety of other neurotransmitter systems are
presently being studied relative to their contribu-
tion to acute brain injury. Cholinergic systems seem
to play variable roles in mediation of brain injury
and neural recovery relative to the time postinjury.
Evidence29 suggests that acute anticholinergic drug
administration after TBI tends to decrease the pe-
riod of unconsciousness either through decreasing
the extent of active inhibition of systems respon-
sible for regulation of consciousness, or lessening
the extent of neural injury. Researchers25 have hy-
pothesized that early anticholinergic therapy ben-
efits on long term motor deficits may be more re-
lated to its effect at blocking release of excitotoxins.

Catecholamines, particularly norepinephrines,
are actively being investigated relative to their role
in recovery from TBI related behavioral deficits.
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Early work by Hovda and Feeney30 demonstrated
that α-noradrenergic agonists and perhaps dopam-
inergic agents actually accelerated motor recovery
following sensorimotor cortex injury; whereas their
antagonists retarded recovery. The exact location at
which noradrenergic fibers emanating from the lo-
cus ceruleus need to be “stimulated” to mediate
accelerated motor recovery is a much debated area
of current research. Boyeson25 believes that the criti-
cal area is not related to diaschisis-like effects in
the sensorimotor cortex itself, but rather to alter-
ations in noradrenergic function in the cerebellum
contralateral to the site of sensorimotor cortex in-
jury. The present evidence31 is strong for an acute
role for noradrenergic treatment if given at appro-
priate times and under specific conditions. Con-
versely, in certain circumstances, noradrenergic
antagonists may actually be detrimental relative to
their potential to reinstate motor behavior deficits
following acute brain injury.

Stimulation of GABAergic systems have been
associated with ischemic events following both ex-
perimental and clinical brain injury. Studies have
demonstrated that early administration of GABA-
ergic agents (such as diazepam) may be deleteri-
ous relative to slowing of neural recovery and po-
tential reinstitution of neural deficits. Evidence also
suggests that increased central GABA levels may
enhance glutamate neurotoxicity by mechanisms
not yet clearly defined. Such evidence would sug-
gest a more conservative approach to the use of
GABAergic agonists, including benzodiazepines
and valproic acid, in the very acute setting after TBI.25

One area of active clinical research that may turn
out to be the “magic bullet” is that of hypothermia.
Researchers are presently investigating the role of
acute hypothermia in animal and human subjects
to determine the effects on a variety of neurochemi-
cal cascades, as well as the morbidity and mortal-
ity associated with acute brain injury. Clifton and
associates32 have evaluated the effects of moderate
hypothermia (30°C to 36°C) on mortality after ex-
perimental fluid percussion TBI in a rat model and
found significant protection from hypothermia at
the lower range of this temperature scale. Theoreti-
cally, hypothermia, among other explanatory
mechanisms, may actually slow down the neuro-
toxicity associated with the multitude of events oc-
curring immediately following TBI.

No neurotransmitter system acts in a totally iso-
lated manner. Therefore, treatment with a specific
neurotransmitter agonist or antagonist may directly
or indirectly modify functioning in other neu-

rotransmitter systems within the CNS. Clinically,
“therapeutic cocktails” may be necessary, either
with or without hypothermia treatment. The focus
of these polypharmaceutical “potions” will become
better as our understanding of neurotransmitter
system interrelationships improves. Once the sci-
ence of acute neurochemical alterations following
TBI is better understood, the potential exists for
acute treatment in the field by emergency medical
technician personnel or in hospital emergency
rooms with specific drug or hypothermia protocols,
or both. As we “go where no man has gone before,”
the hope for more successful treatments for acute
brain injury grows brighter by the day.25,27,32

Denervation supersensitivity and reactive syn-
aptogenesis (also called axon collateral sprouting)
have also been theorized33 to play a potential role
in neural reorganization; however, it remains un-
clear whether such reorganization is always adap-
tive as opposed to maladaptive.

Some clinicians24 believe that functional recovery
is a consequence of an inherent, albeit poorly de-
fined and understood, ability on the part of the CNS
to adapt to injury. It is critical to understand the
realities of age-related, genetically driven, central
processes that drive functional recovery. Specifi-
cally, neuronal sparing mechanisms in early devel-
opment are distinct in comparison with those pro-
cesses occurring in more mature organisms. In the
real world, most of the evolutionary consequences
of brain injury for nonhumans are functionally and
physiologically maladaptive because they result in
the organism being more prone to predation in the
wild. Parallels can be drawn to what happens to
humans after severe brain injury. In the best of all
worlds, based on sound scientific rationale,
rehabilitationists can intervene in the recovery pro-
cess to beneficially (or even negatively) affect reha-
bilitation outcome.

Research34 suggests that the rate of neurologic re-
covery is more amenable to interventional manipu-
lation than the ultimate level of neurologic recov-
ery. It should also be realized that faster is not nec-
essarily better. There are inherent risks associated
with rushing recovery. Specifically, maladaptive
pathoanatomic mechanisms and functional behav-
iors may be triggered or reinforced, or both. The
development of a more comprehensive understand-
ing at a basic-science level of what really happens
as patients recover following brain injury is critical
if rehabilitationists are to intercede optimally into
this complex process and maximize neurologic and
functional recovery.33
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ADVANCES IN CLINICAL TREATMENT: POSTACUTE PHARMACOTHERAPY

The basic tenant of positively affecting neurologi-
cal outcome and functional status after brain injury
through the use of pharmacologic agents is by no
means new.35,36 Nonetheless, most rehabilitation
professionals have relied almost exclusively on
nonpharmacologic modalities to address sequelae
following traumatic and nontraumatic brain injury.
Physiatrists, as of late, have become more comfort-
able at managing both the pharmacologic and the
more traditional nonpharmacologic rehabilitative
aspects of care of individuals following brain injury.

Until recently, there was little if any evidence that
medications could make a difference in either the
rate or plateau of neurologic and functional recov-
ery following brain injury. Now, good evidence in-
dicates that many acute, subacute, and chronic neu-
rologic and functional sequelae resulting from brain
injury can be lessened and potentially abated
through the thoughtful and appropriate use of phar-
macologic agents.37 Many pharmacologic agents
may have potential utility in altering function fol-
lowing brain injury. Much of what is known about
pharmacologic TBI rehabilitation is based on theo-
ries derived from work done at the basic-science
level with animal models, or from individual clini-
cal experience. The peer reviewed scientific litera-
ture, as it presently stands, does not provide much
well controlled, methodologically sound, prospec-
tive research data regarding this topic. Nonetheless,
clinicians should be aware of the major pharm-
ocologic agents in each neurotransmitter class in
order to better grasp how they may have an affect,
positive or otherwise, on neurological recovery and
functional capabilities following brain injury. In
addition, rehabilitation professionals should be fa-
miliar with the major side effects of these drugs.
Although drug interactions, precautions, and
contraindications must also be considered, these
topics are beyond the scope of this chapter. The
reader is referred to other sources for this informa-
tion, but should remember that these reference texts
provide guidelines and information only on Food
and Drug Administration (FDA) approved drug
uses and dosage ranges. It should be noted that
many of the medications prescribed for post-TBI
sequelae are not FDA approved for the particular
application in which they are being utilized. Physi-
cians should be aware of potential medicolegal is-
sues inherent in utilizing non-FDA approved medi-
cations, medications in applications that are not
FDA approved, or medications in higher doses than

FDA approved. The following paragraphs will out-
line the major drug groups presently in use by
physiatrists versed at neuropsychopharmacology
and TBI rehabilitation.

The major catecholaminergic drugs are levodopa
(L-dopa), amantadine, bromocriptine, pergolide,
lisuride, and some of the more classic stimulant
drugs, such as dextroamphetamine, methylpheni-
date, and pemoline. The classic dopamine agonist
has historically been L-dopa. A combination formu-
lation of L-dopa and Carbidopa is also available.
The use of the combination drug minimizes periph-
eral (non-CNS) side effects and increases the
amount available for CNS incorporation. L-dopa
has its action presynaptically and is agonistic at
both the D1 and D2 receptor sites.38 Side effects are
numerous, but the more frequent ones include
dyskinesias, various bradykinetic episodes (ie, “on–
off” phenomena), psychiatric disturbances, gas-
trointestinal disturbances (nausea, vomiting, anor-
exia, and slowing of gastric motility), as well as
orthostatic hypotension. Carbidopa-L-dopa is avail-
able in ratios of 1:10 (100 mg L-dopa to 10 mg
carbidopa) and 1:4 (100 mg L-dopa to 25 mg
carbidopa). Most patients with clear clinical evi-
dence of dopaminergic deficiency will respond to a
1:10 ratio provided the daily dosage of carbidopa
is 70 mg or more. When the 1:4 ratio is used, the
usual starting dose is 1 tablet three times a day, in-
creasing by one tablet every 2 days up to a maxi-
mum dosage of 6 tablets daily. If the 1:10 ratio is
used, the usual starting dose is 1 tablet three to four
times a day, increasing by one tablet every 2 days,
to a maximum of 8 tablets daily.39 In addition to
carbidopa, the enzyme inhibitors benserazide and
L-deprenyl (a monoamine oxidase Type B inhibi-
tor) have been used in conjunction with L-dopa in
an attempt to increase therapeutic efficacy.

Amantadine hydrochloride has been utilized
clinically as an antiviral agent, as well as an anti-
Parkinsonian agent. Its exact mechanism of action
is still not fully understood; however, it has been
theorized to have a presynaptic action, as well as a
possible postsynaptic action.40 Some researchers
have speculated that amantadine may also increase
central cholinergic and GABAergic activity.41

Therapy can be initiated at between 50 to 100 mg/d
and increased to a maximum of 400 mg daily. Since
the drug is not metabolized and is excreted un-
changed in the urine, dosage adjustments must be
made when there is concurrent decreased renal func-
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tion, such as in the elderly or in patients with renal
disease. Peripheral side effects include, but are not
limited to, peripheral edema, lightheadedness,
orthostatic hypotension, hot and dry skin, rash, and
livedo reticularis. Livedo reticularis is a discolora-
tion of the skin that occurs in a reddish-blue to
purple blotchy pattern. The reaction tends to occur
after at least 1 month of treatment and it may occur
more commonly at higher doses. Livedo reticularis
is totally benign and the medication does not need
to be discontinued unless the cosmetic aspects out-
weigh the therapeutic benefits.39 Central side effects,
which are more commonly seen in the geriatric
population, include confusion and hallucinations.

Due to the L-dopa “indirect” mechanism of ac-
tion, researchers have pursued and developed sev-
eral direct dopamine-receptor stimulating agents,
all of which fall in the ergotalkaloid class. These
direct agents include bromocriptine, lisuride, and
pergo-lide. Both bromocriptine and lisuride are an-
tagonistic at the D1 receptor and agonistic at the
D2 receptor. Pergolide, on the other hand, is ago-
nistic at both the D1 and D2 receptor sites.
Bromocriptine mesylate tends to produce fewer
problems with dyskinesias, but more problems with
mental side effects, orthostasis, and nausea than L-
dopa.38 Clinical results have demonstrated a tripha-
sic response to bromocriptine with dopamine
agonism, occurring only in the midrange doses.
Dosing should start with a test dose of 1.25 mg and,
if tolerated, the patient can then receive 2.5 mg daily,
increasing fairly quickly to a three to four times a
day dose. Once at 10 mg/d, the dose can be in-
creased every 4 days by 2.5 mg. Typically, clinical
experience has dictated that doses higher than 60
mg/d are unnecessary in patients with acquired
brain injury. The manufacturer has not established
safety limits for dosages greater than 100 mg daily.

Pergolide and lisuride are relatively new agents
in this country and there is little if any literature on
their utility in the pharmacologic rehabilitation of
individuals with brain injury. It should be noted that
pergolide is an extremely potent dopamine agonist
and only very small doses are required. In this
author’s limited experience with pergolide, most
patients with brain injury are unable to tolerate the
drug secondary to sedation. Lisuride is also ex-
tremely potent and therapeutic effects are typically
seen with daily doses ranging from 4 to 10 mg daily.38

Most of the ergot alkaloids also have concomitant
central serotonergic receptor agonism, which might
explain the high incidence of changes in mental sta-
tus with this class of dopamine agonists.

The classic “psychostimulant” drugs include
dextroamphetamine, methylphenidate, pemoline,
and to a lesser extent, activating tricyclic antide-
pressants. These agents have typically been theo-
rized to have mixed dopaminergic and noradren-
ergic agonist activity. Dextroamphetamine has been
theorized to produce noradrenergic agonism by block-
ing the reuptake mechanism for norepinephrine. In
higher doses, it is also dopaminergic by a similar
mechanism of dopamine reuptake blockade.42 Dos-
ing of dextroamphetamine should be initiated at 5
mg once to twice daily. The maximum recom-
mended dose of dextroamphetamine is 60 mg/d;
however, there are little if any data addressing dos-
ing limits in individuals following brain injury. To
avoid problems with insomnia, the last dose of
medication should be given at least 6 hours before
the patient’s bedtime. There is evidence that “pulsed”
dosing of noradrenergic agonists by standard for-
mulations rather than extended release dosing may
be preferential with regard to the resultant psycho-
stimulant effects. Generally, adults are fairly sensi-
tive to psychostimulant therapy, particularly after
brain injury. Relative or absolute “toxicity” may be
manifested by anxiety; dysphoria; increased irrita-
bility; cardiovascular symptoms; headache; palila-
lia (pathological use of words and phrases); stereo-
typical thoughts; cognitive impairment; hallucina-
tions; insomnia; and motor disorders including
dyskinesias, tics, and worsening of spasticity.43

Methylphenidate hydrochloride is a mixed
dopaminergic, noradrenergic agonist whose phar-
macologic action is similar to amphetamines. The
main sites of action appear to be the cerebral cortex
and subcortical structures such as the thalamus.
Dosing typically should be initiated at 5 mg twice
a day and titrated up to a maximum dose of 60 mg
daily. An extended release formulation is also avail-
able. The adverse effects of this drug are analogous
to those of dextroamphetamine.

Pemoline is an oxazolidinone derivative stimu-
lant with pharmacologic actions qualitatively simi-
lar to dextroamphetamine and methylphenidate.
Evidence suggests that pemoline may have its
stimulatory effect through dopaminergic mecha-
nisms. The drug is typically dosed initially at 37.5
mg daily as a morning dose with increases of 18.75
mg made weekly, as appropriate. The effective dose
typically ranges from 56.25 to 75 mg daily. The most
frequently encountered adverse effects include in-
somnia and anorexia, both being dose related.

The major serotonergic drugs are trazodone hy-
drochloride, fluoxetine, buspirone, sertraline, par-
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oxetine, and L-tryptophan. Trazodone hydrochlo-
ride is a triazolopyridine derivative that selectively
inhibits serotonin uptake. Initial dosing should
begin at low doses (50–150 mg), typically at bed-
time with food. The dose should be on the lower
end of the dosing range in geriatric patients sec-
ondary to more common side effects such as seda-
tion and orthostatic hypotension. The dose may be
increased by 50 mg/d every 3 to 4 days to a maxi-
mum of 400 mg daily. If closely monitored, as in an
inpatient setting, the maximum dose may be as high
as 5 mg/kg daily. Fluoxetine is also a serotonin
reuptake inhibitor, but it tends to be more activat-
ing than other serotonergic drugs like trazodone.
Initial dosing should be 20 mg/d as a morning dose.
Doses above 20 mg/d should be given on a twice a
day schedule with a maximum daily dose of no
more than 80 mg. The major reported side effects
include headache, nausea, nervousness, and in-
somnia.44 Buspirone is a novel benzodiazepine
anxiolytic which is theorized to work through its
serotonergic agonist activity at the 5-HT1 receptor.
It should also be noted that this medication is pre-
synaptically antagonistic at the D2 dopaminergic
receptor.45 The medication should be initiated at a
dose of 10 to 15 mg twice a day and increased over
4 to 6 weeks to a maximum of 60 mg/d, based on
patient response and tolerance.46 The main side ef-
fects with buspirone are dizziness, headache, ner-
vousness, and lightheadedness.

Newer selective serotonin reuptake inhibitors
(SSRIs), such as paroxetine and sertraline, also show
promise in the treatment of affective disorders. Gen-
erally, paroxetine is dosed from 10 mg to 50 mg/d
and may be taken as a single dose. The most com-
mon side effects are nausea, headache, dry mouth,
and an altered sleep–wake cycle, as well as—albeit
less commonly—ejaculatory dysfunction.47 Sertra-
line, also an SSRI, is dosed from 50 mg to 200 mg
daily. Commonly reported side effects are gas-
trointestinal (nausea and diarrhea), headache,
tremor, dizziness, dry mouth, altered sleep–wake
cycle, and male sexual dysfunction.48 L-tryptophan
is a serotonergic precursor that has recently received
quite a bit of attention secondary to the incidence
of eosinophilia-myalgia syndrome. This syndrome
has been purportedly traced to a bad batch of this
pharmacologic agent produced in Japan.49 For now,
its use remains barred by the FDA. Newer seroton-
ergic uptake inhibiting drugs that are still under
clinical investigation and may prove useful from a
neuropharmacologic rehabilitative standpoint in-
clude citalopram and fluvoxamine.

The two most commonly used opioid antagonists
are naloxone and naltrexone, the latter being pre-
ferred secondary to its oral route of administration
and prolonged mode of action. Dosing typically
starts low, with 12.5 mg to 25 mg daily with titra-
tion up to 150 mg/d with an average daily dose of
50 mg. Exact dosing schedules and upper limits for
TBI have not been established. The major side ef-
fects relate to gastrointestinal complaints and hepa-
tocellular injury.

Agents with GABAergic activity are commonly
used in the general rehabilitation setting. It should
be noted, however, that only a few of these can be
recommended for use in a patient with concomi-
tant brain injury, particularly in the early phase of
neural recovery. Classic antispasticity agents such
as valium and baclofen are GABAergic agents,
GABA A and GABA B, respectively. Many of the
presently available anticonvulsant agents are also
GABAergic, specifically, valproate, barbiturates,
and benzodiazepines. Other commonly utilized
anti-convulsants, such as phenytoin and carbam-
azepine, are felt to mediate anticonvulsant effect
through other neurochemical systems.50 From a
clinical standpoint, many GABAergic agents tend
to be overly sedative with concomitant suppression
of cognitive processes. The use of these agents in
the subacute and chronic phases following brain in-
jury should be examined carefully given their po-
tential side effects.37

Valproic acid is typically dosed at 15 mg/kg/d.
Dosages may be increased by 5 mg/kg/d to 10 mg/
kg/d at weekly intervals until clinical efficacy is
achieved or adverse side effects prevent further in-
creases. Due to potential adverse gastrointestinal
side effects, it is recommended that the drug be
administered in two or more divided dosages. The
maximum daily recommended dose is 60 mg/kg.
Side effects are generally dose dependent.

Although various agents fall under the category
of cholinergic substances, most of them have fairly
limited utility secondary to their lack of CNS speci-
ficity, poor ability to penetrate the CNS, short half-
life, and side-effect profile. Various drugs, includ-
ing direct agonists, acetylcholine precursors, and
acetylcholinesterase inhibitors have been utilized
in an attempt to provide “cholinergic stimulation”
following brain injury. Newer drugs such as
tetrahydro-9-aminoacridine (THA), also commer-
cially known as Tacrine, may hold better promise
than more standard drugs, such as physostigmine.

The following discussion reviews some of the
potential pharmacologic approaches to dealing with
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posttraumatic impairments. The specific residua
have been listed alphabetically.

Appetite Dysregulation

Alterations in appetite are common in patients
with brain injury. The hyperphagic patient, or
“bulimic type,” must be contrasted with the hypo-
phagic, or “anorectic type.” Presumptive central
neurochemical and neurophysiologic mechanisms
responsible for alterations in appetite regulation
form the basis of drug treatment for these functional
sequelae.51 The present consensus, based on animal
as well as human studies,52,53 suggests that seroton-
ergic agonists (sertraline, fluoxetine, and fenflur-
amine), opioid antagonists (naltrexone), and possi-
bly corticotropin releasing hormone may all inhibit
feeding behavior. Interestingly, there is recent evi-
dence that questions whether the anorexigenic ef-
fects of sertraline and fluoxetine are mediated by
5-hydroxytrytophan.54 Central serotonergic antago-
nists such as cyproheptadine can be utilized when
there are problems with anorexia or hypophagia.52

Ataxia

Various forms of brain injury can result in cer-
ebellar ataxia, including trauma, stroke, tumor, de-
generative conditions, and inherited ataxias such
as Friedreich’s ataxia. Several authorities have re-
ported that the serotonergic precursor L-tryptophan
can significantly improve cerebellar ataxia due to a
variety of primary etiologies.55–57 Oral thyrotropin-
releasing hormone also appears to be a promising
agent.38,39 Other agents that have been utilized with
some success include propranolol, gamma-vinyl
GABA, acetazolamide, and phthalazinol.57 Peterson
and associates have reported good success with
amantadine for Friedreich’s ataxia, presumably
through either a dopaminergic or more likely a
GABAergic mechanism.41

Autonomic Dysregulation

One of the most challenging clinical conditions
to treat following severe CNS injury is that of auto-
nomic dysregulation with associated symptoms of
hyperthermia,58 diaphoresis, tachycardia, and tach-
ypnea. Numerous neurochemical systems have
been theorized to be involved with central control
of temperature regulation, but relatively speaking,
hypothalamic dopaminergic systems seem to play
a very significant role.59,60 Hyperpyrexia following

brain injury has been successfully treated at a cen-
tral level with dopaminergic agonists,61 morphine,
β-blockers, and neuroleptics. Dantrolene sodium
has also been utilized to help decrease peripheral
systemic effects such as rigidity commonly associ-
ated with this condition.

Cognitive Behavioral Dysfunction

Before any pharmacologic agent is administered
in an attempt to improve cognitive function, one
must first establish whether the individual’s inter-
nal and external environments have been maxi-
mized and stabilized.

The examination of the internal environment
should be composed of assessing the individual’s
present neuromedical condition. Neuromedical is-
sues that could present as alterations in cognitive
function include (a) basic metabolic aberrations; (b)
nutritional depletion; (c) occult infection; (d) neuroen-
docrine dysfunction; (e) suboptimal cerebral blood
flow or oxygenation, or both; (f) posttraumatic hy-
drocephalus; (g) late extra-axial collections; and (h)
unrecognized posttraumatic seizure disorders. Other
critical internal factors include the neuronatomic
correlates of injury made evident by either static or
dynamic imaging technologies; postinjury medical
history (ie, significant hypoxic-ischemic injury, el-
evated intracranial pressures, etc.); and preinjury
factors, such as prior brain injury, substance abuse,
learning disability, or psychiatric illness.

The examination of the external environment
must take into consideration the extent of stimula-
tion and the cognitive-behavioral status of the in-
dividual at that particular time. It must be recog-
nized that, structured or not, the extent and com-
plexity of environmental stimulation must be
gauged by the individual’s cognitive-behavioral
profile. A patient who is highly volatile, easily irri-
tated, or hyperaroused will do better with less
stimulation than with more. On the other hand, the
individual who tends to be at the lower end of the
functional scale, or who becomes confused in unfa-
miliar surroundings, will perform better, cogni-
tively speaking, when provided with more struc-
tured stimulation in a familiar environment. Many
times, individuals with brain injuries who have se-
vere physical disabilities are assumed to be also
disabled from a cognitive standpoint; this is not al-
ways the case. In these individuals, cognitive per-
formance may actually suffer secondary to inad-
equate environmental stimulation, sometimes near-
ing the point of environmental sensory deprivation.
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It is also critical to consider issues of aging (in-
cluding the inherent decline in learning ability and
retention of new information that is known to oc-
cur with aging) on the potential response of an in-
dividual to medication following TBI.62 Addition-
ally, certain situational variables appear to influence
the performance of geriatric subjects; specifically,
older individuals perform more poorly when task
difficulty is high, or when complex encoding strat-
egies or mnemonics are required.

A variety of neurochemicals have been hypoth-
esized as being involved with the mediation of cog-
nitive processes. It is rather a limited viewpoint that
attempts to explain cognitive function by Occam’s
razor, that is, hypothesizing the simplest explana-
tion possible to rationalize a particular process.
Cognition is most likely a set of processes mediated
through the interaction of a variety of neurochemi-
cal systems. Some of the neurochemical substrates
that have been proposed to be involved in media-
tion of cognitive processes (both facilitory and in-
hibitory) include cholinergic, catecholaminergic,
neuropeptidergic (vasopressin, thyrotropin releas-
ing hormone [TRH], endogenous opioids, neu-
ropeptide γ, and adrenocorticotropic hormones
[ACTH]), GABAergic, and hormonal systems. Other
substances (vitamin cofactors and trace metals)
have also been theorized to play important roles in
allowing normal neurophysiologic reactions to pro-
ceed unabated.

Many drugs have been advocated to improve
memory, learning, and general cognitive function.
Disappointingly, there is as yet no magic bullet,
possibly as a result of the reflection of the nature of
the basic neurophysiological and neurochemical
processes in question rather than a lack of adequate
understanding on the part of researchers regarding
cognitive processes. Of the agents that have been
studied, the response rates have been quite vari-
able, or the sample populations or experimental
methodologies (or both) have been suboptimal.
Ultimately, research may find a “cognitive enhance-
ment cocktail” that combines various agents in an
attempt to normalize and even maximize the neu-
rochemical environment deemed to be most con-
ducive to enhancement of cognitive processes. At
this time, there does not appear to be one single
cognitive enhancing drug (CED) that works all the
time for every individual who suffers from posttrau-
matic cognitive deficits.

In recent years, there has been a fairly extensive
body of literature examining the potential influence
of hypothalamic and pituitary neuropeptides on
learning and memory.63 Vasopressin analogues and

ACTH have been reported to improve memory and
learning in numerous test situations in humans and
several species of animals. One hypothesis is that
ACTH/MSH (melanocyte stimulating hormone)
affects attentional and motivational processes,
whereas vasopressin is more directly involved in
memory processes. On the other hand, opioids spe-
cifically, beta-endorphin and met-enkephalin) seem
to have amnestic qualities that can be reversed
through administration of opioid antagonists, such
as naloxone or naltrexone.64 The only published
double-blinded, placebo controlled studies that spe-
cifically examined the utility of vasopressin in per-
sons with TBI found no clinically significant ben-
efit.65,66 Regardless of ultimate efficacy, the electro-
lytic effects of vasopressin on sodium homeostasis
may be the limiting factor in clinical application of
this CED. More recent research on the utility of TRH
as well as vasopressin, has been conducted at the
University of Washington in the Department of
Rehabilitation Medicine as part of their Rehabilita-
tion Research and Training Center in Traumatic
Brain Injury.67 Preliminary data seem encouraging
regarding a potential role of these agents in memory
enhancement mediated by cholinergic systems.

Of all neurotransmitter systems proposed to play
a role in memory function, the cholinergic system
has without question received the most attention.
Most of the work in this area emanates from re-
search in senile dementia, Alzheimer’s type. Al-
though the scientific literature is mixed regarding
the role of cholinergic pathways in memory func-
tion, an increasing number of drug studies67 in hu-
mans and animals suggest that pretreatment with
anticholinergic drugs disrupts memory storage,
whereas cholinergic agonists may actually produce
dose-dependent facilitation or disruption. Some
research67 also suggests that a neurochemical dis-
sociation of cholinergic memory systems exists,
such that cholinergic neurotransmission is required
for declarative, but not procedural, memory. Inter-
estingly, there may actually be a “therapeutic win-
dow” for cholinergic agents so that beneficial ef-
fects are present only at middle range doses and
are absent at low range doses; whereas high doses
lead to impaired cognitive function.68

The approach to treatment of cognitive deficits
referable to cholinergic system augmentation may
take one of three main routes: (1) precursor agents
such as choline or lecithin, (2) anticholinesterases
such as physostigmine or THA, or (3) direct cholin-
ergic agonists such as bethanecol or oxotremorine.69

Only a few scattered studies, with rather mixed
results, have specifically addressed the utility of
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cholinergic agents in individuals with TBI.70–72

Tetrahydro-9-aminoacridine, a potent anticholinest-
erase, may be a cholinergic “drug of the future”
secondary to the fact that it can be administered
orally, has a relatively long half-life, and has a rea-
sonable side effect profile.73 Most recently, it has
achieved attention relative to a potential role in the
treatment of cognitive deficits associated with se-
nile dementia. The utility of this specific drug is yet
to be clarified in individuals with TBI. CDP-cho-
line (cytidene 5’-diphosphocholine), an essential
precursor in the synthesis of brain glycerophospho-
lipids, has been studied in patients with TBI to en-
hance neurorecovery, including cognitive perfor-
mance. Results to date, including several placebo
controlled or double blind studies, or both, look
promising.74,75 For now, the pharmacological side
effects and suboptimal modes of administration of
many of the cholinergic agents limit their clinical
usefulness.

A large body of evidence indicates that catechola-
mines may be involved in the modulation of learn-
ing and memory. A number of drug studies have
suggested that drugs that disrupt catecholamine
systems disrupt memory storage, while catechola-
mine agonists produce dose-dependent facilitation
or disruption. As an example, amphetamine has
been shown to have no effect at low doses, improve-
ment at restricted dosage ranges, and impairment
at higher doses.76 The major catecholaminergic neu-
rotransmitters are norepinephrine and dopamine.
It is possible to affect the net balance of neurotrans-
mitter effects, as well as turnover, through the ad-
ministration of agents that ultimately affect the net
activity at the postsynaptic receptor site. Drugs may
exert their effect by increasing release from presyn-
aptic stores (methylphenidate), increasing produc-
tion and release from the presynaptic vesicles (L-
dopa/carbidopa), decreasing reuptake into presyn-
aptic vesicles (nortriptyline, desipramine), or acting
directly at the postsynaptic receptor site (bromo-
criptine). Some agents, such as amantadine, may
effectuate their ultimate agonistic effect at both the
presynaptic and postsynaptic receptors through a
variety of mechanisms.77 The use of psychostimu-
lants, such as amphetamine or Ritalin, typically re-
sults in improved concentration and performance,
a suppression of fatigue, and an elevated mood.
These noradrenergic drugs may also produce the
adverse side effects of anorexia, hypertension, ta-
chycardia, and aberrant behavioral changes (ie,
euphoria or dysphoria). Although multiple studies
have utilized catecholaminergic agonists after brain
injury, very few have specifically assessed their util-

ity for remediation of cognitive dysfunction.78,79 One
case study80 involving the assessment of clonidine
(a central α-2 noradrenergic agonist) found no ben-
efit to this particular pharmacologic intervention.

Nootropics are a relatively new class of CNS-
active drugs that have a direct functional impact
on the higher integrative mechanisms of the brain.
A few of the nootropic-like drugs that have been
advocated to improve cognitive function include
piracetam, etiracetam, aniracetam, pramiracetam,
vincamine, dihydro-ergotamine, and centro-
phenoxine. Their chemical structures are quite dif-
ferent and their specific mechanisms of action are
still unknown. Some of the proposed mechanisms
of nootropic action include facilitation of dopam-
ine release, increase of acetylcholine turnover, and
inhibition of α-adrenoreceptors. One study81 in TBI
did demonstrate some beneficial effects of pram-
iracetam. Unfortunately, most of the more promis-
ing nootropic agents are still unavailable for clini-
cal use in this country. The beneficial effects of
Hydergine, a dihydrogenated ergot alkaloid, were
recently reviewed by McDonald,82 and he concluded
that it produced some global improvement in
memory. However, a recent well controlled study83

using ergoloid mesylates for Alzheimer’s disease
failed to show any significant memory benefit. No
studies have specifically assessed the utility of this
drug for treatment of cognitive dysfunction in in-
dividuals after TBI.

Numerous drugs aside from Hydergine have
been utilized to improve cognitive function second-
ary to their presumed beneficial effects on cere-
brovascular blood flow. These drugs include papav-
erine hydrochloride, cyclanedelate, naftidrofuryl,
and pentoxifylline. Although some literature sug-
gests a beneficial effect of these agents in geriatric
populations with concomitant “dementia,” there
has been no substantial exploration of the benefits
of these agents in persons with cognitive dysfunc-
tion following TBI.

Given the neurochemical complexity of cognitive
processes, it should not be surprising that pharma-
cologic agents may have the potential to actually
impair cognitive processes in both noninjured and
injured brains. It is critical to remain aware of the
relative risks of certain pharmacologic agents in terms
of their potential to impede cognitive processing.

Three main classes of drugs are felt to have the
potential to interfere with cognitive functioning by
way of their basic neurochemical mechanisms of
action: (1) catecholaminergic antagonists, (2)
GABAergic agonists, and (3) cholinergic antago-
nists. Agents that block catecholaminergic receptor
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sites have been linked with deficits in attention,
concentration, and memory. The main drug catego-
ries in this group are neuroleptics and antihyper-
tensives. Neuroleptics such as haldol, thiothexene,
and mellaril are primarily used for treatment of
behavioral disturbances and act by dopaminergic
blockade. Ideally, they should only be used for treat-
ment of acute agitation and are rarely needed for
long term behavioral management. Antihyperten-
sives such as methyldopa, propranolol, and pra-
zosin act by noradrenergic blockade and, therefore,
may impair cognitve function in the individual with
brain injury. All possible attempts should be made
to avoid these agents given the availability of many
other antihypertensives that act peripherally and
are just as clinically effective (ie, ACE [angiotensin
converting enzyme] inhibitors, calcium channel
blockers, etc.).84

The multiple potential clinical uses of GABAergic
agonists include seizure management, spasticity
treatment, control of aggression, and as sedative
hypnotics. The adverse cognitive effects that have
been reported with this class of drugs include state-
dependent learning, paradoxical agitation, and
transient global amnesia. One must, therefore, re-
alize that medications such as valium, baclofen,
clonazepam, lorazepam, and temazepam, are not
innocuous agents with regard to their potential cog-
nitive side effects.

The association of anticholinergic use and cog-
nitive impairment is by no means foreign to most
practicing physicians. The fact that antidepressants
are so commonly prescribed following TBI bespeaks
judicial use of this class of medications, including
an awareness of the relative anticholinergic poten-
cies of specific agents.84 Given the fact that newer
and less anticholinergic agents are now available
(eg, fluoxetine, trazodone, sertraline, and parox-
etine), it would seem reasonable to assess the effi-
cacy of these agents in individuals with TBI to as-
certain the true potential of these agents in the treat-
ment of organic affective disorders.85

Hemiinattention and Neglect

Ascending dopaminergic pathways have been
experimentally implicated in mediation of atten-
tional processes, including hemispatia neglect. Two
small studies have demonstrated a potential utility
of dopamine agonists, specifically bromocriptine,
in the treatment of neglect secondary to cerebrovas-
cular accident86 and TBI.87 Both studies utilized an
A–B–A paradigm and demonstrated significant dif-
ferences in testing performance, as well as func-

tional capabilities, while patients were receiving
dopamine agonist pharmacotherapy. Further stud-
ies are obviously warranted based on the encour-
aging results of these two.

Movement Disorders

A variety of movement disorders have been
treated with some success following brain injury.
These include dystonia, tremors, Parkinsonism, tics,
akathisia, myoclonus, and dyskinesias (such as cho-
rea, ballismus, and athetosis).

Dystonia, whether focal, segmental, or general-
ized, has been treated with a variety of agents, but
with mixed results. Dopaminergic agonists and an-
tagonists, anticholinergics, baclofen, benzodiaz-
epines, and carbamazepine have all been utilized in
the treatment of this class of movement disorders.88,89

Following TBI, tremors are typically of the pos-
tural or kinetic type (or both), whereas resting trem-
ors are typically seen with nontraumatic degenera-
tive cerebral disorders, which result in dopaminer-
gic deficiency. Pharmacologic treatment tends to
work better for nontraumatically induced tremor
than for tremor resulting from trauma. A variety of
drugs have been utilized, including β−adrenergic
blocking agents, benzodiazepines, dopaminergic
agents, valproic acid, and anticholinergics.90–92 Drug
induced tremor must always be considered a result
of iatrogenic prescription or patient use of nicotine,
or both.93

Parkinsonism, when a result of trauma, can be
treated fairly well with pharmacologic intervention.
Following diffuse brain injury, numerous authori-
ties have reported patients with Parkinsonian-like
symptoms, such as bradykinesia, dysarthria, de-
creased facial expression, and rigidity.79,94 Drugs that
have been shown to be effective for “ posttraumatic
Parkinsonism include dopaminergic agonists and,
to a lesser extent, anticholinergics.

Tics are a rare consequence of acquired brain
injury.88,89 The drugs used to treat tics include
GABAergic agonists, dopamine antagonists, and
to a lesser extent, noradrenergic drugs, such as
clonidine.47

Akathisia has been reported following brain in-
jury and in animal models is thought to be associ-
ated with a relative dopaminergic deficiency in the
prefrontal area. Successful treatment of akathisia
using bromocriptine has been reported.95 Other
drugs that have been utilized, but with fairly lim-
ited success, include benzodiazepines and β-adren-
ergic blockers.96 Myoclonus is a common sequela of
severe hypoxic ischemic brain injury, but can also
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be seen after nonhypoxemic brain injury. Cortical
myoclonus must be differentiated from epilepsy
partialis continua.97 A variety of drugs, including
benzodiazepines (clonazepam), serotonergic ago-
nists (such as trazodone and L-tryptophan),
valproic acid, primidone, and piracetam, have all
been reported effective.98,99

Dyskinesias can occur in a variety of conditions
and be manifested as ballismus, chorea, or atheto-
sis. As a result of trauma, these types of movement
disorders can result from thalamic or striatal injury,
or both. Typically, the drugs that have shown some
utility for TBI associated dyskinesias include
dopaminergic antagonists and a variety of anticon-
vulsants, including carbamazepine, phenobarbital,
valproic acid, and phenytoin.88,100,101 It should be
noted that certain dyskinesias may actually be
atypical presentations of posttraumatic epilepsy.

Neurogenic Heterotopic Ossification

The only pharmacologic therapies presently
available to minimize the extent of morbidity asso-
ciated with neurogenic heterotopic ossification fol-
lowing brain injury involves the use of etidronate
disodium102 and nonsteroidal antiinflammatory
agents (NSAIDs). Didronel presumably works by
interfering with biological calcification; specifically,
impairing the calcification of osteoid. When there
is still an acute phase to the condition, NSAIDs have
been advocated to decrease the suspected inflam-
matory component of this pathologic process.

Didronel therapy is typically initiated at 20 mg/
kg/d and the dose is subsequently lowered after
several weeks to months to 10 mg/kg/d. There are
no well controlled, reliable trials examining the use
of this agent in homogeneous brain injury popula-
tions; therefore, many, if not all, of the recommen-
dations are based on spinal cord injury literature.
The main side effect of the medication involves gas-
trointestinal complaints in the form of diarrhea and
nausea.

Posttraumatic Seizures

At the present time, most neurosurgeons in this
country use either phenytoin or phenobarbital for
early management of seizures or seizure prophy-
laxis (or both) due to the fact that these medications
can be administered parenterally (by intravenous
route in the acute care setting). It is still unclear as
to the exact utility of anticonvulsant agents in the
prevention versus suppression of posttraumatic
seizures.103–105

Recent literature by Temkin and associates103 is
highly supportive of the conclusion that phenytoin
treatment for prophylaxis (treating with anticonvul-
sant medication to suppress potential seizures even
though none have occurred) is efficacious only dur-
ing the first week postinjury. Ongoing research also
reveals that prophylaxis with other agents (such
as carbamazepine) is also ineffective. Studies are
presently underway to examine the prophylactic
use of other agents, such as valproic acid. Except in
very high risk cases, such as a penetrating brain
injury, the common practice in most progressive
rehabilitation centers is to discontinue anticonvul-
sant treatment if it has been prescribed prophylac-
tically. Even in high risk cases it may be prudent to
wean patients off medications and see how they do,
treating only if they declare themselves. Whether
or not to treat after one late (after the first week)
seizure or to wait for the second late seizure remains
controversial.

A current trend within the field of brain injury
rehabilitation is to advocate the utilization of spe-
cific anticonvulsants in the postacute setting follow-
ing brain injury (traumatic or nontraumatic), spe-
cifically, carbamazepine and valproic acid.105,106 In
general, carbamazepine should be a first line agent
for treatment of partial seizures, whether simple or
complex. On the other hand, valproic acid should
be the agent of choice for multifocal epilepsy and
generalized tonic-clonic seizures. This is not to say
that select patients may not achieve better seizure
control, potentially with fewer side effects, on
agents such as phenytoin and phenobarbital. Clini-
cians should also be aware that valproic acid has
been associated with encephalopathy and alter-
ations in consciousness, most likely secondary to
hyperammonemia.107 On the other hand, recent ex-
perimental evidence suggests that valproate may
be the most efficient agent relative to suppression
of kindling phenomena. Another advantage that
psychotropic anticonvulsants have over other sei-
zure medications are their potentially positive ef-
fects on behavior. This is not to say that some pa-
tients may not do better on other agents, such as
phenytoin for seizure control; however, the clini-
cian must examine all aspects of a particular agent
prior to instituting treatment. Obviously, drug in-
teractions, side effects, cost, and compliance issues
of the various anticonvulsant medications must be
taken into consideration on a case-by-case basis.

Various studies108–110 have demonstrated signifi-
cant negative effects on cognitive function second-
ary to phenytoin and phenobarbital. A recent
study111 questioned these general findings, bringing
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to light the need for further research in this area. A
variety of newer agents, such as oxcarbazepine,
felbamate, vigabatrin, flunarizine, lamotrigine, and
others, are presently being studied in an attempt to
develop more effective drugs with fewer cognitive
and systemic side effects.112

Sexual Dysfunction

Following brain injury, it is common for individu-
als to have problems in the area of sexuality. One of
the most regular complaints is alteration in libido.113

Hyposexuality can be treated with a number of dif-
ferent pharmacologic agents, including activating
antidepressants, yohimbine (a noradrenergic ago-
nist), dopamine agonists, and hormonal supple-
mentation.114 Hypersexuality, on the other hand, is
a relatively rare clinical condition that is more dif-
ficult to broach from a pharmacotherapeutic stand-
point. Hormonal agents, specifically, medroxy-
progesterone acetate, have been utilized to “chemi-
cally castrate” individuals with severe hypersexu-
ality problems.115 For patients who have bitempo-
ral involvement and associated hypersexuality as
seen in Kluver-Bucy syndrome, carbamazepine is
generally considered the treatment of choice.116

Other agents that may hold potential utility for
treatment of the hypersexual patient following
brain injury include serotonergic GABAergic and

opioid agonists.115 There are obviously significant ethi-
cal and medicolegal ramifications in the utilization
of agents affecting sexual drive in this population.

Speech and Language Disorders

A number of different medications have success-
fully been used for a variety of speech and language
disorders in patients with brain dysfunction.
Bromocriptine has been reported to improve speech
dysfunction in patients with diffuse TBI with dos-
ages ranging from 20 to 40 mg daily.117 Another se-
ries of studies demonstrated the efficacy of
bromocriptine in the treatment of dysphasia, spe-
cifically, the transcortical motor variant.118,119 Animal
studies have yielded some support for the role of
dopaminergic pathways in both spontaneous and
reflex swallowing,120,121 leading to human studies
that support the potential efficacy of dopamine ago-
nist therapy for dysphagia following brain injury
utilizing L-dopa/carbidopa.122 Parkinsonian hypo-
kinetic dysarthria has been treated with low dose
clonazepam (0.25–0.5 mg/d); the probable mecha-
nism for its efficacy being striatal GABAergic
agonism.123 Lastly, a case of posttraumatic adult
onset stuttering responsive to anticonvulsant treat-
ment has been reported, suggesting that ictal speech
disorders should always be considered in this pa-
tient population.124

NEUROMEDICAL ISSUES

There are numerous neuromedical issues that the
physiatrist must take into consideration when treat-
ing the survivor of TBI. Early identification of cra-
nial nerve injuries not only has potential prognostic
significance, but is also critical relative to institu-
tion of appropriate treatment regimens.125 The cli-
nician must be familiar with the diagnosis and man-
agement of central hyperthermia and autonomic
dysregulation syndrome,61,126 neurogenic hetero-
topic ossification,127 hypertonicity,128 fractures,129

nutritional issues,130 pulmonary and tracheostomy
problems,131 peripheral nerve injuries including
neuropathies and plexopathies,132 and concurrent
spinal cord injury.133 It is also critical for the physi-
atrist to have specific knowledge of subpopulations
of TBI patients, including pediatric and geriatric.134–136

A number of neurologic conditions may not mani-
fest themselves until sometime after the initial neu-
rologic insult. Posttraumatic communicating hydro-
cephalus may occur in up to 8% of survivors of se-
vere TBI and typically present with evidence of
neurologic deterioration or plateau in the face of

ongoing ventriculomegaly without associated sul-
cal enlargement.137 Sophisticated procedures, such
as cerebrospinal fluid infusion studies, may assist
the clinician in making a more definitive diagnosis
and proceeding with shunting, the definitive treat-
ment. Subdural hematomas and hygromas may
develop and progress in the postacute period,
thereby providing some rationale for the practice
of follow-up imaging.138 Posttraumatic seizures and
epilepsy are relatively common clinical conditions,
particularly after severe TBI, and physiatrists
should have a thorough understanding of the po-
tential clinical presentations, workup, and treat-
ment of this class of posttraumatic disorders.139 Al-
though rare, other late neurological disorders
include posttraumatic movement disorders, neu-
ropsychiatric complications, functional deteriora-
tion associated with aging, and certain neuroendo-
crine disturbances.

Cognitive and behavioral problems are frequent
following all severities of TBI. Cognitive dysfunc-
tion may take many forms. Clinicians must ad-
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Fig. 6-3. Basic surface anatomy of the brain demonstrat-
ing the relative demarcations for the four main lobes:
frontal, parietal, temporal, and occipital. Reprinted with
permission. Copyright Robert Shepherd. Shepherd Visual
Communications: Richmond, VA; 1993.

TABLE 6-1

NEUROBEHAVIORAL PROBLEMS
ASSOCIATED WITH DAMAGE TO
SPECIFIC LOBES OF THE BRAIN

Lobe Problems

Frontal Orbitofrontal and dorsolateral
neurobehavioral syndromes

Parietal

Dominant Gerstmann’s syndrome (finger
agnosia, dysgraphia, dyscalculia,
and left-right disorientation)

Nondominant Topographical disorientation,
dysprosodia, and neglect

Temporal Episodic dysphoria, alterations
in libido, episodic dyscontrol,
temperolimbic epilepsy (TLE)

Occipital Anton’s syndrome, cortical
blindness

equately delineate the type of dysfunction present
to determine if it is at all remediable. Many concur-
rent issues may exacerbate cognitive problems, in-
cluding inappropriate medication prescription,
vestibular problems, sleep–wake cycle dysfunction,
chronic pain due to posttraumatic headache or
myofascial dysfunction, and visuovestibular dys-
function. Although, as previously mentioned, there
are no magic bullets for cognitive dysfunction, the
professional may want to consider more traditional
cognitive remediation interventions, including com-
puter based cognitive retraining. There is generally
a trend toward functionally based remediation of
cognitive dysfunction, preferably in the environ-
ment in which the behavior occurs, whether at home
or work.140 As previously discussed, pharmacothera-
peutic interventions may also augment the poten-
tial benefit gained from more traditional physiatric
interventions.141 Patients with other factors exacerbat-
ing their cognitive dysfunction must have these fac-
tors addressed concurrent with other interventions.

Behavioral issues are relatively commonplace
following TBI. Comprehensive assessment should
include elicitation of an adequate history, use of
symptom rating scales and behavioral assessment
measures, evaluation of brain structure and func-
tion by way of imaging and electrophysiological
assessment, and neuropsychological evaluation.
Several behavioral assessment tools are available,
including the Structured Clinical Interview,142 Neu-
robehavioral Rating Scale,143 Hamilton Rating Scale
for Depression,144 and the Overt Aggression Scale.145

A variety of neurobehavioral alterations may be
seen following brain insult. Personality changes,

intellectual deterioration, and affective disorders
may manifest themselves as a direct result of TBI.
Other conditions, not directly related to TBI, must
also be taken into consideration, including posttrau-
matic stress disorder, reactive depression, and
sleep–wake cycle disturbances related to pain from
myofascial dysfunction or orthopedic injuries, or
both. Organically based affective disorders may
present as depression, mania, delirium, and psycho-
sis. Anxiety, aggression, irritability, mood lability,
and sleep–wake cycle disturbances are also quite
common in this patient population.146 Clinicians
should be aware of both behavioral and pharmaco-
logical approaches to the management of behavioral
issues.147 Some of the other issues that may aggra-
vate behavioral problems following TBI include
chronic pain, vestibular dysfunction, organically
based fatigue, medication side effects, substance
abuse, preinjury psychologic and psychiatric dys-
function, organic affective disorders, recurrent head
injury, learned maladaptive behaviors, and situ-
ational specific conflicts.146 Clinicians should also be
familiar with the array of neurobehavioral condi-
tions that may be seen with brain injury, both focal
and diffuse. Knowledge of regional brain anatomy
(Figure 6-3) and neurobehavioral correlates is criti-
cal for the practicing clinician who works with TBI
survivors (Table 6-1).
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ADVANCES IN FUNCTIONAL ASSESSMENT

EXHIBIT 6-1

BRIEF REVIEW OF SOME OF THE MORE
FREQUENTLY UTILIZED FUNCTIONAL
ASSESSMENT MEASURES IN TBI
REHABILITATION

General Scales

Disability Rating Scale

Glasgow Outcome Scale

Modified Barthel Index

Functional Independence Measure (FIM)

Functional Assessment Measure (FAM)

Rancho Los Amigos Scale

Adapted PULSES

Glasgow Assessment Schedule

Scales for Persons with Severe Alterations in
Consciousness

Coma Recovery Scale

Western Neurosensory Stimulation Profile

Sensory Stimulation Assessment Measure

Coma/Near Coma Scale

As brain injury rehabilitation has matured, cli-
nicians have realized the critical need for valid and
reliable assessment and outcome evaluation mea-
sures. The development of such measures has
resulted from a lack of applicability of overall
health and functional measures from other areas of
medical rehabilitation, and general and mental
health. Physiatrists working with TBI survivors
must delineate the cornucopia of impairments that
each patient presents, and must also identify how
these specific impairments result in disability and
handicap.

Clinicians have tried to develop outcome and
functional assessment measures that correlate with
real world function. These measures may also be
used to track functional progress, response to a spe-
cific treatment or nontreatment, and to assess the
efficacy of specific interventions or programs, by
utilizing review and case management for possible
outcome prognostication. Prior to utilizing any
measure for any purpose, clinicians need to be fully
apprised of the specificity and sensitivity of these
scales, as well as their validity and reliability.148

Many general status measures have been devel-
oped for TBI,149 including the Disability Rating
Scale, Rancho Los Amigos Scale, Glasgow Outcome
Score, and Glasgow Assessment Scale. Other mea-
sures have been designed specifically to use with
patients at low levels of neurological function, in-
cluding the Coma Recovery Scale, Coma/Near
Coma Scale, Sensory Stimulation Assessment Mea-
sure, and Western Neurosensory Stimulation Pro-
file. Several scales address multidimensional func-
tional status evaluation, including the Functional
Inventory Measure, Functional Assessment Mea-
sure and Patient Evaluation Conference System, and
others.

 There are a number of more focused clinical mea-
sures for delineation of communication, cognitive,
behavioral and psychosocial function. Measures
addressing community and vocational integration,
and life satisfaction and stress have been less well
developed for this specific patient population. Re-
fer to Exhibit 6-1 for a review of specific measures
for individuals with TBI.

It is critical for clinicians to realize that there are
inherent limitations in functional assessment and
outcome measures. For example, measures, per se,
do not give evidence of intervention effectiveness.
Use of functional measures to “prove” effectiveness

is at best an inference based either on research de-
sign or preexisting causal knowledge garnered from
controlled research.

There are also a number of domains of function
that are not adequately addressed in TBI functional
assessment and outcome measures. Some of these
parameters that are particularly critical include psy-
chosocial functioning, avocational activities,
neurobehavioral status, higher level physical and
cognitive deficits, limitations secondary to lack of
insight and judgement, and job maintenance capa-
bility.

Given the aforementioned, it is extremely impor-
tant for clinicians to understand why they are
utilizing a specific measure, and the strengths and
limitations of each instrument. When applied ap-
propriately, functional outcome and assessment
measures can serve the clinician, third party pay-
ers, patient, and family in a positive manner. When
used indiscriminately, these measures can do more
harm than good.
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MODEL SYSTEMS CONTINUUM OF CARE FOR TRAUMATIC BRAIN INJURY

The need for a comprehensive continuum of
neuromedical and rehabilitative care for individu-
als with TBI, regardless of severity, cannot be over-
emphasized.150 Coordination of services, across
medical disciplines and among healthcare special-
ists will increase the ultimate quality of patient care.
Timely and appropriate intervention also decreases
both short- and long-term morbidity and mortality
associated with TBI.151 The VA medical system has
recently designated a select number of its hospitals
to serve as brain injury treatment centers and pro-
vide comprehensive services to soldiers with TBI.
In the military there are frequently no physiatrists
assigned to evacuation or corps-level hospitals.

Leadership Issues

It has become apparent from the Model Systems152

experience that the success of the interdisciplinary
team, and the system itself, is dependent on a strong
team leader. For a team to fully integrate across inter-
disciplinary as well as multidisciplinary “barriers,”
there must be firm guidance and strong leadership
from a senior clinician. The central leadership role is,
in essence, the glue that holds the system together. In
the field of brain injury rehabilitation, many chal-
lenges face physicians relative to both clinical and
nonclinical training. These include brain injury expe-
rience during residency, specialization controversies,
continued medical education, and an ability to serve
in administrative capacities as leader of an interdisci-
plinary or transdisciplinary team.152,153

General TBI Education

Ignorance of TBI sequelae is quite common in the
community at large and among health-care profes-
sionals. Regional TBI education by neuromedical
and rehabilitative professionals who specialize in
TBI care, both acute and chronic, should be included
in a comprehensive rehab-ilitation program. This
would serve not only to increase awareness of the
problems faced by individuals with TBI, but would
improve the quality of care given to such individu-
als.152

Emergency Medical Services

Appropriate emergency medical services are an
essential feature of comprehensive TBI neuromedi-

cal care continuum. The ultimate goal of a well
trained and efficient casualty evacuation service is
rapid, early intervention; patient stabilization; and
subsequent transport to a predesignated medical fa-
cility that can provide the equivalent of level 1
trauma center care for patients with severe head
injuries (as defined by a GCS score of 3 to 8). Desig-
nated military medical facilities treating moderate
and severe brain injury should have neuroimaging
facilities available; specifically, computed tomog-
raphy (CT) scanning and magnetic resonance im-
aging (MRI). Based on ongoing research, other im-
aging modalities, including single photon emission
computed tomography (SPECT) may soon become
standard. Appropriate ground and air transporta-
tion services should be available to transport more
severely injured patients to level 1 trauma centers
or their functional equivalent. Expeditious evacua-
tion from the accident or battle scene to acute
neuromedical facilities will allow for more accurate
neurosurgical diagnosis and treatment, thereby
minimizing secondary brain injury and its associ-
ated morbidity and mortality. Any patient seen in
emergency room facilities who is subsequently dis-
charged to duty should have appropriate supervi-
sion and adequate monitoring, as well as referral
for follow-up if needed. If appropriate supervision
is unavailable, the patient should be admitted to
the hospital for observation.152

Professionals evaluating more subtle head inju-
ries and TBI should be aware of criteria that justify
hospital admission, such as GSC scores of less than
15, focal neurologic deficits, altered mental status,
abnormal CT scans, and so forth.3 Mild brain injured
patients evaluated in emergency room facilities
should be given general information sheets and
provided with appropriate information regarding
postconcussional disorders. Line commanders
should be educated regarding postconcussive
symptoms and the specifics of monitoring behav-
ioral and performance abilities of their soldiers. If
the soldier exhibits any lasting postconcussive prob-
lems, more definitive assessment is warranted
through referral to a larger military hospital.

Acute Neurosurgical Care

Patients admitted for treatment or observation,
or both, regardless of severity of injury, should be
screened, preferably by a rehabilitation medicine
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consultation service. Proper communication across
disciplines, that is, neurosurgery and rehabilitation
medicine, has proven to be a critical factor in the
development of a continuum of quality care for TBI
patients. Additionally, it is not uncommon that
problems that lead to potential morbidity issues and
higher level cognitive linguistic deficits are some-
times overlooked by acute care physicians, thereby
necessitating the involvement of a physiatric con-
sultant. If possible, interdepartmental rounds
should occur to review patient condition, individual
team recommendations, and disposition issues. A
timely and efficient hierarchy of communication
should exist in order to inform consulting rehabili-
tative services of patient admissions to the neuro-
surgical service. Routine interservice communica-
tions ultimately allow for smoother transitions of
care if and when the patient is transferred to the
care of the rehabilitation medicine physician.

Neuromedical and rehabilitative issues that can
be addressed by the physiatrist for patients with
mild TBI include diagnosis and treatment of
postconcussive symptoms, such as posttraumatic
headaches, audiovestibular disorders, balance dis-
orders, visual changes, olfactory and gustatory dys-
function, and cognitive behavioral deficits.3

For more severely injured patients, the major is-
sues of neuromedical management to be addressed
by the physiatrist include skin care, bowel and blad-
der management, behavioral management, tone
control, maximization of nutritional status, main-
tenance of joint range-of-motion, and optimization
of the patient’s potential for maximum neurologic
and functional recovery through both pharmaco-
logic and nonpharmacologic modalities. During the
acute period of treatment, particularly in cases of
severe injury, it is essential to have a multidisciplin-
ary neuromedical staff available.152 The staff must
be familiar with complications associated with TBI
including, but not limited to, neurogenic hetero-
topic ossification, traumatic myositis ossificans,
posttraumatic seizures, spasticity management,
neuroendocrine disorders, neuroophthalmologic
problems, olfactory dysfunction, audiovestibular
deficits, orthopedic injuries, dysphagia, tracheo-
stomy management, and posttraumatic psycho-
logic, as well as psychiatric disturbances.154

Services that should be readily available for con-
sultative purposes as part of the acute continuum
of TBI care include neuroophthalmology, ophthal-
mology, gastroenterology, general and orthopedic
surgery, neurology, dental medicine, oral surgery,
plastic surgery, urology, substance abuse, derma-
tology, and ear, nose and throat.

In both acute neurosurgical and acute brain in-
jury rehabilitation care, prevention of morbidity is
a critical contribution of the physiatrist and reha-
bilitation team. Specifically, aggressive efforts
should be made to counteract the adverse effects of
immobility. Early care that can decrease the com-
plications associated with protracted immobiliza-
tion are (a) passive and passive assisted range-of-
motion exercises to decrease muscle atrophy, (b)
mobilization efforts (ie, getting the soldier out of
bed once intracranial pressures [ICPs] are con-
trolled), (c) contracture prevention through posi-
tioning, (d) ranging and splinting, (e) turning pro-
tocols to prevent skin breakdown, and (f) deep vein
thrombosis prophylaxis. Spasticity treatment, in-
cluding potential use of neurolytic agents for mo-
tor point or nerve blocks (or both), should also be a
focus of early rehabilitative care.

Acute Brain Injury Rehabilitation

Once patients are medically stable, and at the
discretion of the consulting physiatrist, certain pa-
tients with brain injury may meet criteria for ad-
mission to acute inpatient brain injury rehabilita-
tion programs. Ideally, these units should be dedi-
cated to the severe TBI patient population, in both
the space allocated for the unit and the treatment
team. In the modern military, this may mean cer-
tain designated continental medical centers or spe-
cialized VA hospital facilities. Use of a transdisci-
plinary team approach, and training the staff to be
sensitive to medical and psychosocial issues com-
monly encountered after TBI helps to maximize
treatment efficacy. Specific admission criteria
should be developed for all units.

As appropriate, some programs should attempt
to designate separate units or a small portion of bed
space to “early recovery management programs”2

for patients who exhibit slow neurologic recovery.
Ideally, patients should be admitted within the first
3 months postinjury; however, patients who are
further along than 3 months postinjury should also
be considered as candidates. It should be under-
stood that their potential for recovery is much
smaller than the potential of those patients who are
within the first 3 months postinjury.

Slow to recover patients should generally be
given a 2 to 3 month trial of inpatient care with the
goal set at maximization of their recovery potential
and minimization of neurologic and functional
morbidity. If there are no significant improvements,
other dispositions, such as long-term placement,
need to be considered. Long-term care facilities,
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typically based in skilled nursing homes, should be
staffed by healthcare professionals adept at deal-
ing with the multitude of functional and neuro-
medical issues relevant to TBI survivors. Some op-
portunity for rehabilitative follow-up is critical in
order to assess neurologic or functional change,
whether positive or negative, and the need for appro-
priate modification of existing treatment plans.154

Ideally, a transdisciplinary team approach should
be implemented when working with survivors of
TBI. The team works with the patient and the fam-
ily to maximize recovery from both a neurologic and
functional standpoint. The team consists of a vari-
ety of disciplines beyond the medical ones. These
disciplines include rehabilitation nursing, physical
therapy, occupational therapy, speech-language
pathology, cognitive therapy, neuropsychology, re-
habilitation nursing, rehabilitation social work, di-
etetics, pharmacy, and spirituality/religion. Team
rounds and conferences should be held regularly,
and, when possible, all treating team members
should be in attendance. This process increases the
team’s ability to assess and treat the variety of is-
sues that may be new or ongoing with regard to
the individual’s recovery and rehabilitation. Pref-
erentially, didactic lectures, journal club, and
weekly administrative meetings should be held to
promote the cohesiveness of the team.153

All patients admitted to an inpatient brain injury
rehabilitation unit should receive a complete
neuromedical workup to fully assess any factors
that may be compromising their neurological or
functional recovery process. The standard neuro-
medical workup should include a thorough history
and physical; including full neurologic and func-
tional assessment; EEG; static brain imaging; neu-
roendocrine assessment as indicated; as well as full
nutritional and metabolic evaluation, and compre-
hensive evaluation to rule out concurrent infection.
To rule out inappropriate or excessive medications,
a thorough review and assessment of medications
must be conducted, preferably in conjunction with
a pharmacist. As indicated, patients should be seen
by a psychiatric consultant for evaluation and treat-
ment of postinjury neurobehavioral sequelae. Pre-
injury substance abuse issues, which may effect
short- and long-term potential, should be addressed
as early as possible with the assistance of substance
abuse consultants.6,155

A critical part of any brain injury rehabilitation
program, regardless of the neurologic or functional
level of the patient, should involve family training.
Early and ongoing family involvement as active
members of the rehabilitation process, including the

time after discharge, improves patient outcome and
should be encouraged. Institutional as well as com-
munity resources should be developed to allow
families to cope with the changes that have incurred
in their own lives, as well as the life of their loved
one. Such resources include rehabilitation service
support groups and community support groups
through such organizations as local and state
chapters of the National Head Injury Foundation
(NHIF). (The main office is in Washington, DC and
can be contacted at 202-296-6443 or 1-800-444-6443.)

Outpatient Clinical Services

Once patients are discharged from an inpatient
brain injury rehabilitation unit they will require
ongoing therapeutic services. Patients who are re-
ferred to the outpatient clinic, regardless of the se-
verity of injury, should be evaluated by a transdisci-
plinary outpatient team. If such a team is not avail-
able, there should be an assessment performed by
the releasing rehabilitation medicine physician in
conjunction with the new unit’s available therapy
staff. All relevant areas should be addressed, includ-
ing issues relating to mobility status, activities of daily
living (ADLs), communication, bowel and bladder
status, cognitive and behavioral status, sexuality,
and vocational and avocational status. Both patient
and family should be included in these discussions.

Appropriate professional resources should be
available to work with patients in the outpatient
clinic setting. These professional resources include
psychologic, neuropsychologic, rehabilitation nurs-
ing, and rehabilitation social work. Outpatient clinic
staff, including the physician, should be familiar
with resources within the community and the sur-
rounding regions so they can optimize the quality
of long term care services for the patient and his
family. Such services include driver evaluation de-
signed to assess driving skills after TBI, vocational
services, behavioral management programs, tran-
sitional and independent living programs, and long
term care facilities. Appropriate coordination of
outpatient rehabilitation services, including day
rehabilitation and outpatient therapies, is critical to
providing a smooth transition from inpatient sta-
tus. Families should be referred to a variety of com-
munity resources, including their local chapter of
the Brain Injury Association (BIA). Community
mental health services and recreational programs
should be recommended as needed. Literature on
TBI from various sources, including BIA, should be
distributed to patients and families to increase their
understanding and awareness of TBI deficits.
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Special diagnostic and therapeutic programs
should be implemented in all facilities caring for
TBI patients, and for those individuals who have
suffered so-called mild traumatic brain injury with
associated postconcussive symptoms or cognitive-
behavioral dysfunction, or both. Implementation of
such programs requires that the treating physician
have a thorough knowledge of the etiology, diag-
nosis, and management of these problems. Addi-
tionally, adequate resources, either within the in-
stitution of origin or in the surrounding commu-
nity, are necessary for accurate diagnosis and man-
agement of specific postconcussive disorders, in-
cluding audiovestibular dysfunction, cognitive and
behavioral disturbance, and posttraumatic head-
ache. An integral part of such a program should
include compensatory strategies for attention defi-
cits, memory problems, and impaired mental flex-
ibility; rapid processing is imperative. For the pa-
tient with mild TBI, the neuropsychological staff
must have specialized training and expertise in TBI
evaluation, interpretation, and treatment. Counsel-
ing services for patients and families should be
available to help their adjustment to associated se-
quelae. Higher level cognitive and behavioral
changes, which may interfere with vocational rein-
tegration, need to be addressed by a qualified vo-
cational specialist.156

Neurobehavioral Programs

Neurobehavioral programming is one of the least
met needs of survivors of TBI relative to the con-
tinuum of clinical care. Typically, neurobehavioral
programs are rendered in skilled nursing facilities
or in community based environments. Only a few
select programs exist in acute care hospital settings,
and those are for the most severe patients who also
might require aggressive and significant neuromedical
workups. This problem stems from a lack of a gener-
ally agreed-on programmatic content for this aspect
of treatment. Additionally, the level of expertise in
nonpharmacologic and pharmacologic manage-
ment varies greatly across programs. Given that
psychosocial and behavioral issues make a major
subset of posttraumatic sequelae and compromise
individual survivor capacities for significant com-
munity reentry, it is surprising that so few resources
have been allocated to this clinical service.157

Home Based Services

In recent years, one of the major advances in ser-
vice provision has been the development of home

based, neurologic rehabilitation care. This service
has allowed patients to make quicker transitions
from institutionalized care to their home environ-
ments. It also negates the significant concerns re-
garding the general applicability of information
learned in environments foreign to the home set-
ting (ie, instructions). Many community based re-
habilitation programs go beyond administrative
home care and extend their services to vocational
and avocational activities. The successful programs
to date have utilized a model of physician directed
transdisciplinary care, with a sensitivity to the gen-
eral preponderance of the individual’s nonneuro-
medical needs. General healthcare trends suggest
that such programs, from both a clinical and cost
efficacy standpoint, may usurp many of the present
modalities of providing rehabilitation care.158

Vocational Rehabilitation

An ultimate measure of how successful rehabili-
tative efforts have been is how well survivors of TBI
are able to reintegrate into the work place. Numer-
ous methodologies are being utilized to facilitate
work reentry, including vocational retraining, sup-
ported employment, sheltered workshops, and
work hardening.159 The combination of early inter-
vention and follow-up tends to maximize results
of vocational reentry efforts; however, it does not
guarantee success. Vocational reentry efforts must
focus on the functional strengths of the person with
TBI, and must also be keenly sensitive to areas of
functional deficit. It is not yet known which meth-
odology works best for patient population subtypes
relative to preinjury job characteristics and educa-
tion, postinjury sequelae, or sociocultural back-
ground, but to achieve a maximal level of survivor
interdependency, both in and outside the work
place, skills that are applicable in the “real world”
must be taught.160

Trends in Service Provision: Case Management

Case management is probably one of the stron-
gest movements in the field of brain injury reha-
bilitation. In the best of worlds, case management
can provide TBI patients a safety net in several
ways: (a) the case manager can assist in securing
needed services while at the same time assuring that
every dollar spent is used judiciously; (b) case man-
agement can provide a “common-thread” that spans
the network of services each survivor must negoti-
ate; and (c) when properly applied, timely institu-
tion of case management services, for patient and
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family, produces better outcomes of neurologic and
functional morbidity and lowers overall costs.161

Community Based Living Alternatives

For survivors of TBI who have significant cogni-
tive and behavioral, or physical limitations, the op-
tions for community based living are typically quite
limited. Just as a continuum exists for general service
provision, so does one exist for community based
living. The most restrictive settings are usually in-
stitutional and involve 24-hour supervised living
environments and structured daily therapeutic in-
tervention. As the environment becomes less restric-
tive, based on client ability to function more safely
and independently, the level of supervision, as well
as the intensity of that supervision, typically de-
creases. Additionally, clients tend to spend less time
institutionalized and more time “in community”
with concomitant increases in personal freedoms
and free choices.162 One area in the service con-
tinuum for community based living that needs more
attention is that of accessible and affordable hous-

ing for cognitively and physically challenged TBI
survivors.163 As comprehension of how to maximize
client interdependency and simultaneously protect
civil rights and other constitutional freedoms im-
prove, the continuum of community based services
will ultimately develop and grow.

For a continuum of neuromedical and rehabili-
tation care to be truly effective, there must be a
multifaceted approach that involves preventative
education, as well as rehabilitation; and that devel-
ops institutional and community based TBI services,
maximizes communication across medical disci-
plines, and promotes better integration of rehabili-
tation professionals in the long-term management
of individuals with TBI. To broaden service access,
there is also a need to network community provid-
ers who are inside and outside the immediate field
of rehabilitation. Lastly, healthcare providers and
clinicians must be willing and committed to exam-
ining the efficacy of rehabilitation interventions.
This is the only way to fully maximize the neuro-
logic and functional outcome for TBI patients, and
to also optimize their reintegration into society.164,165

CURRENT ISSUES IN THE REHABILITATION OF THE SOLDIER WITH TRAUMATIC BRAIN INJURY

Role of the Physiatrist

A physiatrist is a practitioner of PMR, a recog-
nized medical specialty established in 1947. It is
concerned with (a) the optimal functional restora-
tion of patients with disabilities; (b) physical treat-
ment of neuromuscular impairments; and (c) the use
of electrodiagnostic studies, including electromyo-
graphy, and evoked potentials. The more familiar
medical specialties, such as internal medicine, or-
thopedic surgery, and neurology, address the diag-
nosis and treatment of specific diseases or condi-
tions that result in disability. By comparison, a phy-
siatrist focuses on the diagnostic, therapeutic, and
management procedures that will potentially en-
hance an individual’s residual functional capabili-
ties. As opposed to other medical specialties, the
emphasis, both in terms of residency training and
eventual clinical practice, is on the maximal physi-
cal functional capacity and psychosocial adjustment
of the physically challenged individual.

Physiatrists approach the patient from a holistic
view and address not only the rehabilitative and
neuromedical issues, but also lead the interdisci-
plinary therapy team in the long-term care of the
disabled individual. Physiatry, clinically rooted in
basic sciences that include anatomy, kinesiology,
exercise and muscle physiology, nerve physiology,

and biomechanics, also has a clinical suprastructure
that combines elements of internal medicine, neu-
rology, neurosurgery, cardiology, rheumatology,
orthopedics, pediatrics, geriatrics, and the behav-
ioral sciences. This broad foundation of scientific
and clinical knowledge particularly qualifies the
physiatrist to evaluate and treat the complicated
problems of individuals with disability, and to man-
age interdisciplinary and transdisciplinary teams.153

Mild Traumatic Brain Injury

Mild TBI, although quite prevalent, is still poorly
understood by most clinicians, and thereby promul-
gates many of the fallacies and foibles common to
this diagnostic label. This discussion is designed to
educate professionals and acknowledge the need to
diagnose and treat individuals with mild TBI ap-
propriately from as early postinjury as possible.

Mild TBI accounts for approximately 80% of all
traumatic brain injuries.166,167 It typically results from
motor vehicle accidents and involves young males
15 to 24 years of age.166,168 The role of alcohol use in
injuries resulting in mild TBI seems to be signifi-
cant and that fact should not be ignored in the de-
velopment of accident prevention programs.168,169

Many individuals who incur mild TBI do not seek
medical attention in acute hospital settings, if at all,



Rehabilitation of the Injured Combatant. Volume 1

230

thereby causing an underestimation of the true in-
cidence of this phenomenon.

Given the incidence of this condition, it is cru-
cial for practitioners to be familiar with the diag-
nosis and treatment of problems that individuals
with mild TBI may present. Postconcussive sequelae
may have an adverse impact on an individual’s
ability to function well in a number of different
spheres, including physical, emotional, social, mari-
tal, vocational, and avocational.170 The professional
healthcare provider must also be aware of resources
within the immediate community that provide
neuromedical and nonmedical services for this spe-
cial population of patients. The BIA is an excellent
source of information on TBI, mild and otherwise,
for professionals, “survivors,” and families alike.
Typically, each state has its own affiliate associa-
tion of the BIA.

Mild TBI is defined as a traumatically induced
physiological disruption of cerebral function as
manifested by at least one of the following: (a) loss
of consciousness of no longer than 20 minutes; (b)
any loss of memory, either retrograde (memory loss
for events prior to concussive injury) or anterograde
(memory loss occurring after the injury and reflect-
ing a time between injury and the point at which
continuous memory is regained); (c) any alteration
in mental status at the time of the accident, even in
the absence of loss of consciousness or amnesia; (d)
physical symptoms that are potentially brain related
(eg, nausea, headache, dizziness, tinnitus, visual
aberrations, olfactory deficits, or extended periods
of fatigue); and (e) development of posttraumatic
cognitive deficits that cannot be completely ac-
counted for by emotional factors. Given these fac-
tors, TBI severity must not exceed the following in
order to qualify as mild: (a) GCS score of 13 to 15
without subsequent worsening; (b) posttraumatic
amnesia of 24 hours or less; and (c) loss of conscious-
ness lasting no longer than 30 minutes.171 Recently,
several investigators have questioned the inclusion
of individuals with intracranial lesions under the
mild diagnosis, even if they meet the diagnostic
criteria. This call for reconsideration of the present
classification is due to the apparent higher incidence
of significant neurobehavioral sequelae and result-
ant functional disability that occur in this subpopu-
lation.172

It is critical to recognize that loss of conscious-
ness is not essential for a diagnosis of TBI. Concus-
sive injuries can occur without loss of conscious-
ness, a so-called mild concussion. Recent evidence172

also suggests that the severity of associated neuro-
psychological deficits is independent of the neu-

rological status immediately following the injury.
It should be noted here that even seemingly sound
scientific studies, which have attempted to address
such issues, have weaknesses and faults that open
them up to further criticism.173

Concussive injuries occur along a continuum
from mild to classic, the latter involving loss of con-
sciousness. Direct impact to the skull is not neces-
sary to incur TBI. The pathophysiologic hallmark
of concussive brain injuries is strain, which can oc-
cur secondary to acceleration forces on the head, a
stretched cervical spine, and skull distortion due
to pressure gradients. Strain disrupts axonal func-
tion along a range from physiological disruption,
due to transient alterations in membrane function,
to actual pathological changes secondary to direct
axonal injury.174 Although the magnitude of strain
may vary relative to anatomic variations, the force
vectors are normally directed centripetally from the
brain’s center of gravity, which is approximately in
the area of the pineal gland. Due to the centripetal
nature of the force vectors, the cerebral cortex and
lower brain stem are affected first, followed by the
upper brain stem. Many of the transient physiologic
responses seen in experimental models of brain in-
jury can help explain the clinical picture of transient
coma, pupillary and corneal areflexia, and decer-
ebration seen with upper brain stem dysfunction.174

Rehabilitative evaluation of TBI patients should
include a thorough history and a physical exami-
nation. Historical information should include acci-
dent circumstances, alteration in consciousness
(dazed vs true loss of consciousness), presence and
duration of retrograde (preevent) and anterograde
(postevent) amnesia, blood alcohol level and drug
screen (if available), as well as initial GSC score.
Other significant information pertaining to the ini-
tial evaluation includes neurological status and any
diagnostic data such as brain CT or MRI, cervical
spine or skull films, or both. Pertinent preinjury in-
formation should be elicited, including (a) prior
psychologic or psychiatric problems, or both; (b)
history of learning disability; (c) prior substance
abuse; (d) criminal record; and (e) any history of
prior loss of consciousness or TBI. All these factors
may adversely effect neurologic and psychologic re-
covery.175 Due to the array of injuries and symptoms
that many postconcussive patients may have in-
curred, it is imperative to consider central neuro-
logic dysfunction as well as the peripheral injuries
related to cervical hyperextension-hyperflexion in-
jury (whiplash) and cranial and cranial adnexal
trauma. Common postconcussive disorder symp-
toms are
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• visual dysfunction: blurry and double vi-
sion;

• audiologic dysfunction: tinnitus, high fre-
quency hearing loss;

• vestibular dysfunction: dizziness secondary
to peripheral vestibular dysfunction;

• olfactory dysfunction;
• balance dysfunction;
• cognitive-behavioral alterations;
• sleep–wake cycle dysfunction; and
• fatigue.

The physical examination should include a thor-
ough neurological evaluation, including a test of
higher level cognitive and linguistic function. It is
critical for the physician to be familiar with the as-
sociated musculoskeletal and peripheral neurologic
(both somatic and autonomic) sequelae of head
trauma, as well as cervical spine flexion and exten-
sion injuries. Adequate and timely recognition of
myofascial pain disorders related to traumatic in-
jury of the neck or cranium is critical due to the ar-
ray of symptoms (both somatic and autonomic) that
can be related to referred pain from trigger points
in the facial, cranial, cervical, and upper back mus-
culature.176

For proper diagnosis and treatment of injury re-
lated problems, it is critical to differentiate head
trauma sequelae from true brain injury sequelae.
Many postconcussive symptoms that are purported
to be secondary to brain injury may actually be head
injury sequelae. Head injury sequelae that may
be mistaken for TBI-related problems include cer-
tain visual disturbances, olfactory and gustatory
deficits, audiovestibular deficits, headaches, and
peripheral nerve dysfunction (both somatic and
sympathetic).175,177 Postconcussive symptoms due
to brain injury may include various types of visual
sequelae; audiovestibular, olfactory, and gusta-
tory deficits; headaches; imbalance; excessive day-
time somnolence and fatigue; and sexual dysfunc-
tion.178 Maximization of functional potential and
expeditious recovery necessitates the appropriate
use of pharmacologic agents to treat postcon-
cussive problems of organic affective disorders,
sleep–wake cycle disturbances, fatigue, and de-
creased libido.170

As necessary, patients should also be referred for
therapy services. Physical therapy referrals should
mainly focus on myofascial concurrents of injury
and balance retraining, as well as vestibular habitu-
ation training. Occupational therapy services are
appropriate if the patient presents with issues ger-
mane to higher level organizational difficulties that

affect ADL, driving problems, decreased perfor-
mance at work or school, perceptual difficulties, and
functional memory and problem solving difficul-
ties. Speech therapy referrals are appropriate when
the patient presents with reading problems, audi-
tory difficulties, verbal and written expression im-
pairments, and pragmatic language deficits.
Therapy should preferably be administered in an
interdisciplinary, function oriented fashion.175

Neuropsychological evaluation is a critical com-
ponent in the diagnosis and ongoing treatment of
persons with mild TBI. This evaluation provides
objective evidence of higher level cognitive and
behavioral, linguistic, and motor dysfunction, not
typically evident on bedside evaluation, and it also
provides a basis providing compensatory strategies
to both patient and family.179 Neuropsychological
testing also provides potentially critical medicole-
gal information that can be followed to demonstrate
initial and subsequent profiles consistent with those
seen after similar injuries. Neurodiagnostic tests
may provide useful clinical and medicolegal infor-
mation in this patient population. These tests uti-
lize static, as well as functional imaging (SPECT and
positron emission tomography); electrographic
monitoring by EEG (with or without compressed
spectral analysis); evoked potentials including, but
not limited to, BAER (brain stem auditory evoked
response) and cognitive evoked potentials (so-
called P-300s); quantitative EEG; electronystagmog-
raphy with calorics; posturographic evaluation;
polysomnography; and olfactory and gustatory
evaluation, among others.3

Patients and family members should be given
educational materials and the clinician should ex-
plain the condition, history, and prognosis. A fre-
quent and tragic occurrence in clinical practice is
the patient with true postconcussive deficits who
has gone from doctor to doctor only to be told there
is nothing wrong, to the point where the patient
actually thinks he is “losing his mind.” The patient
and family must understand what has happened to
him, why he feels and behaves the way he does,
what the prognosis is, and what can be done about
the condition.3

In the early period after mild TBI, the patient
should follow the directions of the emergency room
physician. For the first few days after a more sig-
nificant injury, the patient should be told to rest,
avoid alcohol and caffeinated beverages, keep a
regular schedule, avoid recreational drugs, not
overdo, avoid distractions, and return to a daily
routine gradually. If symptoms continue for more
than a week, the patient should consider consulta-



Rehabilitation of the Injured Combatant. Volume 1

232

TABLE 6-2

NEURODIAGNOSTIC EVALUATION OF POSTCONCUSSIONAL DISORDERS

Posttraumatic Sequela Neurodiagnostic Procedure

Vestibular dysfunction—peripheral and central Electronystagmography with calorics

Eye movement disorders Electrooculography

Olfactory and gustatory deficits Chemosensory evaluation

Perilymphatic fistula Posturography ?

Sensorineural and conductive hearing loss Audiologic evaluation

Neuralgic scalp pain Diagnostic block with lidocaine

Structural parenchymal abnormalities Computed tomography and/or magnetic resonance
imaging

Cerebral blood perfusion abnormalities Single photon emission computed tomography*

Cerebral metabolic abnormalities Positron emission tomography*

Electroencephalographic abnormalities Sleep deprived electroencephalogram or variant

thereof, BEAM (brain electrical activity mapping)* ?

Attentional deficits Cognitive evoked potential (P-300)* ?

Balance dysfunction Posturographic evaluation

Sleep disturbance Polysomnography

Erectile dysfunction Nocturnal penile tumescence (NPT) monitoring

Comprehension deficits Central auditory processing

*Still in research phase
?Questionable efficacy

tion with a brain injury physician who is experi-
enced with postconcussive patients.

Given the variety of postconcussive symptoms
that may exist following mild TBI, it is unlikely that
a true postconcussive syndrome exists. Given the
potential complexity of such injuries, it is not un-
common for one set of symptoms to go totally un-
diagnosed or be misdiagnosed. The astute clinician
will assess all the aforementioned potential diag-
nostic factors before developing an integrated ho-
listic treatment plan. Some of the more frequently
reported postconcussive symptoms include head-
ache, dizziness, memory problems, weakness and
fatigue, nausea, and tinnitus. Based on sound re-
search and the experience of innumerable clinicians,
most individuals who incur mild TBI do not have
long-term sequelae. A definite subpopulation of
patients with mild TBI, however poorly defined, do
have persistent, and sometimes, disabling long term
somatic and neuropsychological sequelae. It is criti-
cal to take into consideration both organic and
nonorganic factors that might give cause to pro-
tracted periods of disability after otherwise innocu-
ous insults to the brain.

Accessibilty to advanced neurodiagnostic facili-
ties and to subspecialists, such as neurootologists,
neuroophthalmologists, and neuropsychiatrists,
may be critical in patient diagnosis, treatment, and
medicolegal settlement. Preferably, the primary
physician should have subspecialty knowledge and
sufficient clinical experience in dealing with this
patient population to truly optimize patient care.
Ideally, a continuum of clinical services, both
neuromedical and rehabilitative, should be avail-
able for this patient population, including full
physical examinations (including a thorough cog-
nitive-behavioral assessment), neurodiagnostic
workups as indicated, and functional assessment.
Sophisticated clinicians can assist the primary phy-
sician with further diagnoses (Table 6-2) and treat-
ment interventions aimed at maximizing functional
status and community reentry. Additionally, such
tests can provide additional corroboration for rel-
evant medicolegal purposes. Appropriate use of
pharmacologic interventions can also contribute
significantly in the treatment of this patient popu-
lation (Table 6-3). Generally, the practice is to not
make final neuromedical or functional prognoses
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TABLE 6-3

PHARMACOLOGIC INTERVENTIONS FOR COMMON POSTTRAUMATIC SEQUELAE

COMMON POSTTRAUMATIC SEQUELA PHARMACOLOGIC INTERVENTION

Anxiety Serotonergic agonist
Buspirone, sertraline, trazodone, and fluoxetine ?

Basilar artery migraine (BAM) Antimigraine regimens
Psychotropic anticonvulsants

Depression Tricyclic antidepressants (TCAs)
Newer generation serotonergics
Monoamine oxidase inhibitors (MAOIs)
Lithium carbonate
Carbamazepine

Emotional lability and/or irritability Serotonergic agonists
Psychotropic anticonvulsants
TCAs
Lithium carbonate

Libidinal alteration
Decreased Noradrenergic agonists, hormone replacement if low to  borderline low
Increased Serotonergic agonist, hormonal treatment—cyproterone or medroxy-

progesterone acetate

Myofascial pain/dysfunction Nonsteroidal antiinflammatory agents (NSAIDs)
TCAs and other antidepressant type medications
Mild muscle relaxants

Neuralgic pain Capsaicin
TCAs and related compounds
Carbamazepine and other anticonvulsants
NSAIDs
Local anesthetic blockade

Posttraumatic stress disorder Antidepressant medications
Psychotropic anticonvulsants
Propranolol
Clonidine
MAOIs
Lithium
Benzodiazepines

Sleep initiation problems Serotonergic agonists—trazodone

Sleep maintenance problems Catecholaminergic agonists—nortriptyline

Tinnitus Gingko biloba ?
Tocainide ?

Vascular headache Antimigraine regimens used in the following protocols
Symptomatic
Abortive
Prophylactic

Fatigue Catecholaminergic agonists
Methylphenidate
Caffeine

Amantadine

Cognitive dysfunction Nootropes
Catecholaminergic agonists
Cholinergic agonists and/or precursors
Neuropeptides ?
Vasoactive agents ?

?: Questionable efficacy
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until at least 18 to 24 months postinjury, due to the
anticipated neurologic recovery curve. During the
recovery period from postconcussive disorders,
judgments should be made by the treating physi-
cian and rehabilitation team to determine if the sol-
dier should be placed in a supervised setting or
one that does not require full work capacity skills.
Work reentry should occur in a structured, moni-
tored fashion to minimize risks of frustration and
failure, and to optimize long-term reentry success
(see the section on Vocational Reentry for further
discussion).

Healthcare professionals should remain aware
that secondary gain, malingering, chronic pain, and
preinjury psychologic and psychiatric disorders
may have an impact on subjective symptoms or the
recovery course. If there is opportunity for finan-
cial or other conscious secondary gains, the issue
of malingering should always be kept in mind.180

The majority of symptomatic patients, however, are
not malingerers and do have some sort of legitimate
injury, although it may not necessarily relate to TBI.
Prior to labeling anyone with a diagnosis that may
have a negative impact on functional status and
community reintegration, careful scrutiny must be
made of all cases to determine any contributing fac-
tors, conscious or otherwise, as well as the methodi-
cal neuromedical procedures.

Early identification of patients with mild TBI is
critical in assuring timely and adequate identifica-
tion of treatable sequelae. The evaluation and treat-
ment of this patient population must be holistic in
nature, ideally utilizing an interdisciplinary reha-
bilitative model and, as appropriate, a multidisci-
plinary neuromedical model. Rehabilitative efforts
should focus on neuropsychological assessment;
physical therapy for vestibular habituation, balance
retraining, and myofascial dysfunction; occupa-
tional therapy for provision of compensatory strat-
egies for functional cognitive deficits; and speech
language pathology for cognitive-linguistic and
pragmatic deficits. Appropriate neuromedical di-
agnosis and treatment, reassurance, education, sup-
port, counseling, and regular monitoring are also
essential components that will optimize the expedi-
ency and quality of overall functional recovery.170,178

Low Level Neurologic States: Terminology

One of the most confusing issues for families as
well as many professionals is the language used to
describe the condition of an individual after TBI.
The word coma simply conveys that the patient is
neither alert nor aware. The comatose patient re-

mains unconscious and “asleep.” Typically, there is
absence of vegetative functions (such as sleep–wake
cycles) during coma. From a neurologic standpoint,
coma can be fleeting or prolonged, but generally
lasts no longer than 3 to 4 weeks.181 Most patients
with very short durations of coma (ie, seconds) will
generally not suffer any significant degree of long-
term disability or impairment; however, a small
percentage do have temporary and sometimes even
permanent problems. Generally, the longer the pe-
riod of coma the more extensive the associated brain
damage. Typically, longer periods of coma are cor-
related with more extensive diffuse axonal injury.
Once comatose, patients will take one of three pos-
sible courses: (1) they will regain some level of con-
sciousness; (2) they will die; or (3) they will emerge
into a vegetative state. More than 50% of individu-
als with severe brain injury will die, regardless of
the quality of care rendered during the acute pe-
riod. The majority of those who survive will even-
tually emerge to some level of consciousness. Pa-
tients who emerge from coma into vegetative state
may remain vegetative for a very short period of
time or may remain in this state permanently, the
so-called “permanent vegetative state.”2

The term vegetative state is a confusing one and
commonly misunderstood. It is not meant to imply
that the person has become a “vegetable,” instead
it refers to neurologic changes, such as a return of
sleep–wake cycles and progression from a state of
nonarousal to arousal. Very few patients with se-
vere brain injury (approximately 1%–3%) will remain
permanently in a vegetative state.182 Permanent veg-
etative state is a prognostic term, not a diagnostic
one, and should, therefore, only be used when it is
quite clear that the patient will permanently remain
in this state.183 The length of time someone has been
in a vegetative state should always be specifically
qualified. When there has been significant hypoxic
brain injury (a secondary form of brain injury), the
prognosis may be more clear cut earlier on in the
patient’s course, but even in these cases the perma-
nent vegetative state label should not be given un-
til at least 3 months postinjury.182,183

Recent guideline development has resulted in
further evolution of nomenclature and practice
guidelines for management of persons with severe
alterations in consciousness. One example of this
has been the recommendation to dispense with the
use of the phrase “persistent vegetative state” be-
cause it adds nothing to the diagnostic accuracy of
the vegetative state. Additionally, the assignation,
at 1 month postinjury, of the term “persistent” is
totally arbitrary. The word “permanent” should be
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assigned only after 12 months have passed in a veg-
etative state following trauma or 3 months follow-
ing hypoxic ischemic brain injury. It must be real-
ized nonetheless, that even in such cases, the sta-
tistical odds of emergence from vegetative state do
not reach 100%, although they certainly are near-
ing this level. The Aspen Workgroup, which has met
over the last few years, has also identified a further
subgroup of patients who are at the very impaired
end of the severe disability category, and although
not vegetative, demonstrate intermittent signs of
awareness. The suggested terminology for describ-
ing this previously not–well-studied or identified
subgroup of patients is the “minimally conscious
state.”182

Social Concerns

Significant ethical and legal issues surround the
care and potential withdrawal of care from patients
in the persistent vegetative state.184,185 Decisions re-
garding withdrawal of medical support, whether
artificial breathing machines, nutrition, or medica-
tions, should probably not be made until at least 2
years postinjury. In actuality, if someone is truly
vegetative at 1 year postinjury, that patient is ex-
tremely unlikely to regain consciousness, although
such cases have been reported. Clinicians who deal
with this patient population must familiarize them-
selves with the position papers that have been pub-
lished on this topic.182,183,186,187 Clinical care and ethi-
cal issues are distinctly different for individuals
with profound and irreversible paralysis who have
retained consciousness and cognition, such as in
locked-in syndrome. Ethically, legally, and medi-
cally if these patients are medically judged to have
the capacity to make such a decision, they have the
inalienable right to forego life-sustaining therapy.187

Stimulation Programs

In this era of high technology and aggressive
medical care, coma stimulation programs seem to
have taken a foothold as an integral part of most
continuums of rehabilitative care for patients with
severe brain injury, regardless of the specific etiol-
ogy. It is disconcerting, therefore, to learn that the
content of coma situation programs is quite vari-
able. Additionally, little, if any, methodologically
sound literature supports the efficacy of such pro-
grams in terms of altering the course of neurologic
recovery either with regard to the maximization of
final neurologic outcome or an increased rate of
recovery.2

There are major issues regarding how coma
stimulation may have a beneficial effect on a brain
that is “unaware” of its environment. Pathologic181

studies of patients who have died while in a coma
or vegetative state show that there is no consistent
pathology associated with these conditions. In the
early descriptions of the persistent vegetative state,
it was theorized that significant brain stem in-
volvement was a requisite neuropathologic finding;
however, subsequent studies188 have shown a vari-
ety of neuropathologic findings that vary from ex-
tremely diffuse gliosis to relatively grossly normal
appearing brains. More importantly, experimental
data on cerebral glucose metabolism in patients in
the vegetative state might lead to questions of how,
if at all, any external stimulation can effect any posi-
tive change in this patient population.189,190 Care
should be taken when applying these results to the
TBI population at large because most of the patients
studied had suffered significant hypoxic brain in-
jury; however, data still suggest that patients who
are truly vegetative from a neurobehavioral stand-
point do not have the dynamic physiologic cerebral
function to support any type of cognitive processes.

A most important issue to address in assessing
the efficacy of coma stimulation is the standardiza-
tion of terminology across all disciplines. The lack
of a common neurologic and neurobehavioral ter-
minology, such as coma, vegetative state, and per-
sistent vegetative state, is a major obstacle presently
facing all professionals who treat individuals with
severe brain injury. Additionally, there is a great
need for standardization of assessment tools for
low-level patients, whether they are comatose, veg-
etative, or severely disabled. At the present time,
the ongoing development of assessment tools by
many institutions does not appear to be a construc-
tive process because of the nonuniformity of data
that are subsequently generated, and the inability
to compare treatment design and efficacy data
across centers.

Most coma stimulation is not coma stimulation
at all, but rather vegetative or low-level stimula-
tion. Therefore, it is probably appropriate, both from
a standpoint of proper terminology and, ultimately,
from a standpoint of reimbursement, to dispense
with the phrase coma stimulation. Additionally, la-
beling a program as offering coma stimulation sug-
gests that this is the sole or major component of such
a program; such an implication is a disservice to
the third party payers, the families, and most im-
portant, the patients. Appropriate management of
the low-level patient, whether comatose or vegeta-
tive, should be comprehensive in nature with sen-
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sory stimulation (rather than coma stimulation)
merely being one component of such a program.

It is important to differentiate between environ-
mental and structured sensory stimulation from
both clinical and research perspectives. Environ-
mental stimulation simply implies that the patient
is subjected to ongoing environmental stimuli of
various types, including sights, sounds, textures,
and so forth. Due to the fact that these are environ-
mental stimuli, they are not presented in any type
of structured or systematic fashion, such as music
in the room, a picture mobile, or the smells of food
or perfume on a loved one. Structured sensory
stimulation implies that stimuli are presented in a
labor intensive, systematic fashion, whereby the
patient is subjected to multisensory stimulation,
which typically includes tactile, visual, vestibular,
auditory, olfactory, and gustatory sensations. It may
be surprising to some proponents of environmen-
tal and sensory stimulation programs that there are
presently no well-controlled, prospective, statisti-
cally significant, population based studies to indi-
cate that such programs actually alter the recovery
course or final neurologic outcome of patients who
are comatose or vegetative. Most of the studies that
are used by proponents of stimulation programs are
flawed by multiple factors, including small sample
size, retrospective nature, lack of control groups,
lack of correlation to functional status and recov-
ery, poor descriptions of possible neuromedical fac-
tors (ie, hypoxic ischemic brain injury), lack of sci-
entific peer review, or inadequate information re-
garding control group selection criteria, or all of the
above.2,191

There are two recent experimental studies192,193

that are much more methodologically sound, al-
though they still lack a significant sample popula-
tion size or adequate control groups, or both. Nei-
ther of these studies showed any significant ben-
eficial effect from sensory stimulation. It should be
noted that there are animal studies, particularly
rodent models, that do indicate a beneficial effect
of enriched environments relative to sensory dep-
rivation on recovery processes after experimentally
induced brain injury. However, none of the animal
protocols utilized vegetative or comatose subjects.
Additionally, the relationship of lower animal ner-
vous system recovery to human recovery in persis-
tent vegetative state requires a quantum leap in
phylogenic physiologic assumptions.194

Given what is presently known about individu-
als in coma and vegetative states, from both a
neuromedical and rehabilitative standpoint, it
would seem that present knowledge and literature,

when taken as a whole, do not strongly support the
utility of structured sensory stimulation as a means
of altering the course of neurologic recovery after
severe brain injury. Nonetheless, various profes-
sionals have theorized that sensory stimulation, al-
though not empirically validated, might help struc-
ture the patient’s interaction with the environment,
monitor the patient, and lastly, increase the input
into the reticular activating system.195

Program descriptions, such as coma stimulation
and sensory stimulation, should be abolished and
more appropriate phraseology such as early recov-
ery management programs (ERMPs) or “medically
complex care.” Appropriate interdisciplinary man-
agement of this patient population involves the is-
sues of potential morbidity prevention and provides
appropriate neuromedical and rehabilitative inter-
ventions to maximize neurologic and functional
outcome. An ERMP program should focus on sev-
eral main goals, including maintenance of range of
motion, prevention of complications associated
with immobility, prescription of appropriate orthot-
ics for preventive and corrective positioning, pre-
scription of seating systems for transport and mo-
bilization, and treatment of neuromedical condi-
tions that could potentially compromise ongoing
neurologic recovery and are germane to low level
neurologic states. For those who wish to read further
on this topic, the management of this patient popula-
tion has been delineated in several publications.194–196

Coma stimulation programs, per se, should not
be the sole means by which patients undergo fre-
quent and close reevaluation. A rhetorical argument
could be that the rationale of coma stimulation, (ie,
stimulating patients to “wake up” faster than they
would without stimulatory intervention) may ac-
tually be detrimental to the organism. Specifically,
what if coma and the vegetative state are normal
evolutionary responses to severe brain injury?
Would not the more severely injured brain need
more time to recover than the less severely injured
one? In this sense, trying to rush the process might
actually be detrimental to the long-term viability
and recovery of the injured organism. Given that
there is presently little or no solid evidence that
structured sensory stimulation is harmful, there is
still great controversy and debate over whether it
is even efficacious, or if this aspect of clinical ser-
vice should be maintained in any ERMP. Theories
aside, the current evidence strongly suggests that
rehabilitation professionals need to more closely
scrutinize the role of any stimulation program in
the greater context of the rehabilitative care of these
patients. If sensory stimulation is offered, it should
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be done in a cost efficient, ethical, and responsible
fashion and not as the major component of the to-
tal program. For those patients who remain vegeta-
tive beyond 1 year and become permanently veg-
etative, it is best to take a step back and ask the ques-
tion, “when is enough, enough?” Based on present
knowledge about recovery from prolonged vegeta-
tive state, it would seem reasonable to withdraw
intensive rehabilitation efforts, including coma
stimulation, after 1 year. A full neuromedical
workup must be performed prior to labeling any
patient as persistently vegetative. All patients
should receive ongoing monitoring for any change
in neurologic or functional status before and after

the 1 year mark. If and when changes occur, deci-
sions should be made regarding whether or not to pro-
ceed with more intensive rehabilitation efforts.

The controversies surrounding coma stimulation
will continue until more definitive studies are avail-
able to answer the questions at hand. Until that
time, rehabilitation professionals must strive to
maintain better uniformity with regards to nomen-
clature, treatment strategies, and assessment tools.
By doing so, clinicians will be better able to assess
the efficacy of their interventions, and will be able
to provide families with much needed information,
which will ultimately lead to a higher quality of
patient care, both ethically and qualitatively.

NEUROBEHAVIORAL OUTCOME, ASSESSMENT, AND INTERVENTION

Following TBI, individuals of all injury severity
levels are often confronted with a range of neuro-
behavioral problems. Cognitive deficits, such as
impaired memory and concentration abilities, are
commonly noted. Interpersonal difficulties, depres-
sion, and diminished self-awareness are also typi-
cal after TBI. Comprehensive assessment of
neurobehavioral functioning is essential to develop
effective rehabilitation plans for military personnel
after brain injury. The following section outlines
a protocol for conducting neurobehavioral eval-
uations on military personnel with brain injury.
An overview of the evaluation process addresses
the development of referral questions, interview-
ing strategies, test selection and administration,
and development of treatment recommenda-
tions. These guidelines are preceded by a review of
the neurobehavioral outcome literature. Research
on cognitive outcome is presented first. Next, an
overview of psychosocial sequelae highlights emo-
tional, behavioral, and substance abuse problems
after TBI. Finally, a rationale for utilizing a
neurobehavioral methodology is presented as a
preface to the evaluation protocol and a section on
intervention.

Cognitive Outcome Literature

An undisputed consequence of TBI is its effects
on cognitive functioning. Residual deficits in
memory, processing speed, and other cognitive fac-
tors often compromise a patient’s ability to resume
preinjury activities, including work and self-
care.197,198 Unfortunately, research that delineates the
recovery of cognitive functioning after TBI is
scarce.199 Of the existing investigations, few have
reported on recovery beyond the first year postin-

jury and even fewer have explored the course of
recovery following an open head injury (eg, pen-
etrating missile wound).

Most of the existing research on recovery comes
from Glasgow, Scotland, where Jennett and col-
leagues studied cognitive outcomes after severe
brain injuries.200,201 The Glasgow researchers found
that recovery occurs with, and is characterized by,
rapid early improvement, which slows down and
levels off in most patients by 6 months. Notably,
these studies relied on a global outcome measure,
the Glasgow Outcome Scale (GOS), to assess change
over time. The GOS is an ordinal scale that assigns
patients to one of five broad outcome categories:
(1) dead, (2) persistent vegetative state, (3) severe
disability, (4) moderate disability, and (5) good out-
come.202 Because the GOS is a global measure, it may
not be sensitive to the more subtle cognitive changes
beyond the first 6 months.

More recent studies203 challenge the assumption
that cognitive recovery halts at 6 months postinjury.
Using a matched control design, Dikmen and col-
leagues administered an expanded version of the
Halstead-Reitan Neuropsychological Test Battery to
moderately and severely injured patients. Patients
and control subjects were tested longitudinally at
1, 12, and 24 months postinjury. The investigators
concluded that significant improvements occurred
beyond the first year. However, recovery in the sec-
ond year tended to be more specific, depending on
the severity of the injury and type of function. In
contrast, the first year of recovery was marked by
improvements in all functional areas. Dikmen’s
group also noted that despite signs of recovery,
“marked impairment” across a broad spectrum of
neuropsychological functions was still present at 2
years postinjury.
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An earlier investigation by this same research
group199 proposed a deficit-proportional model to
account for differences in recovery curves. Using
this statistical model, they concluded that the
amount of cognitive recovery is proportional to the
initial severity of the deficit. In general, brain in-
jured patients are expected to recover a portion of
their initial losses over time. Accordingly, individu-
als with substantial losses (eg, moderate to severe
TBI) show greater amounts of improvement, but
also have more residual deficits. In contrast, those
with less initial impairment (eg, mild to moderate
TBI) show smaller amounts of improvement and
fewer residual deficits. According to these authors,
the deficit-proportional model affords better pre-
diction of cognitive outcome than do other models
that assume a constant change over time, regard-
less of injury severity. In turn, the deficit-propor-
tional model highlights the predictive power of ini-
tial severity indexes, such as duration of coma, in
forecasting cognitive recovery.

Psychosocial Outcome Literature

Emotional and Behavioral Sequelae

Unfortunately, the effects of TBI are not typically
confined to cognitive functioning.204 Many patients,
including those with minor injuries, undergo un-
desirable emotional and behavioral changes.205,206

These changes may persist for many years after the
injury and include such problems as increased an-
ger, frustration, and depression.204,207 Underscoring
the significance of these problems is the testimony
of relatives who report that personality and behav-
ioral changes cause more problems than cognitive
and physical deficits.205,207,208 Moreover, research
suggests that emotional problems often impede a
brain injured person’s ability to return to work.97,209

The path of emotional and behavioral sequelae fol-
lowing TBI has been charted through a series of
outcome studies typically focused on severe closed
head injury.204,205,207,208,210 One of the earliest investi-
gations took place in Denmark, where Thomsen fol-
lowed a group of 50 severely injured patients and
their families for up to 5 years postinjury.211 Patients
were examined by a neurologist, a neuropsycholo-
gist, and a speech pathologist to assess physical and
cognitive functioning. Relatives were interviewed
in regards to a number of areas, including the
patient’s emotional and psychological status. Dur-
ing their interviews, 84% of the relatives com-
plained of changes in the patient’s character, includ-
ing irritability, hot temper, loss of spontaneity, emo-

tional lability, and emotional regression. Reportedly,
these changes in personality created the greatest
problems in daily living. In contrast, relatives re-
ported that motor dysfunction and other physical
problems were not problematic.

Ten years after the initial investigation, Thomsen
published a follow-up study207 on 40 patients from
the original sample. The follow-up included an ex-
panded version of the original relatives’ question-
naire, which was administered up to 15 years after
the patient’s injury. Thomsen found that the major-
ity of patients remained unchanged since her ini-
tial investigation 10 years prior; moreover, the rela-
tives again reported that the most salient changes
were psychosocial in nature. Summarizing her find-
ings, Thomsen207 wrote that “though physical im-
pairment, dysarthria, and defects of memory re-
mained severe in many cases, the psychosocial se-
quelae presented the most serious problems.”
Thomsen further noted that two thirds of the pa-
tients in her study underwent “permanent changes
in personality and emotion.” Unfortunately, most
patients lacked awareness of the changes in their
character, making it difficult for them to modify
their behavior.

Thomsen’s conclusions are corroborated by a
number of other studies on psychosocial outcome
after TBI.204,205,208,210,212 In an early outcome study
from Scotland, McKinlay and colleagues212 assessed
a group of severely brain injured patients at 3, 6,
and 12 months postinjury. Using relatives’ reports,
the researchers charted the course of emotional,
cognitive, and physical outcome during the first
year after injury. At 3 months, the most commonly
endorsed problem was related to cognitive func-
tioning; specifically, 86% of relatives stated that the
patient had processing speed deficits. In compari-
son, emotional problems, such as mood changes and
social withdrawal, were infrequently endorsed. At
6 months, slow processing speed was again the most
commonly endorsed problem (69%), followed by
“bad temper” (56%). At 1 year postinjury, the most
frequently endorsed problems were bad temper and
cognitive slowness, both at 67%. In summary, prob-
lems related to cognitive and physical functioning
tended to decrease, whereas emotional and behav-
ioral problems tended to become more frequent
during the first year after injury.

This same group of Scottish researchers contin-
ued to explore the course of psychosocial recovery
from severe TBI in a series of outcome studies. In
1987, they reported on 134 patients who were within
7 years postinjury.205 Patients and some close rela-
tive were questioned about an assortment of areas,
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TABLE 6-4

EMOTIONAL PROFILES OF PERSONS
WITH MILD VS SEVERE TRAUMATIC
BRAIN INJURY

Level of severity Symptoms

Mild Somatic concerns, clinical depres-
sion, anxiety, feelings of social
inadequacy, interpersonal
alienation, difficulty concentrat-
ing and/or confusion

Severe Clinical depression, interpersonal
alienation, difficulty concentrat-
ing, confusion

including physical, communication, emotional, be-
havioral, and cognitive problems. Patients were re-
ported to have altered personalities, evidenced by
increased irritability, anger, depression, and mood
swings. A disturbing number of patients threatened
violence (47%) or acted violently (26%) toward a rela-
tive. Other commonly reported problems included
disturbances in memory and concentration. Patients
and relatives agreed that physical complications
caused relatively few problems.

In a comparable study,204 a group of British re-
searchers reported on psychosocial adjustment 7
years after severe traumatic brain injury. Their find-
ings were remarkably consistent with those from
the Danish and Scottish investigations. Relatives
reported that behavioral, personality, and memory
difficulties interfered the most with long-term ad-
justment after brain injury. Oddy’s204 group also
found a pervasive pattern of social isolation among
patients and their families. Only half of those sur-
veyed had even “limited contact” with friends.
Other studies208,210 confirm that social isolation is a
major barrier following TBI. Socialization difficul-
ties are often attributed to negative changes in the
patient’s personality.208

A clear pattern emerges from these international
outcome studies. First, research indicates that the
course of recovery and adjustment following brain
injury varies over time. In the period immediately
following the injury, the patient’s physical and cog-
nitive status are of primary concern. Just as these
problems begin to subside after the first year, per-
sonality and behavioral problems become more
noticeable. Many patients reportedly exhibit aggres-
siveness, increased irritability, mood swings, and
depression. Unfortunately, lack of awareness about
their personality changes contributes to interper-
sonal difficulties, and ultimately, social isolation.

The issue of emotional adjustment following
mild TBI has thus far been understudied. However,
preliminary research206 suggests that persons with
mild brain injury report more emotional problems
following their injury than do severely injured per-
sons. Leininger and colleagues206 administered the
Minnesota Multiphasic Personality Inventory213

(MMPI) as a measure of emotional and personality
function to groups of mildly and severely injured
outpatients. The authors found that the emotional
profile of individuals with mild TBI was indicative
of greater subjective distress than was the profile
of severely injured persons. Specifically, individu-
als with mild TBI showed significantly higher el-
evations on clinical numbers scale 1, 2, 3, 7, and 8.
Individuals with similar profiles were highly dis-

tressed and reported feelings of depression, social
isolation, and somatic concerns (Table 6-4). Because
these results were based on responses within the
first year postinjury, more research is needed to
delineate the long term emotional sequelae of per-
sons with mild TBI.

Substance Abuse

The widespread use and abuse of alcohol in
American society is a well documented phenom-
enon. Analysis of national survey data indicates that
more than two thirds of all Americans have at least
an occasional drink.214 Highest drinking rates are
seen among young adult males, 19% of whom meet
the criteria for classification as heavy drinkers. The
rate of alcohol abuse among Americans is stagger-
ing. A report215 published by the National Academy
of Sciences revealed that 10 to 13 million American
adults either abuse or are dependent on alcohol.
Other investigations216,217 have concluded that as
many as 12% of American drinkers consume exces-
sive and potentially lethal amounts of alcohol.
While these statistics reflect the population at large,
it is reasonable to assume that problems with alco-
hol abuse generalize to a significant portion of mili-
tary personnel.

From the clinician’s point of view, the many is-
sues regarding the use and misuse of alcohol by
individuals after TBI tend to be extremely problem-
atic. Some of the alcohol-related issues that profes-
sionals must deal with include fears about poten-
tial lowering of seizure threshold, alcohol induced
cognitive and behavioral changes, neuro-physical
side effects, possible suppression of concomitant
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neural recovery processes, and interactions with
various medications. Probably the most important,
yet not necessarily most obvious, factor that can be
levied against alcohol consumption after TBI is the
greater potential for recurrent brain injury. Of ad-
ditional interest, although not well studied, is that
after significant brain injury a person’s CNS be-
comes more sensitive to the effects of ethanol. Many
of these issues are poorly understood by most pro-
fessionals dealing with this patient population, yet
there are reasonable solutions, some possibly sur-
prising, to most of these concerns.

Many clinicians advise their TBI patients not to
drink even though they have no real rationale for
doing so. It is known that ethanol has multiple ef-
fects on CNS neurotransmitter systems, the stron-
gest of which appears to be GABAergic mediated.
Recent literature218 suggests that GABAergic agents
may actually impede neurologic recovery follow-
ing brain injury; this thereby, provides at least one
piece of evidence in support of this practice. More
research is obviously needed to clarify the poten-
tial detriment caused by ethanol during the early
neural recovery processes.

Probably one of the most controversial alcohol-
related issues facing clinicians is the concern about
the lowering of the seizure threshold. It is com-
monly perceived that individuals with documented
seizure disorders will experience problems with
seizure control if they use alcohol; however, this is
not confirmed by the few experimental studies that
have tested this hypothesis. The rare situations
where alcohol can act as a convulsant drug, and the
mechanisms whereby long term neurotoxic effects
of alcohol may lead to chronic epilepsy, have been
poorly studied and need further clarification.219

The effects of acute alcohol intoxication on the
CNS can have a significantly more profound effect
on someone who already has preexisting neurologic
dysfunction secondary to TBI. Although no neuro-
pathologic changes, per se, have been associated
with acute intoxication, alterations in the neuronal
membranes, because of the incorporation of alco-
hol and central neurotransmitter aberrations, have
been clearly demonstrated. The reason why indi-
viduals with TBI are seemingly more susceptible to
the effects of alcohol may be due to posttraumatic
alterations in CNS membrane permeability, neuro-
chemical alterations, or some other, unidentified
factor.219

Acute alcohol intoxication may worsen already
existing postinjury behavioral sequelae, including
akathisia, aggressiveness, irritability, and disinhi-
bition. From a cognitive perspective, a variety of

posttraumatic neuropsychological problems may be
further compromised, including staying on task,
mental processing speed and flexibility, learning,
problem solving, attention, concentration, judg-
ment, and reasoning. From a neurophysical stand-
point, acute intoxication adversely affects all motor
behaviors, from the simplest to the most complex,
including ambulation, speech, eye movements, and
postural control. Many TBI patients, who do not
drink any alcohol at all can relate at least one inci-
dent where they have been stopped by police for
suspicion of alcohol intoxication.219

Chronic effects of alcohol on the CNS have been
well documented. Given the neuropathology asso-
ciated with TBI (specifically, primary injury due to
focal cortical contusion with greatest propensity for
frontal and temporal parenchyma, or diffuse axonal
injury, or both, as well as frequent cases with some
degree of secondary brain injury), it would seem
unwise for anyone with a brain injury to consume
alcohol on a chronic basis. This word of caution
carries more weight given the occurrence, in alco-
holics, of significant neuropathologic changes with
chronic alcohol consumption, including brain
shrinkage, loss of frontal cerebral cortical neurons,
and cerebellar degeneration.219

Alcohol ingestion may actually be contraindi-
cated in conjunction with various medications, includ-
ing antidepressants, anxiolytics, benzodiazepines,
neuroleptics, anticonvulsants, lithium carbonate, and
many others. Induction of hepatic enzymes with
chronic alcohol ingestion can alter drug levels of
agents hepatically metabolized. Acute alcohol in-
toxication may cause serum levels of certain drugs
to rise secondary to competition for binding sites,
and due to its diuretic effect, alcohol can potentially
cause lithium toxicity. The added sedative effects
of alcohol with many pharmacologic agents must
also be taken into consideration because it can ad-
versely affect safety in driving, operation of equip-
ment, and other activities.

Lastly, it is well documented that much of the
morbidity and mortality associated with TBI is
linked to alcohol consumption. Given this fact, it
becomes obvious that the individual who drinks
after sustaining a TBI is at higher risk for recurrent
injury than one who does not. Accidents with alco-
hol are typically related to vehicular mishaps, falls,
or fights. The aforementioned facts should be suffi-
cient justification for more conservative recommen-
dations, rather than more liberal ones, regarding
alcohol use following traumatic brain injury.219

Several published investigations218,220 have re-
vealed troublesome data regarding the relationship
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between brain injury and alcohol use. The investi-
gators examined admission blood alcohol levels
among persons with TBI and found that many TBI
patients had been drinking at the time of injury.218,220

Galbraith and colleagues221 completed a prospective
study on 918 consecutive civilian brain injury ad-
missions and found that 62% of male and 27% of
female patients had positive blood alcohol levels
on admission. Rimel and colleagues218 investigated
blood alcohol levels using 199 moderately injured
patients (GCS = 9–12) and 538 patients with minor
brain injury (GCS = 13–15) from the University of
Virginia Hospitals. In screening blood alcohol lev-
els, positive findings emerged for 78% of moder-
ately injured patients and 53% of patients with mi-
nor injuries. Of the moderately injured group, 57%
had blood alcohol levels greater than or equal to
the 100 mg/dL, the maximum legal limit for driv-
ing in Virginia and many other states. Furthermore,
28% of those tested had blood alcohol levels in ex-
cess of twice the legal limit. Among minor-injury
patients who tested positive, 43% exceeded the
legal limit for intoxication while 23% had blood al-
cohol levels equal to or greater than twice the legal
limit. These figures, in part, reflect the fact that more
than a third of moderately injured and 10% of mi-
nor brain injury patients reportedly abused alco-
hol prior to their injury.

While alcohol clearly contributes to the incidence
of traumatic injuries, its use also complicates the
rehabilitation process. The use of alcohol can in-
crease the expense of rehabilitation by interfering
with physical recovery.220 This situation is further
complicated when alcohol is combined with pre-
scription medications, causing adverse interac-
tions.222 The likelihood of alcohol interfering with
the rehabilitation process is compounded when
patients use intoxication as a coping mechanism.
Research suggests that patients who suffer physi-
cal disabilities related to brain injury are likely to
consume alcohol in their effort to subdue emotional
distress.223,224 In spite of these concerns, few inves-
tigations have examined patterns of preinjury and
postinjury alcohol use among head injured persons.

The potential of alcohol to impede the rehabili-
tation of head injured patients is alarming and in-
disputable. Unfortunately, there is a dearth of in-
formation regarding alcohol use and disability, and
policies for substance abuse among this population
are simply absent. Rohe and DePomolo225 surveyed
52 rehabilitation medicine departments, only a frac-
tion of which screened patients for substance abuse
as routine policy and, furthermore, staff members
were found to be generally ambivalent regarding

the issue. For example, the majority of respondents
(90%) supported prohibition of alcohol consump-
tion for inpatients; however, half the sample felt that
alcohol should be prescribed to outpatients for de-
sirable reasons, including appetite stimulation and
relaxation. The survey further revealed that patient
and staff education programs concerning substance
abuse were notably deficient. While over half of the
programs expressed support for substance abuse
education, only 29% actually provided such pro-
grams to patients and even fewer were available to
the clinical staff. In reviewing these findings, Rohe
and DePompolo concluded that the issue of sub-
stance abuse has been virtually ignored or unrec-
ognized by rehabilitation professionals in the brain
injury field.

Theoretical Rationale for Neurobehavioral
Assessment

Historically, researchers have incorporated two
assessment methodologies to describe the neuro-
behavioral consequences of TBI: (1) self-report mea-
sures of emotional and behavioral functioning, and
(2) neuropsychological assessment. Researchers218,226

have used questionnaires and interviews to elicit
family members’ and patients’ perceptions regard-
ing the behavioral and emotional effects of injury.
Partly because of concerns related to diminished
self-awareness arising from injury, most investiga-
tors have relied primarily on family members’ rather
than patients’ reports. More recently, rehabilita-
tion professionals have begun to use traditional
psychodiagnostic measures, such as the MMPI, to
assess the patient’s personality functioning.227

Neuropsychological assessment procedures have
also been used extensively to describe patients’ di-
verse cognitive, intellectual, sensory, motor, linguis-
tic, and perceptual skills.228 Neuropsychological
testing serves a variety of functions and offers an
objective description of diverse abilities. Postinjury
performance on neuropsychological measures may
be compared with estimates of preinjury ability to
help determine the consequences of the injury. Com-
parisons can also be made with normative data
available for uninjured persons. Additionally, fol-
low-up evaluations related to recovery, aging, phar-
macologic intervention, and cognitive rehabilita-
tion, can help delineate changes over time.229

Each assessment methodology is subject to bias
and uncertain validity. Psychological denial may
cause relatives and patients to minimize difficul-
ties on self-report measures. Patient perceptions of
disability may be affected by memory deficits and
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impairment of self-awareness that arises from
pathophysiological changes. Psychological distress
may contribute to exaggerated reports by relatives.
Neuropsychological tests are clearly more objective
than self-report measures and they also avoid the
issue of biased reporting. Unfortunately, several
factors contribute to uncertainties regarding the
value of neuropsychological assessment. A clear
relationship between neuropsychological test
scores, ability to perform daily living activities, and
patients’ and relatives’ perceptions of sequelae has
not been demonstrated.230 Furthermore, neuropsy-
chological assessment procedures represent an un-
usual and highly structured situation. As such, test
results may not provide a good representation of
characteristic behavior evident in daily living ac-
tivities.

Efforts to enhance the validity of conclusions re-
garding neurobehavioral outcome and the complex-
ity of interrelationships among outcome variables
have contributed to an increased reliance on a com-
bination of assessment methodologies. Neurobe-
havioral assessment offers this comprehensive
methodology by combining neuropsychological
assessment techniques with measures of behavioral
and emotional functioning. Consolidation of these
methodologies assures that a comprehensive pic-
ture of the patient’s emotional, behavioral, and cog-
nitive problems is presented.

A Protocol for Neurobehavioral Assessment

This section presents an overview of issues per-
taining to neurobehavioral assessment of military
personnel following a TBI. The suggested protocol
highlights four key elements of the assessment pro-
cess: (1) developing the referral question, (2) inter-
view and behavioral observations, (3) test selection
and administration, and (4) interpretation and re-
porting. While the information presented herein is
intended to benefit any interested reader, adminis-
tering and interpreting the evaluation requires the
supervision of a well-trained professional, typically
a clinical neuropsychologist.

Developing the Referral Question

Military personnel with probable TBI will typi-
cally be referred for neurobehavioral evaluation by
their physicians. Primary objectives of the evalua-
tion include description of the patient’s neuropsy-
chological strengths and deficits (eg, intellectual,
cognitive, sensory, and psychomotor skills), de-
scription of the patient’s emotional and behavioral

status, and development of a treatment plan. In
addition to these broad objectives, explicit referral
questions can enhance the value of the examination
by guiding the assessment process. Consultation
with referral sources is essential to ensure that the
lengthy examination process meets the unique
needs of each patient and answers the questions that
the treating professionals deem most important. Typi-
cal referral questions among military personnel will
include those that assess the extent of the patient’s
disability and the probability that he may return to
active duty. Examples of other referral questions are
presented in Exhibit 6-2.

Interview and Behavior Observations

An initial interview with the patient provides
useful data regarding any neurobehavioral prob-
lems. The patient’s reactions to the injury are of
particular concern because depression and other
forms of psychological distress often accompany
TBI.231 Clinicians should assess the patient’s percep-
tion of emotional changes, present coping ability,
and level of pessimism. Patients should also be
screened for the presence of depressive symptoms,
including suicidal ideation or intent. Symptoms of
depression after TBI include

• difficulty enjoying activities;
• feelings of worthlessness;
• feelings of hopelessness;
• lack of initiative;
• lack of self-confidence;
• feelings of sadness, being “blue”;
• diminished appetite;
• changes in sleep patterns;
• changes in weight; and
• suicidal ideation or intent.

A medical examination can help distinguish
between pathophysiological changes that have
arisen from injury, and psychological changes. An
interview with family members provides another
important perspective on the patient’s emotional
status.

During the initial interview and throughout the
evaluation, qualitative information may be gained
by observing the patient’s behaviors and reactions
to the testing process. Examiners may, for example,
observe whether the patient is able to recognize er-
rors and, furthermore, if he demonstrates initiative
to correct these errors. If present, socially inappro-
priate behaviors should be noted in the report be-
cause such behaviors can negatively impact the
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EXHIBIT 6-2

SAMPLE REFERRAL QUESTIONS FOR A NEUROBEHAVIORAL EVALUATION
OF MILITARY PERSONNEL

• Describe the patient’s cognitive, intellectual, and psychomotor abilities.

Which areas would you consider relative strengths and which areas would you consider to be weaknesses?

• To what extent are the patient’s deficits attributable to his injury?

What preinjury factors (eg, premorbid educational history, prior brain injury, substance abuse) might be
contributing to the patient’s impairment?

• What is the patient’s present emotional status?

Is there evidence of depression, feelings of hopelessness, or diminished self-esteem?

Is the patient a suicide risk?

• Will the patient be able to return to his previous position in the military?

If so, when might a return to active duty be possible?

If not, are there other jobs within the military that would be better suited to this individual’s abilities?

• Does the patient’s injury require him to assume permanent disability status with the military?

• What is the patient’s competency to drive, manage finances, operate machinery, and take medications?

Will the patient require supervision for his personal safety or the safety of others?

• Does the patient evidence any behavioral problems (eg, aggressiveness, socially inappropriate, low
frustration tolerance)?

• To what extent will the patient benefit from rehabilitation services, including pharmaceutical,
psychotherapeutic, and behavioral management strategies?

• When will the patient require additional evaluation?  For what purpose?

vocational and community reintegration process.
Information should also be obtained about execu-
tive skills, including planning and organization, as
well as problem-solving strategies. Rate of informa-
tion processing and mental flexibility can also be
assessed formally and informally during the exami-
nation process. This information can be used by
vocational rehabilitation professionals to develop
structured work environments, and by therapists
who provide direct feedback to the patient.

Test Selection and Administration

The neurobehavioral test battery should include
a variety of neuropsychological tests that measure
cognitive functioning (eg, attention, processing
speed, verbal, and auditory memory) and psycho-
logical tests that assess emotional and behavioral
status. Qualitative and quantitative criteria should
be considered when selecting tests for the assess-
ment battery. Quantitative criteria reflect a test’s
empirical integrity as indicated by indexes of reli-

ability and validity. Qualitative standards refer to
a test’s ability to address the referral question. For
example, if the patient is being evaluated for sus-
pected mild TBI, the test battery should include
measures that are sensitive to mild brain injury.232,233

When selecting neuropsychological measures for
the test battery, it is important to include diverse
tests that are indicative of a wide variety of abili-
ties. There are many neuropsychological tests avail-
able and clinicians occasionally have difficulty se-
lecting the most appropriate test. As noted earlier,
tests must meet reasonable standards of reliability
and validity.234 Recently, the validity of neuropsy-
chological tests has become a central issue among
researchers and clinicians in the field. Profession-
als are particularly interested in the predictive va-
lidity of neuropsychological tests. Predictive valid-
ity refers to the ability of test scores to predict per-
formance on some criteria behavior, such as return
to work. Some neuropsychological tests (such as the
Paced Auditory Serial Addition Test and the Wech-
sler Memory Scale - Logical Memory subtest) have
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EXHIBIT 6-3

NEUROPSYCHOLOGICAL PROFILE: PERFORMANCE AND IMPAIRMENT LEVELS

1. The patient’s ability in a given domain is determined by comparing his performance to the normal popula-
tion. This comparison allows the clinician to estimate how the patient performed relative to persons of
similar age, education, and sex.

2. A judgment is made of how the patient’s performance has been affected by the injury. Reported sequelae,
review of academic and vocational records, estimation of preinjury level of ability, and knowledge of com-
mon consequences of injury can help the clinician determine which skills are impaired relative to preinjury
status.

3. Clinical neuropsychologists should estimate whether a patient’s functioning in each area has improved,
remained the same, or declined relative to previous testing. Direct comparisons with prior test scores can
help establish whether therapy, subsequent injury or disease, recovery, or medication has affected patient
status over time.

4. The neuropsychologist should review a profile of the patient’s test scores to determine areas that are rela-
tive strengths as well as identify those areas that are clearly weakest in terms of the individual’s overall
performance.

demonstrated their ability to predict return to work
after TBI.197 Such tests could assist the clinician in
addressing questions related to vocational reentry.

Other criteria to consider in selecting neuropsy-
chological tests include the availability of norma-
tive data for persons varying in age, education, race,
and sex. Normative scores from an appropriate
comparison group help to establish the patient’s
level of functioning relative to his peers. Preference
should also be given to neuropsychological tests
that have been used extensively with the brain in-
jury population, as evident in the research litera-
ture. Clinical neuropsychologists are also encour-
aged to use tests that have the greatest relevance to
real-life functioning. For this reason, standardized
measures of spelling, reading accuracy, reading
comprehension, and arithmetic reasoning are use-
ful. As a guide for the reader, other sources are avail-
able that specify commonly used neuropsychologi-
cal tests and the corresponding skill areas they as-
sess.228,235 Assessment of the patient’s emotional and
behavioral status includes formal and informal
methods. Informal methods consist of observing the
patient’s behavior during the testing process and
interviewing the family. Formal methods of assess-
ment incorporate psychological measures of person-
ality and emotional status. Such measures should
be used with caution, because most tests have been
standardized on psychiatric as opposed to brain
injured populations. Nonetheless, some tests can
yield useful insights when cautiously interpreted.

Information from psychological tests should be
compared with the patient’s self-report, report of fam-
ily members, and clinician’s knowledge about the
common effects of injury. For example, the Beck De-
pression Inventory236,237 can provide useful informa-
tion regarding self-esteem, levels of pessimism, ap-
petite disturbance, and libido. However, this
instrument should be interpreted carefully as it is
highly susceptible to a social desirability response
style. The MMPI213 provides some indication of test
taking attitudes and social desirability through
examination of this test’s validity scales. Other valu-
able information about depressive symptoms, family
disturbance, somatic discomforts, and social isolation
can be obtained through use of this instrument.238,239

Interpretation and Reporting

Clinical neuropsychologists are typically asked
to make four important judgments for each cogni-
tive skill area tested. A checklist has been developed
to summarize and cogently present the results of
these judgments (Exhibit 6-3240).

Clinicians also have the responsibility of com-
menting on the patient’s ability to engage in cer-
tain activities that may have associated risks. Pa-
tients and family members frequently have ques-
tions about the patient’s ability to drive, operate
mechanical and electrical equipment, manage fi-
nances, and take medication as prescribed. Inter-
view information about the patient’s current re-
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sponsibilities is integrated with test information to
estimate levels of competence in these skill areas.
When possible, the opinions of other professionals
should be solicited before reaching final determi-
nations. For example, based on neuropsychologi-
cal testing that reveals visuoperceptual problems,
the clinical neuropsychologist may suggest that the
patient submit to a formal driving evaluation be-
fore resumption of driving.

As noted earlier, interpretation of psychological
tests should be done with particular caution as the
majority of these tests were developed for use with
psychiatric populations. Clinicians using the MMPI
should avoid standard clinical interpretation of
scale elevations because certain scales are com-
monly elevated over a T-score of 70 for persons with
brain injury (numbers scale 1, 2, 3, 7, 8).206,241 In these
cases, standard interpretive labels, such as schizo-
phrenia, would be inappropriate for patients with
thought disturbances attributable to a brain injury
rather than psychopathology. Clinicians who use
the MMPI may derive the most valid conclusions
about the emotional and personality functioning of
brain injured persons by examination of responses
to individual test items, including those designated
as “critical items”.

Practical recommendations tailored to the indi-
vidual patient’s needs should be included in the
neurobehavioral report. In response to the problem
areas identified through assessment, clinical neu-
ropsychologists should suggest compensatory strat-
egies and general health guidelines. All patients
should, for example, be encouraged to abstain from
the use of alcohol or illicit substances. Specific defi-
cits, such as memory impairment, can be managed
through the use of compensatory strategies. Numer-
ous TBI patients report memory problems, yet they
learn to cope with this handicap by maintaining a
personal journal in which they record any informa-
tion they need to remember. Patients who are de-
pressed or having other adjustment problems
should be encouraged to seek counseling or be
evaluated for pharmacological intervention, or
both. Ultimately, the value of the neurobehavioral
evaluation will be seen in the clinician’s ability to
consolidate test scores, behavioral observations, and
interviews into a set of realistic recommendations
that will promote the patient’s successful reintegra-
tion into the community.

Intervention

As detailed earlier, TBI often causes a diversity
of emotional, behavioral, and cognitive problems,

even among patients with mild injuries. A compre-
hensive neurobehavioral evaluation is invaluable
for the diagnosis of problematic areas, and subse-
quent development of a treatment agenda. A vari-
ety of treatment modalities are appropriate for
working with TBI individuals. Selecting the treat-
ment of choice will depend on the needs and goals
of the patient. The following section provides a brief
overview of several popular treatment modalities:
cognitive remediation, psychotherapy, and sub-
stance abuse counseling. For a more comprehensive
review of this topic, interested readers should con-
sult other resources.235,242,243

Cognitive Remediation

Individuals who sustain TBI typically suffer from
a number of cognitive deficits, including impaired
memory and concentration skills. The negative re-
percussions of cognitive deficits can be seen in all
areas of function, ranging from vocational ability
to social skills. For example, many patients are un-
able to recall news stories minutes after hearing
them on television. These patients are then unable
to discuss these events with others, leading them
to feel socially inadequate.

Over the past two decades, cognitive remediation
programs have been developed to treat problems
with cognition.243 Cognitive rehabilitation involves
teaching patients strategies that will allow them to
compensate for their cognitive deficits. Compensa-
tory strategies range from simple behavioral tech-
niques, such as keeping a written or taped memory
log, to the use of mnemonic devices or computers.
The efficacy of cognitive rehabilitation programs
depends on a number of essential characteristics.
These include multimodal training, integration of
cognitive and skills training, intervention rooted in
theory, and adaptation of training experiences to the
real-world setting.243

Psychotherapy

Depression, low self-esteem, poor interpersonal
relationships, and other emotional disturbances are
often seen among persons with brain injury. Inter-
estingly, patients with mild injuries report higher
levels of depression than do persons with severe
TBI.206 This phenomena is attributable to the mildly
injured patient’s potential for greater insight and
awareness of their deficits. Thus, awareness of defi-
cits and loss caused by a brain injury may place in-
dividuals at greater risk for psychological malad-
aptation.
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Psychotherapy is a well-established treatment
modality that is intended to reduce an individual’s
emotional distress. The application of psycho-
therapy to the TBI population has only recently been
demonstrated scientifically. Patients with brain in-
jury may use the psychotherapeutic process as an
opportunity to grieve the loss of their former, un-
injured selves. Therapy may also teach brain injured
clients effective methods for coping with depres-
sion and low self-esteem. Clients may also receive
interpersonal training and feedback from their
therapists, which may focus on ways to become
more effective in social situations. In the context of
the therapeutic relationship, the therapist is a source
of empathy and support, and provides the soldier
with objective guidance, facilitating the adjustment
process.

Substance Abuse Counseling

Given the high incidence of preinjury alcohol
abuse and the compromising effects alcohol and il-
licit drugs have on the rehabilitation process, pro-
fessionals working in the field should closely moni-
tor potential substance abuse problems among in-
dividuals with TBI. Interviews with the patient and
family may directly address questions regarding the
patient’s usage patterns pre- and postinjury. If a
family history of drug or alcohol problems, or both,
is discovered, the patient should automatically be
considered at risk. Other at-risk factors to be con-
sidered include the patient’s sex (male) and age

(under 25), job performance (inadequate productiv-
ity or excessive absenteeism), and blood alcohol
levels at the time of injury.

A variety of measures may be undertaken to in-
crease the likelihood of patient abstinence. Patients
and families should certainly be educated about the
potential dangers of substance abuse. Physicians and
other rehabilitation professionals should communi-
cate to their patients consistent guidelines about
abstinence. Family, friends, and clinicians should
promote participation in social and recreational ac-
tivities that do not involve the use of alcohol. Fi-
nally, contracts with patients can be used to estab-
lish clear expectations, guidelines, and behavioral
contingencies. Reward systems may be built into
such contracts to reinforce compliant patients.

Because there are few treatment programs spe-
cifically designed to treat drug and alcohol prob-
lems among disabled individuals, professionals are
encouraged to network with existing substance
abuse agencies in their community in order to pro-
vide services for those in need. Rehabilitation pro-
fessionals can serve to educate these agencies about
specific issues related to TBI. In turn, substance
abuse counselors can instruct rehabilitation profes-
sionals about substance abuse and treatment while
also meeting the intensive treatment needs of dis-
abled patients. Given the dangers of alcohol and
illicit drug use and their compromising effects on
recovery, substance abuse treatment must be aggres-
sively confronted among TBI patients to protect the
integrity of rehabilitation.

VOCATIONAL REENTRY

Over the past decade, data on vocational out-
come following TBI have begun to accumulate and
the findings are not encouraging.209,210,244 Admittedly,
these outcome studies vary on a number of param-
eters, including (a) different levels of injury sever-
ity studied, (b) lack of a consistent definition of
employment outcome (eg, return to work vs em-
ployability), (c) inconsistent verification of work
status, and (d) lack of reliable follow-up over time.209

Despite such differences, the data inevitably lead
to the same conclusion—that TBI often compro-
mises an individual’s ability to return to preinjury
employment levels. Vocational reentry following
TBI is a crucial issue for the military. The following
section provides an overview of this issue, begin-
ning with a review of the employment outcome lit-
erature. Vocational rehabilitation models are then
presented, with an emphasis on supported employ-
ment. Criteria for decision making regarding return

to active duty are also considered, particularly with
regard to mild brain injury.

Employment Outcome Literature

Vocational outcome research consistently indi-
cates that unemployment is a common sequela of
brain injury. In an exemplary study, Brooks and
colleagues205 followed 134 severely brain injured
persons for up to 7 years and reported that fewer
than 30% of the sample were employed at follow-
up. When compared to an 86% preinjury employ-
ment rate, this finding indicates the prolonged ad-
verse effects of brain injury. Another study54 on se-
vere TBI reported similarly disconcerting findings.
Of 60 patients seen 3.5 years after their injuries, only
13% had returned to preinjury employment levels.
The majority of the sample was either unemployed
(52%) or employed in positions that were less de-
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manding, such as sheltered workshops (35%).
Studies on work outcome for mixed severity

groups are equally alarming. Lezak228 studied per-
sons with mild, moderate, and severe TBI at 3 years
postinjury and found that only 15% were employed
in situations consonant with their preinjury educa-
tional or vocational status. Similarly, McMordie and
colleagues followed a mixed severity group for up
to 27 years postinjury (mean = 7 years) and found
that only 19% were competitively employed.244 Even
studies limited to mild brain injury (ie, no loss of
consciousness) conclude that a return to previous
levels of employment can be a difficult if not im-
possible task.245

In response to these staggering findings, re-
searchers205,244,246,247 have begun to identify the pri-
mary risk factors associated with employment
difficulties after brain injury. Despite variability be-
tween studies (eg, differing levels of severity, variable
time postinjury), a number of factors were consistently
related to poor work outcome. These included the
following: (a) cognitive difficulties, including
memory and processing speed205,244; (b) longer du-
ration of coma244,247; (c) age (ie, older patients had
poorer outcomes)244,246,247; and (d) family attitudes.246

Additionally, many investigators argued that per-
sonality and behavioral disturbances (such as im-
paired interpersonal skills, depression, and limited
self-awareness) were the greatest impediments to
successful return to work.205,209

In a 15-year follow-up, Dresser and associates248

looked at prognostic factors related to work out-
come among 864 U.S. veterans of the Korean War.248

The sample of veterans had a mean age of 22.7 years
at the time of injury. Three quarters of the sample
sustained penetrating missile wounds, while the
remainder suffered closed head injuries. Although
Dresser’s diagnostic criteria are unclear, the results
indicate that the majority of the soldiers (70%) sus-
tained mild to moderate injuries. In their conclu-
sions, the researchers argued that the longer lengths
of posttraumatic amnesia predicted poor vocational
outcome. Other predictive factors included apha-
sia, seizures, motor impairment, and preinjury in-
tellectual status.

Unfortunately, few studies chronicle the long-
term effects of brain injury on return to work, mak-
ing it difficult to validate Dresser ’s predictions.
Nonetheless, the existing studies205,207 confirm that
employment difficulties persist for many years af-
ter brain injury. In one of the latest outcome studies,
Thomsen207 reported on 40 severely injured patients
up to 15 years postinjury. While the vast majority of
patients were employed prior to their injuries, fewer

than 8% had resumed full-time employment despite
many years of recovery.

In summary, the work outcome literature does
not paint an encouraging picture. Findings suggest
that regardless of injury severity, persons with brain
injury are at a substantial risk for employment dif-
ficulties. A number of factors, including cognitive
deficits and behavioral and personality distur-
bances, appear to increase the probability of unem-
ployment. Unfortunately, these problems do not
appear to wane with the passage of time, leaving
patients and their families to face the financial and
emotional burdens of chronic employment prob-
lems.

Vocational Rehabilitation: The Supported
Employment Model

Military personnel who have sustained a brain
injury must be directed down one of three voca-
tional paths: (1) return to the position which they
held prior to their injury, (2) placement and train-
ing for a different position that better matches their
postinjury abilities, or (3) pursuit of permanent dis-
ability status. The last option is clearly the most ex-
pensive to the military and demotivating to the dis-
abled soldier. The severest of cases, however, will
require permanent disability in order to safeguard
the injured person and others against potentially
dangerous situations.

The ideal choice of returning the soldier to his
prior position is appropriate when the injury has
not compromised his ability to perform his duties
safely and accurately. Making this decision requires
a comprehensive assessment of the individual as
well as the job. For example, an individual with a
mild brain injury would have more difficulty re-
turning to an executive position than to a manual
job. Safety should also be a primary consideration
as even a mild injury can reduce an individual’s
ability to make fast decisions or react quickly to a
physical threat. Other considerations include the
injured person’s attitude; many people have diffi-
culty accepting that it takes longer to do things than
it did before their injury. Soldiers who do return to
prior positions following a brain injury should be
encouraged to work slowly and carefully until they
again feel comfortable in their positions. This topic
is further addressed in the section, Return to Ac-
tive Duty Following Mild TBI: Decision-Making
Criteria.

A third option for the soldier with brain injury is
to place and train him in a new position that better
matches his abilities and limitations. This approach



Rehabilitation of the Injured Combatant. Volume 1

248

to vocational rehabilitation, known as supported
employment, is designed specifically for individu-
als who need support to maintain employment.249

Supported employment offers direct on-site job
training and intervention to address problems as-
sociated with physically or mentally challenged
employees. While supported employment was ini-
tially developed as a community intervention
method, its basic components are applicable to the
task of vocational reentry among military person-
nel. The following sections describe the components
involved in implementing a supported employment
approach, including client assessment, job assess-
ment, job placement, job site training and enabling,
and follow-along services.

Client Assessment

The function of client assessment is to identify
the individual’s interests as well as his strengths
and weaknesses so that the most appropriate place-
ment can be made. Individualized assessment may
be best accomplished by synthesizing information
from a variety of sources including the individuals
themselves, family members, neuropsychologists,
physiatrists, neurobehavioral assessments, and es-
pecially a functional assessment of the individual’s
skills. Neuropsychological tests can be used to iden-
tify specific cognitive deficits—not to limit employ-
ment options, but rather to specify areas that may
require compensatory strategies. A thorough medi-
cal history, including history of substance abuse and
treatment for psychiatric disorders, should also be
reviewed. Interviewing family members can be par-
ticularly helpful since the families know how the
individual performs in real-world settings. For in-
stance, family members may have developed com-
pensatory strategies for memory problems or found
effective techniques for dealing with behavioral
concerns. Other considerations include the presence
of physical limitations or other medical conditions
that might interfere with successful return to duty.
The individual’s work history and work interest
should also be considered when developing a place-
ment site.

In the supported employment model, a “job
coach” is assigned to act as a liaison between the
client and the placement site. Ideally, the job coach
would have training in vocational rehabilitation,
but an employee from the target placement site
could also be trained for this position. Most impor-
tantly, the job coach should be the client’s advocate.
The development of rapport between the job coach

and employment candidate is a primary factor in
effectively implementing the supported employ-
ment model. If good rapport is developed in the
initial stages of service delivery, it will improve the
job coach’s ability to solve employment problems
that may develop. Failure to develop rapport may
result in persistent resentment or power struggles
within this all too critical partnership.

Job Assessment and Placement

Prior to job placement, the job assessment phase
involves a formal analysis of the skills and respon-
sibilities necessary to perform the task. Each job
must be broken down according to functional ar-
eas. For example, the job of “combat soldier” would
involve a number of functions ranging from “abil-
ity to operate an assault rifle” to “possess physical
stamina necessary to survive under harsh physical
conditions.” A careful analysis of the job require-
ments is necessary to determine which position is
most compatible with the individual’s strengths and
limitations.250,251 At the point that an individual is
determined to be a good candidate for a particular
job, the job placement phase is initiated. This phase
includes facilitating communication between the
individual and his prospective coworkers, imme-
diate supervisors and commander, as well as fam-
ily members. Conditions of employment, including
work schedule and job requirements, are clarified
for all concerned so that there is less chance of con-
fusion and errors in the initial employment period.
If necessary, the job coach helps make transporta-
tion arrangements and provides transportation
training to the individual.

For individuals with TBI, the component of job
placement should include the broader concept of
environment placement. For people who are easily
distracted, the seemingly “perfect” job in a stress-
ful or chaotic environment may result in job fail-
ure. Having job candidates observe a potential em-
ployment site allows them to observe the job first
hand and evaluate if they like the job or if they feel
comfortable trying the job. After being given skill
training or physical adaptions, or both, the job coach
and the employment candidate can decide together
if the work is acceptable, or if it is more beneficial
to consider a different position. The social aspects
of dealing with coworkers, the particular employ-
ment supervisor, and the amount of socialization
required in an employment setting are also key fac-
tors in making a successful placement with long-
term retention.
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Job Site Training and Enabling

Following the clarification of placement arrange-
ments, the primary activity for supported employ-
ment is job-site training (enabling). Beginning the
first day of employment, the job coach accompa-
nies the new worker to the job site and provides
one-to-one training to the degree of intensity
needed for the individual. The degree of training
intensity expands and contracts based on the
individual’s progress in assuming the work re-
sponsibilities. Training strategies include the use of
behavioral and systematic instructional techniques,
with heavy reliance on task analytic procedures,
production training strategies, and data collec-
tion procedures as on-going processes. Other
sources249,252 detail the technology of job-site train-
ing within a supported employment approach.

For individuals recovering from TBI, persons
with physical disabilities, or long-term mental ill-
ness, there are going to be other major activities in
addition to training during the job-site enabling
component.251 Individuals with physical impair-
ments in addition to cognitive deficits, will need to
make adaptations or modifications to the work set-
ting and equipment (or both) to enhance the
individual’s ability to perform the work activities.
In some cases the job coach may have the expertise
to make the needed adaptations. In other instances,
the coach will need to act in the role of coordinator
to access other resources that can provide the ser-
vice. An example of this would be to arrange for an
occupational therapist to visit the employment set-
ting to confer on the physical positioning of the
worker so that fatigue is avoided and maximum
efficiency of movement can be achieved. Rehabili-
tation technologists or engineers are also resources
that may need to be accessed to help the individual
achieve the ultimate requirements of the job. An-
other example of service coordination would be
accessing psychological counseling services to help
the individual work on personal or interpersonal
issues that may be interfering with his ability to
work independently. Generally speaking, the job
coach should provide direct support or access indi-
rect support services as needed to help the indi-
vidual succeed in the employment situation.

Finally, with regard to the job-site enabling com-
ponent, the job coach plays a major role as advo-
cate for the new worker with the employer, cowork-
ers, and family members. The job coach will need
to negotiate on behalf of the individual worker on
any number of issues that may come up as a result

of the new work situation. For example, the job
coach may negotiate a trade with the individual’s
coworkers which would involve swapping job du-
ties to match each individual’s interests and skills.
Advocacy is of major importance in the successful
implementation of supported employment, and is
an ongoing activity throughout the time an indi-
vidual is employed.

Job-site training and enabling intervention need
to be flexible, according to the level of independence
demonstrated by the employee. At times, the level
of independence may fluctuate due to disrupted
sleep patterns, anxiety, certain medical changes, or
cognitive deficits. Specific cognitive deficits can
include problems with storage, retrieval, and pro-
cessing of information. Feedback from the job coach
to the employee regarding job concerns should be
specific. Written instructions, daily journals, direc-
tive feedback, and role playing are strategies that
can be individualized and used on job sites when
appropriate.

As the soldier learns the work activities and be-
gins to demonstrate competence in independently
performing job duties, the job coach’s level of in-
volvement gradually diminishes. Ideally, the sup-
ported employment model is designed so that the
job-site intervention can increase or decrease based
on the needs of the individual worker. When the
intervention requirements of the individual have
stabilized at a low level (eg, less than 10% to 20%
of the required work hours per week for a period
of 30 to 60 days) the job coach will initiate an ongo-
ing schedule of follow-along support. This model
of supervised return to duty would be valuable for
recuperating injured soldiers on a temporary dis-
ability retirement list. Although these soldiers are
not on active duty, if they were to have a trial of
active duty during this time, an objective assess-
ment of fitness could be made. The “on-site” expe-
rience gained would then help make a determina-
tion of “fitness for duty” based on more objective
data about duty performance capabilities.

Follow-Along Services

Follow-along services within a supported em-
ployment approach means that the job coach main-
tains regular contact with the employee, his super-
visor, and family members throughout the duration
of the employment situation. Contacts are sched-
uled as needed by the employee, including off-job
site contacts with family members or the individual
worker, or others involved with providing employ-
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ment related support services. Follow-along inter-
vention levels may need to increase in response to
changes in the work environment, such as the in-
troduction of new work equipment, which requires
the employee to be retrained. Other occasions for
increased follow-along services include the occur-
rence of interpersonal problems between the worker
and his supervisor or another employee.

With TBI clients, follow-along needs to be as pro-
active as possible. Regular communication with the
employee in a work setting can be an effective strat-
egy for proactive troubleshooting. Compensatory
strategies or physical adaptations may need to be
modified or discontinued according to the em-
ployee’s level of independence. When appropriate,
supervisors, coworkers, and family members can
provide the job coach with information regarding
work-related issues. Most important, the job coach
should be available to counsel the employee and to
support his efforts to be a productive and satisfied
member of the armed services.

Return to Active Duty Following Mild TBI:
Decision-Making Criteria

Decisions regarding vocational reentry for mili-
tary personnel are particularly complex when mild
brain injury is involved. Soldiers who have sus-
tained moderate to severe injuries will typically re-
quire job retraining in their previous position, place-
ment in a new position, or disability status. In con-
trast, the subtler effects of mild brain injury often
complicate the decision-making process regarding
return to active duty. Making this decision requires
a neurobehavioral assessment of the individual,
including interviews with family members, peers,
and supervisors. A number of critical questions should
be answered, including (a) what the individual’s
emotional status is, (b) what his attitude about re-
turning to his prior position is, and (c) to what ex-
tent might cognitive or behavioral deficits impair

judgment of safety and decision-making skills.
Safety should be a primary consideration as even a
mild injury can reduce reaction time and impair an
individual’s ability to make quick and accurate de-
cisions. The physical evaluation board (PEB) makes
the official determination of fitness for duty.

In addition to assessment of the brain-injured
soldier, the decision regarding return to active duty
requires a comprehensive assessment of the target
job. Identical to the procedure described in the con-
text of supported employment, the task assessment
phase involves analyzing the skills and responsi-
bilities necessary to perform the job. Each job must
be broken down into its functional elements, such
as “operate a fork lift” and “supervise manufactur-
ing employees for quality control.” Descriptions
should be as detailed as possible to help identify
those skills that are necessary to perform the task.
The job environment should also be assessed and
rated for safety risks. Finally, coworkers should be
interviewed regarding their expectations of the re-
turning employee’s duties, responsibilities, and
limitations. This process is necessary to determine
if coworkers are more likely to support or disrupt
the reentry process.

Ultimately, the decision regarding return to ac-
tive duty following mild brain injury hinges on
three issues: (1) will reinstating active duty status
compromise the individual’s safety or that of his
coworkers; (2) will emotional, behavioral, or cog-
nitive deficits negate the individual’s ability to suc-
cessfully perform his job duties; and (3) will the
individual have difficulty tolerating changes in his
job performance that are caused by his brain injury
(eg, decreased processing speed and frustration tol-
erance)? If these three questions can be answered
with a “no,” a decision to return the soldier to ac-
tive duty would be warranted. Otherwise, the al-
ternatives of retraining, placement in a different
position (eg, the supported employment model), or
disability should be considered.

FAMILY OUTCOME

There is little doubt that patients are not the only
victims when TBI occurs. Many clinicians believe
that immediate family members frequently suffer
as much, and in some cases more, than patients
themselves. The negative impact on family mem-
bers is not surprising given the many common ad-
verse behavioral, emotional, and intellectual se-
quelae, the dramatic shift in responsibilities and
roles, and the difficulties inherent in finding reha-
bilitation services throughout the continuum of

care. The research of Kozloff253 and Jacobs254 has in-
dicated that extended family and friends are rarely
available to provide long-term assistance. Conse-
quently, the burden of care falls upon immediate
family members.

Clearly, family members will play a central role
in the rehabilitation of soldiers with brain injury.
Because of their importance, family members
should be included as an intrinsic part of the reha-
bilitation team. Important components of an effec-



Traumatic Brain Injury

251

tive rehabilitation program include the family’s
education regarding the effects of the injury, the
treatment planning, and coping strategies. Clini-
cians have long been aware that families can make
or break the rehabilitation process. To encourage
relatives’ positive involvement in the patient’s re-
covery, professionals must appreciate the nature
and course of family reactions to brain injury. The
following section provides an overview of family
reactions to TBI. A review of the literature is pre-
sented first, followed by guidelines for family as-
sessment and intervention.

Family Outcome Literature

The long-term burden of caring for a person with
brain injury is typically assumed by some member
of the patient’s family.253,254 Family members fre-
quently identify themselves as the primary provid-
ers of care and rehabilitative therapies (eg, physi-
cal therapy) for many years following the person’s
injury. Unfortunately, the vast majority of these in-
dividuals receive no formal training to help them
assume this caregiving role.254 Dependent on their
own resources and abilities, families members must
learn to cope with someone whose character and
intellect have been permanently altered. Success-
ful adaptation, although critical, is not common.226

More often, family members report that the burden
of caring for the patient forces them into social iso-
lation255 and depression.256 These negative responses
have far reaching consequences, such as effecting
the duration and level of the patient’s ultimate re-
covery.212,257

Family outcome following TBI, although a criti-
cal factor, has been an understudied topic.258 More-
over, the existing literature is plagued by method-
ological shortcomings, such as inadequate descrip-
tion of samples and use of instruments with ques-
tionable reliability and validity.259 Several excep-
tional studies do exist205,212,226; however, these stud-
ies typically focus on severe TBI or the acute stages
of injury, or both, thereby limiting the scope of their
findings.

Despite our limited knowledge of family out-
come after brain injury, the existing literature has
yielded a number of interesting findings. For ex-
ample, families report that physical complications
cause fewer problems than do cognitive and char-
acter changes,211 which are more disruptive to fam-
ily functioning.260 Alterations in the patient’s char-
acter result in numerous stresses for the family, in-
cluding (a) feelings that the injured person is a
“stranger”256; (b) changes in family roles261; and (c)

difficulties managing the patient’s behavior.257 Fam-
ily members often assume the brunt of the patient’s
frustration and are subjected to verbal abuse and
threats of physical harm.256,260 Lacking the formal
training necessary to handle these stressors,254 many
relatives utilize maladaptive coping behaviors, such
as taking tranquilizers and sleeping pills.262

Several investigators256,257,263 have found that the
burden of caring for someone with a brain injury
places relatives at an increased risk for depression,
anxiety, and physical illness. In a longitudinal study
during the first year after severe TBI, Oddy and col-
leagues257 reported on the responses of parents and
spouses to the Wakefield Depression Scale264 at 1,
6, and 12 months postinjury. Based on the Wake-
field’s clinical cutoff score, 39% of the relatives were
considered depressed at 1 month postinjury in com-
parison to 25% at the 6 and 12 month intervals. The
researchers concluded that the incidence of depres-
sion among relatives declines over the first year
after injury. Oddy and associates257 also investigated
the prevalence of physical illness among relatives
and found that approximately 25% had suffered at
least one major illness since the injury.

In a comparable study,263 researchers from Glas-
gow administered psychosocial measures to rela-
tives of severely injured patients at 3, 6, and 12
months postinjury. Family members completed a
number of surveys, including the Leeds anxiety and
depression scales.265 At 3 months, 34% of the rela-
tives reported significant anxiety and 20% were
depressed. These percentages rose at 6 months to
37% on the anxiety scale and 23% on the depres-
sion scale. At 12 months, the percentage of anxious
relatives remained constant at 37% while depres-
sion increased to 26%. In contrast to Oddy’s
group,257 the Glasgow researchers concluded that
distress among relatives does not decline during the
first year after injury.

Based on extensive clinical experience, Lezak266

developed a stage model of family reactions follow-
ing a relative’s brain injury. Lezak proposed that
families initially (ie, first 3 months following hos-
pitalization) experience anxiety, confusion, and de-
nial. During this period, the family believes that the
patient will return to premorbid functioning within
a year. As the family attempts to help the patient
return to premorbid activities (eg, work and social
events), the members begin to acknowledge the
patient’s cognitive and behavioral deficits. This
marks the second stage which, according to Lezak’s
model, occurs 3 to 12 months following hospital-
ization. During this period, caregivers’ initial be-
wilderment evolves into depression and anxiety as
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EXHIBIT 6-4

FACTORS THAT MODERATE FAMILY
REACTIONS TO TRAUMATIC
BRAIN INJURY

Relatives’ relationship to the patient

Patient’s behavioral and emotional status

Degree of patient’s cognitive impairment

Severity of injury

Time postinjury

their hopes for the patient’s full recovery begin to
fade. In the latter stages of Lezak’s model (15
months and beyond), families must work through
and accept the patient’s permanent deficits. Con-
sequently, the family structure must be reorganized
to accommodate role changes. In some cases, this
process requires emotional or physical detachment
(or both) from the patient.

The existing literature suggests that family re-
sponses to TBI are moderated by a number of fac-
tors, including family, patient, and injury charac-
teristics (Exhibit 6-4). Family characteristics, includ-
ing demographic, dynamic, and economic factors,
have been insufficiently studied and their impact
on family outcome is ambiguous. The only excep-
tion is the characteristic of family relationships.
Preliminary research suggests that spouses have
more difficulty adjusting to the injured person than
do parents.207,211,256,262 Panting and Merry262 were
among the first researchers to compare the reactions
of spouses and parents to a relative’s brain injury.
Family members of 30 British patients with severe
TBI received questionnaires and structured inter-
views. Based on this information, Panting and
Merry concluded that injury was a “great strain”
on all family members. They also observed that
spouses had more difficulty adjusting to the injury
than did parents, although this conclusion was not
supported by any data. Unfortunately, a number of
other shortcomings, such as using instruments of
questionable reliability and validity, limit the effec-
tiveness of their findings.

In a later study, Mauss-Clum and Ryan256 com-
pared the responses from wives and mothers
of neurologically impaired patients. Of the 30 pa-
tients included in the study, the majority had sus-
tained TBI (57%), while the remainder had suffered

vascular accidents (30%), or neurological degenera-
tive disease. Overall, family members reported feel-
ing frustrated, irritable, and annoyed with their
situations. However, a greater proportion of wives
were reportedly experiencing more negative emo-
tional reactions and life changes than were moth-
ers. Unfortunately, a number of factors confound
this finding, including the patient’s age and the type
of injury incurred, making it uncertain if the differ-
ences are attributable solely to the variable of rela-
tionship.

Although methodological limitations dilute any
conclusions, clinical evidence supports the legiti-
macy of a spouse–parent distinction. Experts in the
field of brain injury rehabilitation identify familial
role changes as an inevitable consequence of TBI.
Typically, patients become more dependent on oth-
ers and, in some cases, their behavior becomes more
childlike. Accepting theses changes would presum-
ably be less difficult for parents who consider de-
pendency a natural part of a parent–child relation-
ship,207,211 while childish dependence is likely to be
foreign to a marital relationship and, in turn, more
stressful to the uninjured spouse. Panting and
Merry262 also suggest that marital relationships are
especially burdened when children are involved. In
such cases, uninjured spouses lose their partners’
assistance in caring for their children and are es-
sentially forced into single parenthood.

Certain characteristics of the patient have also
been found to predict family outcome following
brain injury. Current research205,212 suggests that the
severity of the patients’ cognitive deficits is related
to family outcome. However, this is based on two
indirect lines of evidence and the findings should
be considered preliminary. The first line of evidence
comes from research on other disability groups, in-
cluding rheumatoid arthritis, spinal cord injury, and
multiple sclerosis. Bishop and Miller267 conducted
a discriminant validity study on a measure of fam-
ily functioning, the McMaster Family Assessment
Devise (FAD).268 The FAD was designed to assess
different dimensions of family functioning, includ-
ing communication, problem solving, and affective
responsiveness. Bishop and Miller267 administered
the FAD to family members of persons with physi-
cal disabilities (lupus erythematosus, rheumatoid
arthritis, spinal cord injury, stroke, and multiple
sclerosis) and to a “nonclinical” group (no family
member with a chronic physical illness). They found
that the “nonclinical” families were relatively high
functioning. Furthermore, families from the lupus,
arthritis, and spinal cord injury groups were func-
tioning at levels comparable to the nonclinical fami-
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lies. In contrast, the stroke and multiple sclerosis
(MS) groups were reporting significant disturbances
in family functioning. Bishop and Miller267 noted
that the presence of cognitive disturbances among
individuals with MS and stroke differentiated these
patients from the other disability groups. In turn,
Bishop and Miller concluded that “cognitive and
mental disturbances have the most deleterious ef-
fect on family functioning.”

The second line of evidence comes from the re-
ports of relatives living with a person with brain
injury. Researchers from Glasgow, Scotland, devel-
oped two rating scales for family members of per-
sons with brain injury.115,212 The first was a 7-point
“subjective burden” scale on which the relative
chose a number between 1 (I feel no strain as a re-
sult of the changes in my family member) and 7 (I
feel severe strain as a result of the changes in my
family member). On the second measure (objective
burden), relatives rated the patient’s functioning in
different categories, including memory, emotion,
language, physical, and disturbed behavior. A com-
parison of these rating scales revealed that relatives
who reported greater memory impairment were
likely to endorse higher levels of stress.

In addition to cognitive impairments, many sur-
vivors of TBI undergo emotional and behavioral
changes. These changes include depression, apathy,
emotional lability, pathological laughter, and irri-
tability.204,205,207,208,210 In a number of studies,205,207,211

family members identified psychosocial changes as
the greatest impediment to daily living. In a recent
investigation, parents of adult brain injury survi-
vors responded to a number of psychosocial out-
come measures, including the Symptom Checklist-
90 (SCL-90)269 and the Hassles Scale.270 Parents also
rated their children on severity of psychosocial and
physical impairment using the Sickness Impact Pro-
file.271 Tarter272 reported that ratings of psychosocial
dysfunction in the patients were correlated with
severity of stress in the parents. Furthermore, par-
ents who endorsed higher stress levels were more
likely to be psychologically maladjusted. Tarter con-
cluded that the patient’s emotional and behavioral
problems not only correlated with increased paren-
tal stress, but also with psychological distress
among parents.

A final category of moderating variables pertains
to characteristics of the injury, such as injury sever-
ity and time postinjury. Theories of coping with cri-
sis suggest that coping responses are mediated by
the severity of a stress as well as temporal factors.273

The brain injury literature is consistent with this
hypothesis. Many studies report that family reac-

tions vary according to the severity of the patient’s
injury and the time postinjury.212,257 Historically,
studies relating injury severity to family outcome
have been limited by methodological oversights,
inconsistencies in classification, and restricted
samples. In spite of these restrictions, research on
injury severity and family outcome has yielded a
number of noteworthy findings.

In several investigations, researchers found that
marital instability is most common among severely
injured persons and their spouses.274,275 Using a bat-
tery of standardized measures, Peters and col-
leagues274 compared all injury severity groups (ie,
mild, moderate, severe) on dimensions of marital
adjustment. Findings indicated that greater injury
severity was associated with greater marital dys-
function, particularly in the areas of affectual ex-
pression and dual consensus. In an earlier study on
long-term outcome, Walker275 found that nearly 3
years postinjury, individuals with less severe inju-
ries were more likely to be married than were se-
verely injured individuals. This contrasts preinjury
marital status, where the proportion of married in-
dividuals was equivalent across severity groups.

Preliminary findings indicate that injury sever-
ity interacts with time postinjury to affect the
relative’s perception of stress205,212 and the psycho-
logical adaptation.257 In an early outcome study,
Livingston and colleagues276 compared the relatives
of individuals with mild and severe TBI at 3 months
postinjury. Family members completed the Leeds
depression and anxiety scale265 along with a num-
ber of other measures. Relatives of severely injured
patients were found to be significantly more anx-
ious than were family members of individuals with
mild TBI. Levels of depression were comparable for
both groups of relatives.

In a longitudinal study described earlier, re-
searchers in Glasgow212 examined subjective burden
among relatives of severely injured patients at 3, 6,
and 12 months postinjury. Length of posttraumatic
amnesia (PTA), which assesses the patient’s orien-
tation to person, place, and time, was used as an
index of injury severity. Reportedly, longer dura-
tions of PTA were associated with higher levels of
burden among relatives at 3 and 6 months postin-
jury. However, PTA and subjective burden were not
significantly correlated at 12 months, suggesting
that the relationship between injury severity and
stress weakens over time.

In a long term outcome study, researchers226 ex-
plored changes in familial stress levels after sev-
eral years postinjury. Family members of 42 severely
injured patients reported levels of subjective bur-
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den at 1 and 5 years postinjury using a 7-point rat-
ing scale. Scores were collapsed into three catego-
ries of subjective burden: (1) low (1–2), (2) medium
(3–4), and (3) high (5–7). At 1 year postinjury, 57%
of relatives were reporting medium or high levels
of subjective burden. In contrast, 89% of relatives
reported medium or high burden at 5 years postin-
jury. Brooks and colleagues226 concluded that rela-
tives experience higher levels of stress as time
postinjury increases.

Overall, these studies suggest an interesting re-
lationship between injury characteristics and fam-
ily outcome. Temporal factors appear to influence
family reactions, as relatives report more stress over
time.226 This trend is likely related to the scarce avail-
ability of professional assistance beyond the acute
stages of injury.207,211 Initially, the patient and fam-
ily receive a great deal of attention from medical
professionals who are working to stabilize the pa-
tient. Once the patient is released from the hospi-
tal, the availability of resources declines and fam-
ily members are left to deal with the patient on their
own. Over time, the family must adjust to the
patient’s character and cognitive changes as well
as increased financial pressures and social isolation.
Relatives’ reports that stress levels increase with
time are, therefore, understandable.

The amount of time postinjury also appears to
moderate the effects of injury severity on family
outcome. Research suggests that injury severity is
related to stress levels and anxiety among relatives
within the first 6 months of injury.212,276 However, ini-
tial severity indexes are not correlated with relative’s
depression or stress at 12 months.212,257 These prelimi-
nary findings suggest that initial severity indexes
are not predictive of relatives’ psychosocial outcome
beyond the acute stages of recovery. The absence of
a correlation between injury severity and family
outcome over time is reasonable because initial se-
verity measures are only moderately related to pa-
tient outcome.203,232,277 Individual differences account
for wide variability in outcome among patients,
even among the most severely injured.

203,277

Assessment and Intervention

Any intervention strategy must be preceded by
an assessment of the family’s strengths, weaknesses,
and needs. Because of their specialized training and
experience, social workers and psychologists often
play an important role in this evaluation process.
Information gathered by them is often supple-
mented by other professionals in medicine and
healthcare. Assessment of family systems can be

accomplished through interview and clinical obser-
vation. Recently, several standardized assessment
instruments have been developed to provide more
objective means of analyzing family status. For ex-
ample, the FAD268 is a 60-item questionnaire divided
into seven subscales. Descriptive information per-
taining to communication, emotional involvement,
roles, problem-solving skills, and rules for behav-
ior can be derived through examination of scale
score patterns. Scores can be used to establish goals
for intervention and priorities can be developed by
examining scale scores and responses to individual
questionnaire items. Furthermore, global informa-
tion regarding overall family “health” can be de-
rived from the seventh subscale: the General Func-
tioning Scale. Other well-developed measures of
postinjury family functioning should also be con-
sidered, including the Family Adaptability and
Cohesion Scales278 and the Family Environment
Scale.279

Clinicians may choose to use a measure devel-
oped specifically for use with families after brain
injury, such as the Family Needs Questionnaire
(FNQ).280 Measures like the FNQ provide a wealth
of information about how families react to and cope
with the unique stresses associated with TBI. Us-
ing the FNQ, family members rate different needs
on two dimensions: (1) perceived importance (not
important, somewhat important, important, and
very important); and (2) the extent to which each
need is met (not met, partly met, met). Each dimen-
sion provides qualitatively different information
about family needs after TBI. The importance of
family needs is seen in its theoretical relationship
to family coping and levels of stress. Presumably,
families with fewer unmet needs adapt better and
experience less stress than do families with more
unmet needs. Additional information about quan-
titative family outcome measures can be found in
the review by Bishop and Miller.267

The amount and type of intervention must
complement the strengths, weaknesses, and needs
of the family that were revealed in the evaluation
process. Rosenthal and Young281 identified six
modes of family intervention that may be useful fol-
lowing TBI:

1. Family education provides family members
with general information about traumatic
brain injury and specific information about
the patient.

2. Marital and sexual counseling directs couples
toward restructuring marital roles and rede-
veloping a positive sexual relationship.



Traumatic Brain Injury

255

3. Family counseling helps members of the
immediate (and extended) family cope
with the changes in family roles, as well as
issues of loss.

4. Family support groups provide emotional
support through members sharing their
experiences, problems, and information
about community resources.

5. Family networking develops an extended
family and friendship system to share the
burden of care for clients and provide mu-
tual support.

6. Family advocacy helps families learn to fully
utilize existing community resources, en-
hance existing resources, and develop new
resources.

Family members should be encouraged to de-
velop realistic expectations for patients and help
them to accomplish reasonable goals. Unreasonable
or overly optimistic expectations enhance the like-
lihood of failure and ultimately contribute to de-
pression, anxiety, and reduced self-esteem. Con-
versely, being overprotective and setting overly
simplistic goals does not enable soldiers to fully use
existing skills. Lifelong dependence accompanied
by feelings of inadequacy and resentment can eas-
ily result from chronic underestimation the client’s
abilities. Treatment team members should carefully
work with family members to develop appropriate
expectations. Regular discussions of rehabilitation
program goals and progress are helpful.

Although good interpersonal communication is
hard to establish and maintain, frequent contact
between rehabilitation professionals, clients, and
families is an essential feature of effective rehabili-
tation systems. Professionals can develop positive

relationships with family members through shar-
ing information about community resources, focus-
ing on positive client aspects, speaking in practical
terms, and avoiding jargon. The use of jargon will
not only create interpersonal distance between pro-
fessionals and families, but may cause families to
feel ignorant and overwhelmed.

Rehabilitation teams are encouraged to build
family education systems that routinely provide
information about the patient’s problems, profes-
sional treatment strategies, and means by which
the family may facilitate improvement. Ongoing
education is necessary given the many different
challenges faced at each point of the recovery pro-
cess and significant changes in family mem-
bers’ abilities to accommodate information. Al-
though a single team member may be designated
to provide education, team members often share
the responsibility. Information may be provided in
the form of written materials, lectures, workshops,
or individual meetings. Rehabilitation profes-
sionals are also encouraged to learn about commu-
nity support and rehabilitation programs, and to
routinely share their knowledge with clients and
families.

Licensed professionals such as psychologists,
counselors, and social workers are most qualified
to provide marital counseling, family counseling,
and family networking services. Credentialed men-
tal health workers who are employed by the mili-
tary would certainly be able to provide this treat-
ment. However, mental health workers who have
not been trained in TBI rehabilitation should col-
laborate with a physiatrist or clinical neuropsy-
chologist. In the greater community, family support
groups are usually available through such agencies
as the local NHIF.

PREVENTION

One of the biggest issues in addressing the preva-
lent problem of TBI is the education of laypersons
about ways to avoid it. Educational programs aimed
at high school and college students, community ser-
vice agencies, and the mass media have impacted
greatly on compliance issues regarding seatbelts,
drinking and driving, and helmet use with bicycles

and motorcycles. No long term comprehensive TBI
program hoping to have an impact on the devasta-
tion associated with this disability would be complete
without such an educational component. TBI profes-
sionals and unit commanders should be involved in
an organized military effort to address this “epidemic”
through education of troops and officers.

CONCLUSION

There is no question that the field of brain injury
rehabilitation is still in its infancy. We have learned
quite a bit regarding what interventions can de-
crease neurologic and medical morbidity, increase

functional capabilities, and potentially expedite
both neurologic and functional recovery. We still re-
quire a better basic science foundation for our meth-
odologies and clinical theories, although we have
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come a long way in addressing this issue in the last
decade. By encouraging continued examinations,
the rationale behind our rehabilitative treatment
and its overall efficacy we will only improve the

quality of care being rendered to our patients and
their families. In the interim, much of rehabilita-
tion remains an integration of art and science; the
key is to understand how the two interact.
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THE VIETNAM HEAD INJURY STUDY: OVERVIEW OF RESULTS TO DATE

Excerpted from Andres M. Salazar, M.D., Colonel, Medical Corps, U.S. Army (Ret); H. M. Brown; Karen Schwab, Ph.D.; Jordan
Grafman, Ph.D. Unpublished report, 1997. VHIS Collaborative Group, Vietnam Head Injury Study, Building 1, Walter Reed Army
Medical Center, Washington, DC 20307-5001.

INTRODUCTION

The Vietnam Head Injury Study (VHIS), a collaborative project of the Department of Defense (DOD), the Veterans
Administrations (VA, now the Department of Veterans Affairs [DVA]), National Institutes of Health (NIH), and the
American Red Cross (ARC), involves a detailed follow-up evaluation of 1,221 veterans who survived brain wounds
during the Vietnam War. The VHIS was conceived and developed by William F. Caveness at NIH in Bethesda, Mary-
land, who had also been responsible for similar studies of Korean War veterans. At the beginning of the Vietnam
conflict he developed a one-page head and spinal injury registry form and secured the support for disseminating it
throughout the Vietnam theater. Registry forms were completed by neurosurgeons in field hospitals throughout
Vietnam on their head-injured patients who had survived the first week postinjury. Completed forms were returned
to Dr. Caveness at NIH on patients injured from 1967 to 1970, when the initial registry was closed at 2,000 cases.

The primary intent was to register a large number of wounded men for a prospective follow-up study, and not
necessarily to obtain a random sample of all head wounds incurred in combat. Nevertheless, patients were entered
from army, navy, marine, and air force units throughout the theater of operations and represented a wide spectrum of
injury types and severity; the sample amounts to about 7% of all casualties with head injuries in the Vietnam War.
The registry forms included demographic data, as well as information from the field on the circumstances of the
casualty’s injury, wound location, initial status, early treatment, and initial hospital course. Complete military medi-
cal and VA follow-up records were subsequently obtained on 1,221 registry cases; of these, 77% had suffered missile
fragments wounds, 15% had gunshot wounds, and only 8% had a closed head injury.

The VHIS registry consists of a population with unique advantages for the study of head injury outcomes. Prior to
their injuries, these men were healthy, young, and employed. In addition, preinjury intelligence test data were avail-
able for these casualties, having been collected as part of their evaluation on entering the military.

EVALUATION AND ANALYSIS OF DATA

The Vietnam Head Injury Study is a rich source of knowledge about the nature of militarily relevant head injuries.
This brief review of the study to date cites some of the important findings of the VHIS group, with special emphasis
placed on findings and conclusions that are relevant to the rehabilitation of military personnel with head injuries.
Analysis of the VHIS data was carried out in two phases, the second of which is still ongoing:

• Phase I of the VHIS consisted of a detailed, standardized review and computerization of all medical records
by a small group of experienced neurosurgeons and neurologists.

• In Phase II, an unbiased sample of 520 of these casualties, some 15 years postinjury, along with 86 uninjured
Vietnam veterans as controls, underwent an extensive, standardized, 1-week-long, multidisciplinary, inpa-
tient evaluation at Walter Reed Army Medical Center (WRAMC), Washington, DC. By the end of this evalu-
ation, over 22,000 datapoints had been gathered and computerized on each Phase II participant.

Phase I: Records Review

Phase I of the VHIS began in 1975, some 5 years after the end of data collection. Medical records of all military and
VA hospitalizations and all outpatient care visits were collected. After excluding patients with associated spinal cord
injury and those for whom adequate medical records could not be located, the formal registry was reduced to 1,221
men (1,133 with penetrating head injury and 88 with closed head injury). A detailed review and codification of these
records was undertaken by a small group of experienced neurologists and neurosurgeons under the direction of W. F.
Caveness. About 2,000 datapoints were recorded on each patient and organized into various domains for analysis.
Several reports have been published based on this data: on posttraumatic epilepsy,1 retained bone fragments and
abscess,2,3 motor recovery,4 and other neurosurgical issues.5

Phase II: Follow-up Evaluation

Phase II of the VHIS, organized in 1981 by Dr. Caveness, was made possible by a unique collaboration of the three
military services, the DVA, and the ARC. The ARC contacted patients and conducted the initial in-home interviews;
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the US Air Force provided transportation; WRAMC provided the hospital beds and some personnel; the National
Naval Medical Center, Bethesda, Maryland, provided the computed tomography (CT) scans; and the DVA provided
operational funds for the project.

Registry patients were located by the ARC and were invited to participate in the follow-up study. Trained ARC
workers conducted a social work and family history interview, and volunteers who were able then came to WRAMC
for a week-long hospital evaluation. Of the 1,125 men still alive at the time, more than 750 initially agreed to partici-
pate and underwent the ARC interview, although only 520 were actually able to come to WRAMC over the next 3
years (1981–1984).

Control subjects were uninjured Vietnam veterans selected from DVA beneficiary files. Of those invited to partici-
pate, 86 came to WRAMC and received the full VHIS evaluation battery (except for the CT scan).

The extensive multidisciplinary evaluation included the following:

• neurology history and examination (2 h),
• neuropsychological evaluation (16 h),
• speech and language evaluation (6 h),
• rehabilitation/motor function evaluation (4 h),
• audiology examination (2 h),
• CT scan, and
• electroencephalography (EEG) and visual and auditory evoked potentials.

CT scans were performed on a General Electric 8800 Scanner in standard cuts. Involvement of specific brain areas
was coded for computer entry by using templates prepared for each slice, assigning code numbers to specific brain
structures or areas. Structures were coded as normal, partly involved, fully involved, or unreadable due to metal artifact.

RESULTS: PHASE II FOLLOW-UP STUDY

Perhaps the most encouraging finding to date has been the amazing ability of many of these young men to com-
pensate for their injuries despite the large size of many of their brain wounds. CT scanning showed that 80% of the
registry patients had injuries involving multiple lobes of the brain, and 33% had bilateral injury (the injuries were
thus much larger than had previously been estimated from surgical reports and X-ray examinations of the skull
alone, the only means of assessing brain wound size in the Vietnam era). To the casual observer, almost two thirds of
these patients might appear to be functioning normally. Nevertheless, careful examination almost invariably revealed
some neurological or neurobehavioral functional deficit. Unrecognized cognitive and especially memory deficits
often resulted in a failure to seek medical help or veteran’s benefits; many patients with large brain wounds had been
returned to duty after cranioplasty and had eventually received nonmedical discharges from the military services.
Thirty-eight percent of our brain-injured patients (vs 28% of controls) received a recommendation for psychological
intervention or therapy, although many had previously undergone such therapy before participation in the VHIS.
Overall, recommendations for neurological or psychological follow-up were made in 72% of the brain-injured pa-
tients and 52% of the controls; the brain-injured group received more recommendations per person than the controls.
Much of the analysis made possible the formulation of guidelines, which may be useful in (1) predicting the eventual
outcome in brain-injured patients, (2) providing such patients and their families some insight into difficulties that
they may expect, and (3) targeting specific therapies for them early in their convalescence.6

Mortality

A 15-year mortality study on men in the registry showed 90 deaths (8%). Most of the deaths occurred early in the
first year after trauma and were secondary to the direct effects of brain injury or the sequelae of coma. Complica-
tions, particularly infections, were significant mortality factors. Coma was the best prognostic predictor of early
death. Posttraumatic epilepsy was not related to mortality except for the risks accompanying each seizure. The popu-
lation began to approach the actuarial mortality norm of their peers within about 3 years of injury.5

Neurology and Neurosurgery

Thanks in large part to helicopter evacuation and the deployment of neurosurgeons close to the battlefront, a
wounded soldier in Vietnam usually received prompter and better medical care for such wounds than was available
anywhere else in the world at that time. Most men had definitive neurosurgery within 6 hours of injury, but a pre-
liminary analysis of complication rates by delay in provision of initial surgery suggests that mortality and morbidity
begin to rise significantly only with delays of longer than 24 to 48 hours. Combined with data on early hospital
mortality, this type of information may be important for establishing military medical logistical and evacuation policy
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in future conflicts (in which battlefield conditions and distance from hospitals, for example, might make such prompt
care impossible to provide).

Retained Bone Fragments

One important and controversial neurosurgical issue addressed has been the significance of retained bone within
the intracerebral wound tract. The experience of previous wars had suggested that retained bone fragments increased
morbidity and mortality. It thus became standard operating procedure in Vietnam to remove such fragments surgi-
cally, even if this called for repeated brain operations in otherwise healthy, convalescing patients. Over 10% of our
patients thus underwent repeat surgery for this purpose, some of them multiple times. Retrospective analysis of CT
scans now shows that more than 20% of the VHIS population still have retained bone fragments, including almost
75% of those who had had secondary surgery for removal of such fragments. Moreover, a detailed review of the
medical records of each of these men shows that in this population, retained bone, per se, has no significant effect on
mortality, morbidity (including infection rate), or sequelae of brain injury. This strongly suggests that repeat opera-
tions for retained bone, in the absence of complications, are not warranted and may be detrimental.7

Other neurosurgical questions that are currently being addressed in the data include the relation of ventricular
enlargement to intraventricular wounds, clinical and cognitive deficits, and eventual community adjustment; and
the relation of surgical complications such as infection to wound type, fragment type and size, surgical procedure,
spinal fluid leaks, and eventual outcome.

Posttraumatic Epilepsy

The incidence of posttraumatic epilepsy (PTE) some 15 years after injury in the VHIS was 51%. This overall inci-
dence appears to be somewhat higher than figures reported for previous wars (World War I, 38%; World War II, 34%,
43%; Korea, 36%), the Iran–Iraq and Lebanese conflicts, and even for these same patients at an average 5-year follow-
up (34%).1 Explanations of this apparent discrepancy include the longer follow-up, the fact that detailed histories
were available in person from the patient and family, and inclusion in the VHIS cohort of patients with injuries so
severe that they would not have survived in previous wars. In 57% of the Vietnam group with seizures, attacks began
within 1 year of injury; in 18%, 5 to 10 years after injury; and in 7%, 10 or more years after injury. When compared
with a normal age-matched population, the relative risk of epilepsy in the Vietnam cohort was 520 in the first year
after injury, 90 in years 2 to 5, and 36 in years 5 to 10. At years 10 to 15 postinjury, the relative risk of developing PTE
was still 25 times higher than normal.

A number of clinical and injury factors were found to be associated with PTE. As expected from prior studies, total
brain volume loss on CT was significantly associated with PTE (P = .0001), as was the presence of hematoma (P = .01)
or retained metal fragments (P = .02). However, tangential high-velocity gunshot wounds, retained bone fragments,
use of a dural graft for closure, cranioplasty, and brain abscess showed no relationship to PTE. Similarly, preexisting
factors such as family history of epilepsy or preinjury intelligence as measured by the Armed Forces Qualification
Test had no impact on incidence of PTE. Among neurological outcomes, hemiparesis (P = .03), aphasia (P = .009),
organic mental disorder (DSM III) (P = .01), visual field loss (P = .01), or headache (P = .001) were all associated with
seizures, but traumatic loss of consciousness, either immediate or at first neurological examination, was not. Neither
subsequent head injury, other encephalopathy, nor alcohol abuse played important roles in occurrence, particularly
in late-onset cases.8

Motor Function

Forty-seven percent of our patients were recorded as having a paralysis early after injury, and about half of those
have now recovered. Analysis of the clinical and anatomical correlates of recovery from hemiparesis has resulted in
a simple initial model that may allow us to predict which patients will recover. Clinical findings significantly (P <
.05) associated with nonrecovery were sensory loss, organic mental disorder, abnormal EEG, partial simple seizures,
and an initial extensor plantar response. Anatomical correlates included large, total brain volume loss and involve-
ment of the following anatomical structures on CT: sensory-motor cortex, supplementary motor area, posterior tem-
poral cortex, temporal white matter, and the posterior limb of the internal capsule. Clinical and anatomical factors
were then allowed to interact in a stepwise logistical regression model comparing unrecovered patients to those with
delayed recovery (> 1 mo postinjury). Items significantly (P < .05) predicting recovery in this model were involve-
ment, seen on CT scan, of (1) vertex or medial sensory motor cortex, (2) central corona radiata and caudate body, (3)
extensor plantar response, and (4) sensory loss, in that order. Probability of recovery was .05 for patients with all
items present and .97 when all were absent. This model was 82% accurate.9 Most patients who are going to recover
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motor functions will do so within the first 6 months after injury (15% recover within 1 mo), but a small percentage
may not do so for several years.

Considerable ipsilateral as well as contralateral deficits in complex hand motor functions can be found in patients
with lesions in the frontal and parieto-occipital lobes, even in the absence of an overt hemiparesis. This is most
pronounced in patients with right hemisphere brain injuries and in right-handed individuals.10 Preliminary analysis
of our data also shows that the relation of persistent hemiparesis to eventual successful community adjustment is not
direct and that other factors, primarily cognitive status, may play a more important role than paralysis per se. Ongo-
ing follow-up studies will clarify this relationship. Further analyses of the pattern of motor recovery, the relation of
paresis to language function, and the relation of spasticity to lesion location are also planned.

Traumatic Unconsciousness and Amnesia

Analysis of traumatic unconsciousness and amnesia in the VHIS casualty database showed that only 15% of the
patients had prolonged unconsciousness and 53% had no or only momentary unconsciousness after injury, empha-
sizing the focal nature of these wounds. There was a clear dominance of the left (or language-dominant) hemisphere
for the “wakefulness” or vigilance component of consciousness. The areas of the posterior limb of the left internal
capsule, the left basal forebrain, midbrain, and hypothalamus were most associated with unconsciousness. Left domi-
nance is not seen for posttraumatic amnesia after elimination of the “wakefulness” variable, suggesting that the
latter may be linked to the well-recognized role of the left hemisphere in certain verbal memory processes.11 This
particular analysis illustrates another example of the functional asymmetry of the two halves of the brain and has
also helped to sharpen the distinction between the two major aspects of the arousal component of consciousness:
“wakefulness” (left hemisphere) and attention (right hemisphere).

Basal Forebrain Lesions and Cognition

The neurological and cognitive performance of 15 young veterans who suffered unilateral penetrating missile
wounds of the basal forebrain was compared with that of patients without basal forebrain lesions and uninjured
controls.12 They did somewhat more poorly on tests of episodic memory, reasoning, and arithmetic, and had more
prolonged unconsciousness than patients with lesions elsewhere in the brain. However, their performance on tests of
intelligence, attention, and language was not consistent with that of demented patients. These results suggest that
the basal forebrain may be a component of limbic-hippocampal memory processing systems, but it is not responsible
for the maintenance of cognitive processing in general.

Electrophysiological Studies

The relationship between EEG findings and clinical and radiological features was studied in the first 300 VHIS
subjects. EEGs were performed on 16- and 18-channel Grass equipment using the international 10–20 system. Fifty
age-matched Vietnam veterans were used as controls. The EEG was abnormal in 48% of the patients. Epileptiform
findings (EF; spikes or spikes wave) were found in 15% of the records and focal slowing (FS) in 38%. Of the patients
with EF, 80% had one or more seizures after head injury, compared with 64% of patients with FS and 41% of patients
with normal EEGs. Epileptiform findings were seen in 16% of patients who had had their initial seizures during the
first year following head injury but in only 7% of those with onset after 5 years. EEG was normal in 31% of the former
group and 71% of the latter. No correlation was found between EF and family history of epilepsy, seizure frequency
in first year after injury, or seizure persistence. Both EF and FS correlated significantly with hemiparesis (P = .0001),
aphasia (P = .00074), and CT scan revealed evidence of deep cerebral injury (P = .0004).13

Another analysis studied the relationship between visual evoked potentials (VEPs), perimetry, clinical, and CT find-
ings of the first 150 patients in our study. Full field (FF) and half field (HF) responses were obtained via a television screen
that delivered checkerboard-pattern reversal stimuli at the rate of 2.1 per second. Responses were recorded on four
medial and lateral occipital electrodes simultaneously, placed 5 cm and 10 cm from the midline. Visual fields were ob-
tained by Goldmann perimetry and CT scans by a General Electric 8800 scanner. Fifty age-matched Vietnam veterans
served as controls. Fourteen patients (9%) showed a mono-ocular delay of VEP on the side of head injury. Seven of these
patients had no visual complaints, suggesting that VEP detected a subclinical traumatic macular or optic nerve dysfunc-
tion. HF stimulation and perimetry produced concordant data in 88% of the patients. When abnormal, both tests corre-
lated highly with a parieto-occipital site of injury. In six patients, abnormality of HF-VEP pointed correctly to the side of
head injury but perimetry was normal; while in a few patients, perimetry showed small hemianopic field defects and HF-
VEP missed them. These data indicate that HF-VEP is a sensitive measure of optic radiation dysfunction in penetrating
head injury. Information derived from HF-VEP and perimetry complement each other in retrochiasmatic brain lesions.14
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Audiology

Analysis of central auditory testing on 250 VHIS subjects was done, including correlations with CT evidence of
damage to eight different regions of the temporal lobe. The location and degree of temporal lobe injury was com-
pared with dichotic speech test results in an effort to establish auditory correlates of physical damage. Results indi-
cate that speech test scores are significantly affected by injury site. In addition, three dichotic speech tests were
administered to 300 individuals with brain injury in various locations. The sensitivity of each test was studied rela-
tive to the percentage of normal/abnormal scores for specific injury groups. A high rate of false-negative and false-
positive results was present for all measures. The three dichotic tests did not vary substantially in their ability to
detect damage to the right or left temporal lobes.

Separate analyses have also studied the relationship of lesion site to loss of perception of time-compressed
speech, which has been reported to be a useful test in the identification and differentiation of central auditory
deficits.15

Speech and Language

Initial analyses of the speech and language data have included studies of recovery from Broca’s aphasia,16 speech
discrimination deficits,17 and acquired stuttering.18 The first was designed to determine which language faculties are
retained in the chronic form of expressive aphasia, and what characteristics of brain lesions differentiated between
patients who recovered and those who did not recover from expressive aphasia within 15 years following penetrat-
ing head injury. Two groups of men who sustained penetrating head injuries and had an expressive aphasia during
the first 6 months following injury were examined 15 years later. One group had a chronic expressive nonfluent
aphasia; the other had recovered and was without symptoms of aphasia. On a comprehensive battery of speech and
language tests, the patients with chronic expressive aphasia demonstrated specific deficits in syntactic processing in
all language modalities, while they were within the normal range in other language faculties. The recovered group
demonstrated syntactic deficits only in written expressive syntax. The CT lesions of the two groups differed in the
extent of left hemisphere lesion volume and the degree of posterior and deep lesion extension. Broca’s area was
equally involved in both groups but was not involved in all patients in either group. All the nonrecovered group had
posterior extension of the lesion to involve Wernicke’s area, with some involvement of the underlying white matter
and basal ganglia in the left hemisphere.16

Speech discrimination and identification tasks assessing voicing and place distinctions were given to 16 unilater-
ally brain-injured subjects free of aphasic or dysarthric symptoms 12 to 15 years postinjury. Seven subjects did not
demonstrate any difficulty with these speech tasks, while five subjects who had been injured on the left side of the
brain and four who had been injured on the right showed moderate difficulties. These difficulties were more pro-
nounced on the discrimination than on the identification tasks. Analysis of CT scans demonstrated that the lesion
locations most clearly associated with the speech discrimination deficits were upper levels of the white matter subja-
cent to cortical regions in either hemisphere.17 Other analyses of the VHIS database now underway will study recov-
ery from Wernicke’s aphasia and patients with dysprosody.

Neuropsychology

The Neuropsychology Section of the VHIS was developed to broadly address certain critical issues regarding
brain–behavior relationships, the conceptual validity of specific cognitive theories, and the persistence of cognitive
deficits and their effect on the clinical course of a patient. One unique characteristic of the VHIS population is the
availability of preinjury intelligence testing in the Armed Forces Qualification Test (AFQT). The same test was then
administered at follow-up to all patients. We assessed the impact of education, preinjury intelligence, brain volume
loss, and lesion location on postinjury intelligence level.19 We found that, in general, the most important determinant
of postinjury intelligence was preinjury performance on the AFQT. One exception was seen in patients with severe
left hemisphere lesions, which was not surprising given the linguistic processing demands of the AFQT. In addition,
we discovered that the more global a cognitive process, the greater the effect of brain loss volume; that is, specific
cognitive processes were affected relatively more by lesion location.20 This methodological approach will continue to
guide our research effort: distinguishing between effects on global versus specific cognitive processes and mood
presentations, and their interactions, by considering both anatomical and behavioral variables.

Exploitation of the VHIS data has been proceeding in several separate areas: cognition, mood, injury characteris-
tics, and functional and clinical outcome utilizing lesion location, brain loss volume, and preinjury intelligence as
covariates. We believe that the initial studies in each area not only will contribute to the scientific and clinical litera-
ture but will also provide the basis for continuing analysis in the future. This continuing analysis is necessary to
refine the models of brain–behavior relationships we have only barely begun to construct.
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Cognitive Process

One example of a specific cognitive process is the ability to discriminate and recognize faces. Our analysis indi-
cates that both hemispheres of the brain contribute to this process, with the left hemisphere storing face knowledge
information and the right hemisphere storing procedures that allow for rapid face discrimination and form memory.
Face recognition that requires transformation of features (eg, the person has to rely on specific facial features for
recognition) seems to require the integrity of the frontal lobe.21

A second example of a specific cognitive process involves the semantic encoding of recently presented verbal
information. We have tested an individual who presented with a restricted deficit in this process in contrast to supe-
rior skills in all other cognitive areas. We argue that of his brain lesions, the critical one for this cognitive process is
the one in the columns of the fornix.22

Mood Presentation

We have taken a parallel course in examining the mood presentation of our patients. A particularly interesting
area of investigation is the effects of frontal lobe lesions on the maintenance of control of anxiety, fear, and hostility.
We have demonstrated the rather profound and persistent effects of orbitofrontal lesions on the modulation of feel-
ings of anxiety, dorsofrontal lesions on feelings of sluggishness, and the acute effects of frontal lobe lesions in general
on control of anger and hostility.23 Patients with left dorsofrontal and right orbitofrontal lesions were most disinhibited,
edgy, angry, and depressed. Ongoing studies are investigating single cases with limited orbitofrontal lesions, Beck
Depression Inventory group profiles, Minnesota Multiphasic Personality Inventory group profiles, and factor analy-
sis of the Bear-Fedio Trait Scales. Our purpose is to develop a rudimentary model of mood state representation and to
discover how mood state interacts with cognitive processes.

Although for many years anecdotal reports have linked violent and aggressive behavior to frontal lobe injury, the
VHIS gives us an opportunity to examine this issue in a large cohort of well-characterized survivors with injuries to the
frontal lobe and other parts of the brain. Using factor analysis and other statistical techniques, VHIS psychosocial
and other data were used to generate two indices of violence or aggression in a cohort of 336 subjects and controls. These
were then correlated with anatomical lesion location. Results indicate that it is ventromedial frontal lesions that
correlate with violence and aggression, which, in this cohort, was usually manifested verbally in family situations.24

Psychosocial Outcome

A final analysis scheme addresses the impact of penetrating brain wounds on ultimate functional psychosocial
outcome, the major attribute, for purposes of this study, being the subject’s ability to return to work. Earlier analyses in
Korean War veterans with head injuries indicated that a considerable proportion of such men were able to return to
gainful employment. We have investigated the effects of residual impairments resulting from head injury on the work
status of the VHIS population as well. Extensive standardized testing of neurological and neuropsychological and
social functioning was done some 15 years postinjury on the VHIS subjects (N = 520), as well as on the uninjured controls
(N = 85). Fifty-six percent of the head-injured subjects were working at follow-up, compared with 82% of the unin-
jured controls. Up to 80% of the subjects with head injuries reported having worked at some time postinjury. Furthermore,
the occupational distribution of our working, head-injured veterans does not differ significantly from that of the
uninjured controls or the age-matched population of the United States.25 After excluding several patients with severe
triplegia or global aphasia, none of whom worked, we investigated the relationship of selected neurological, neuropsy-
chological, and social impairments to the ability to return to work, using factor analysis and multiple logistic regression.

In the final model, we identified seven systematically defined impairments that were significantly related to the
ability to return to work. These were posttraumatic epilepsy, hemiparesis, visual field loss, verbal memory loss, visual
memory loss, psychological problems (anxiety and depression), and violent behavior. These disabilities had a cumu-
lative and nearly equipotent effect on the likelihood of returning to work. A simple summed score of the number of
these seven disabilities can yield a residual “disability score,” which may prove to be a practical tool for assessing the
likelihood that patients in the VHIS population, and perhaps in other brain-injured populations, will return to work.
Patients with up to any three of these impairments had a 65% or better likelihood of returning to work. However, the
presence of five or more impairments was associated with only a 20% likelihood of returning to work. These findings
may also help to focus rehabilitation efforts on those disabilities most likely to affect the ability to return to work.26

SUMMARY

The VHIS contains a rich database on a well-defined group of casualties with penetrating head injuries. This
ongoing study will continue to provide material for analysis for years. While many of the questions posed in the
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original planning for the study have already been answered, new questions have arisen and will continue to arise as
investigators explore the data. The VHIS evaluation has also helped us identify subsets of patients with specific
types of wounds or deficits who can be invited to return for more detailed experimental testing that concentrates on
their specific disabilities, or on hypothesized functions of the brain areas involved in their injuries. Many of the
questions have immediate practical implications for prediction of outcome, therapy, and determination of disability
status. However, perhaps the most valuable aspect of the study will be the long-term benefits resulting from a better
scientific understanding of brain function and its localization.
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