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Abstract Traumatic brain injury (TBI) is a common and costly problem worldwide.
In the United States, 1.5 million people sustain TBI each year, and approximately
230,000 of these require hospitalization for management of their injury. The majority
of TBI resulting in hospitalization are moderate to severe in nature and produce
significant mortality and morbidity. Among those surviving their injuries, most
will develop cognitive, emotional, and behavioral (collectively referred to here as
neuropsychiatric) disturbances in the acute postinjury period and will require acute
rehabilitation management. These posttraumatic neuropsychiatric sequelae present
substantial clinical management challenges that the consulting neuropsychiatrist is
well suited to evaluate and manage. In the service of offering the consulting neuro-
psychiatrist with information that may be of use in the care of persons with TBI
receiving care in the acute neurorehabilitation setting, this chapter first defines and
describes TBI and reviews the neuroanatomical and neurobehavioral consequences
of TBI relevant to understanding posttraumatic neuropsychiatric disturbances.
These disturbances are organized under the framework of posttraumatic enceph-
alopathy, and the characteristic forms and stages of recovery of this condition are
discussed. Finally, a neuropsychiatric approach to the evaluation of persons with
TBI in the acute inpatient neurorehabilitation setting is described.
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Introduction

Neuropsychiatrists and behavioral neurologists are increasingly involved in the
early postinjury and neurorehabilitation management of persons hospitalized after
traumatic brain injury (TBI). In the United States, approximately 230,000 persons
annually are hospitalized in the acute injury period [1, 2]. Most of these individuals
sustain TBI as a result of road traffic accidents, transportation, falls, or assaults,
including incidents involving firearms. Among those whose injuries require hospi-
talization, adolescents, young adults, and older persons are overrepresented, and
most of these sustained TBI of moderate or greater severity [1, 2]. Between the
early 1980s and late 1990s, the overall annual rate of hospitalization following TBI
declined by 51% [1, 2]. This decline is generally attributed to 61% and 19% reduc-
tion in hospital-based care of persons with mild and moderate TBI, respectively.
At the same time, annual hospitalization rates following severe TBI increased 90%,
from 10 to 19 per 100,000 persons. Additionally, in-hospital mortality following
TBI declined by 17% as a result of advances in pre-hospital and in-hospital trauma
care [1, 2]. As a result of these changes in the epidemiology of TBI, individuals
admitted to hospital following TBI are more likely than in past decades to have
sustained a relatively severe injury and to survive it.

More than 40% of persons hospitalized following moderate-to-severe TBI
(or about 125,000 persons in the United States annually) are expected to develop
permanent disability as a result of that injury [3]. Posttraumatic neuropsychiatric
disturbances — a term used here to denote the broad spectrum of impairments in
cognition, emotional regulation, behavior, and elementary neurological function
produced by mechanical trauma to the brain — are particularly common among persons
with moderate or severe TBI [4-8]. Neuropsychiatric disturbances are substantial
contributors to postinjury disability [9-11] and reduced quality of life for patients
and their families during and after the early postinjury period [10, 12—14].

The care provided to persons with TBI in acute inpatient rehabilitation settings is
intrinsically neuropsychiatric. The neurorehabilitation of persons with moderate-
to-severe TBI requires identification and management of cognitive impairments
(e.g., disturbances of arousal, attention, processing speed, memory, and executive
function, among others), emotional disturbances (e.g., irritability, liability, depression,
anxiety), behavior (e.g., restlessness, agitation, disinhibition, aggression, apathy), and
elementary neurological functions (e.g., sleep—wake cycle disturbances, seizures,
motor impairments, sensory impairments). Identifying and treating neuropsychiatric
disturbances as early as possible during the course of postinjury care as well as avoiding
interventions with the potential for acute and/or long-term neuropsychiatric complica-
tions will reduce long-term posttraumatic neuropsychiatric morbidity. Accordingly,
developing further the consulting neuropsychiatrists’ expertise in the neuropsychiatric
assessment and management of persons with TBI is an important objective.

With these goals in mind, this chapter begins by defining TBI and reviewing the
commonly used methods of identifying TBI and characterizing its severity. The
neurobiology of TBI is reviewed briefly, including the neuroanatomy, neurochem-
istry, and brain—behavior relationships relevant to the management of acute and
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subacute posttraumatic neuropsychiatric disturbances. Finally, a neuropsychiatric
approach to the evaluation of persons with TBI in the acute neurorehabilitation
setting is described.

Defining TBI

TBI is defined as a functionally significant disruption of brain function produced
by blunt or penetrating trauma or rapid acceleration/deceleration forces that results
in immediately apparent cognitive or physical impairments [15]. Although the CDC
clinical case definition permits skull fracture to serve as a proxy marker for TBI, in
this chapter we exclude from consideration those injuries that produce only skull
fracture: although the association between skull fracture and TBI is well described
[16-18], this association is neither invariate nor a sufficiently reliable predictor of
TBI to permit skull fracture to serve as the sole clinical finding upon which to
predicate a TBI diagnosis [19]. Additionally, brain injuries from other causes such
as birth trauma, hypoxic-ischemic (anoxic), inflammatory, toxic, or metabolic
encephalopathies, primary ischemic or hemorrhagic strokes, seizure disorders,
intracranial surgery, and cerebral neoplasms, although these are all causes of
acquired brain injury, are excluded from this definition of TBI (Table 1).

Table 1 Clinical case definition of traumatic brain injury (adapted from the Center for Disease
Control Guidelines for the Surveillance of Central Nervous System Injury, 2002)

Clinical phenomena Description
Objective neurological Focal motor, sensory, or reflex abnormalities
abnormality Seizures (focal or generalized)
Alteration of consciousness Loss of consciousness (LOC)
Impairment of wakefulness (arousal) and/or awareness
Amnesia Loss or impairment of peri-event memory

Retrograde amnesia (RGA): impaired memory for events
immediately preceding the injury
Anterograde amnesia (AGA): impaired memory for the
injury or the events that follow it
Posttraumatic amnesia (PTA): the period of dense
impairment in new learning following TBI; inclusive of
both AGA and RGA
Objective neuropsychological ~ Standardized neuropsychological examination (in the
abnormality immediate postinjury period) reveals impairment of
cognition (e.g., disorientation, confusion), disturbances
of behavior (e.g., agitation), or other abnormalities in
neuropsychiatric status (e.g., personality change)
Diagnosed intracranial lesion ~ On computed tomography (CT), magnetic resonance imaging
(MRI), or another neurodiagnostic (i.e., neuroimaging)
study, there is evidence of diffuse axonal injury, and/
or epidural, subdural, subarachnoid, or intracerebral
hematoma, and/or cerebral contusion or laceration, and/or
penetration of brain by foreign body (e.g., gunshot wound)
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With respect to the cognitive manifestations of brain dysfunction at the time of
injury, no single symptom or sign is pathognomic of TBI. Instead, any one (or
more) of several features, including loss of consciousness (LOC), dense impair-
ment in declarative new learning (posttraumatic amnesia, PTA), and alteration in
higher cognitive functions (e.g., feeling “dazed and confused” without LOC or
PTA), is sufficient evidence of brain dysfunction to merit assignment of this diag-
nosis, regardless of the duration of these disturbances. With regard to elementary
neurological impairments, the intended referents of this term are focal neurological
signs (e.g., hemiparesis, hemianopia), focal neurological symptoms (e.g., hemisen-
sory loss), or seizure. Nonlocalizing or generalized neurological symptoms such as
headache, fatigue, dizziness, blurred vision, and so forth, although common post-
concussive symptoms, are frequently produced by peripheral nervous system
injury, musculoskeletal (i.e., cervicospinal) injury, and facial/head (without brain)
trauma. Accordingly, these are less useful as indicators of brain injury and therefore
not used as evidence of TBI in the standard definition of this condition [15].

Characterizing TBI Severity

TBI severity is generally divided into three categories: mild, moderate, and severe.
Among hospitalized patients, the Glasgow Coma Scale (GCS) [20] is the most com-
monly used metric for determining TBI severity. Mild, moderate, and severe TBI are
defined by GCS scores of 13—15, 9-12, and 3-8, respectively, reflecting performance
on three relatively elementary assessments of verbal, eye opening, and motor responses.
While the GCS is an excellent research and clinical measure when administered in a
consistent and timely manner [6, 21, 22], its use in many hospitals is inconsistent, at
best, and the data it yields are frequently confounded by other non-TBI factors [23].

In the absence of GCS scores, or as a supplement or complement to them, determi-
nation of the duration of PTA is also a useful gauge of TBI severity [24]. PTA describes
the period of dense impairment in the ability to learn new information (with or without
some degree of retrograde amnesia). Although PTA is most accurately understood as
one of the later stages within the larger condition of posttraumatic encephalopathy
(PTE; discussed later in this chapter) [25], the conventional assessment of PTA dura-
tion encompasses the entire period between injury and the recovery of reasonably
continuous and accurate memory for daily events. There are several measures with
which to formally assess PTA severity and duration, the most commonly used of which
are the Galveston Orientation and Amnesia Test (GOAT) [26] and the Orientation Log
(O-Log) [27, 28]; among these, we prefer the O-Log given its ease of administration
and interpretation and its excellent statistical comparison to the GOAT [29].

When neither GCS nor prospective PTA data are available, TBI severity may be
characterized retrospectively using the American Congress of Rehabilitation
Medicine (ACRM) definition of mild TBI [30, 31]. These criteria define TBI as a
physiological disruption in brain function resulting from the application of an exter-
nal physical (including acceleration/deceleration) force, as evidenced by any one
(or more) of the following: LOC, PTA, altered mental state (‘“‘dazed and confused”),
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and/or a focal neurological deficit that may or may not be transient. To remain in
the mild category, LOC must be less than 30 min, after which GCS scores are in
the 13—15 range, and/or PTA duration is no longer than 24 h. Injuries that produce
LOC of 30 or more min, GCS scores less than 13 at 30 min (or later) post injury,
and/or PTA longer than 24 h are classified as moderate to severe. McMillan and
colleagues in 1996 [31] demonstrated that retrospective interview-based estimates
PTA of duration among hospitalized individuals with TBI correlate highly with
prospective, GOAT-determined duration of PTA. Among patients whose PTA dura-
tion is longer than 24 h, practical classification of injuries as moderate or severe
may be made according to PTA duration (whether prospectively or retrospectively
determined) of 1-7 days and more than 7 days, respectively.

For the consulting neuropsychiatrist, the usefulness of measured or estimated
PTA duration and PTA-based severity classifications lies in the prognostic utility of
this value: PTA duration (as a continuous variable) is a robust predictor of functional
independence [29, 34] and disability [34] at the end of acute inpatient rehabilitation,
Glasgow Outcome Scale [35] scores at 6 and 12 months post injury [36, 37], long-
term cognitive recovery [38—40], productivity [41], employment [42], and commu-
nity reintegration [43]. As with the GCS, noninjury factors (e.g., sedating medications,
severe communication impairments) must be considered when estimating PTA
duration, particularly among subjects with more severe general physical injuries
and complications. Nonetheless, in our clinical experience time between injury and
emergence from PTA — regardless of the TBI and concurrent factors contributing to
the duration of that period — define usefully the severity of injury and offer valuable
prognostic information that the consulting neuropsychiatrist can use when commu-
nicating with patients and their families as well as other healthcare providers about
the patient’s prognosis and likely posthospital treatment and resource needs.

An important qualifier on ACRM-based TBI severity classification of which the
consulting neuropsychiatrist should be aware is “complicated mild TBI” [32, 33].
This subtype of mild TBI is used to denote individuals who meet ACRM criteria
for mild TBI but whose computed tomography (CT) or magnetic resonance imaging
(MRI) of the brain demonstrates abnormalities consistent with TBI. The impor-
tance of noting this subtype is that the outcome of subjects with complicated mild
TBI more closely resembles that of persons with moderate TBI than those with
uncomplicated (i.e., “simple”) mild TBI; awareness of this issue will allow the
consulting neuropsychiatrist to interpret the patient’s clinical presentation more
accurately and to offer more fully informed education, counseling, and prognostic
information to patients and their families.

Neurobiology of TBI

In addition to understanding the diagnosis and implications of TBI severity, the
consulting neuropsychiatrist needs also to be familiar with the neuroanatomy, neuro-
chemistry, and typical brain—behavior relationships that inform on neuropsychiatric
outcome following TBI.
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The injurious biomechanical effects of TBI consist primarily of two general
types: contact and inertial. Contact injuries refer to those resulting from the pene-
tration of the brain by material (e.g., projectiles, bone fragments) entering the
intracranial space, as well as those injuries produced by movement of the brain
within the intracranial space that results in the brain striking or being abraded by
the inner surface of skull. The movement of the brain against the various ridges and
bony protuberances of the anterior (frontal) and middle (temporal) fossae is espe-
cially injurious to the temporal and frontal poles as well as the ventral anterior,
medial, and lateral temporal and frontal cortices (see Bigler [44] for a review of this
subject). In case of penetrating injuries, tissue displacement/destruction by a pro-
jectile, fragmentation and deposition of bone or a projectile within brain tissue, and
contamination of the intracranial space by potential infectious material on a projec-
tile or the tissues through which it passes may all contribute to brain injury. The
damage sustained in penetrating injuries is relatively focal, involving most brain
tissue in the linear path of the material penetrating the intracranial space. In non-
penetrating and penetrating contact injuries types of injuries, subarachnoid, sub-
dural, and/or epidural hematomas may complicate this type of injury.

Inertial forces include linear translation and rotation, which in combination
produce angular acceleration/deceleration forces. These forces strain, shear, and/or
compress brain tissue [45-50]. Although all these forces are potentially injurious,
strain and shear forces are tolerated particularly poorly by brain tissue and are
major contributors to TBI at all levels of severity. These forces are maximal in brain
areas experiencing high angular acceleration/deceleration forces (superficial > deep
tissues, anterior > posterior regions of the brain); at the junctions between tissues
of different densities and elasticities (i.e., gray—white junctions); and at the intrac-
ranial rotational center of mass (i.e., rostral brainstem). High-speed, long-duration
acceleration/deceleration injuries exert their greatest effect on axonal projections
and small blood vessels within and projecting from the brainstem, on parasagittal
cerebral white matter, on the corpus callosum, and at the superficial cortical gray—
white junctions [51], particularly in the ventral and anterior frontal and temporal
lobes (see Bigler [44] for review). In light of these patterns of neuropathology,
“diffuse axonal injury” (DAI) is probably a misnomer and is more accurately under-
stood as “multifocal,” rather than diffuse, axonal injury [51]. Although inertial
forces may play a role in the pathophysiology of penetrating TBI [52], this type of
TBI tends to be relatively stroke-like with respect to the pattern of tissue involve-
ment (focal vs. multifocal/diffuse), the neuropsychiatric problems it produces, and
long-term functional outcomes.

As reviewed in Povlishock and Katz [53], Bigler [54], and Meythaler et al. [51],
injurious cytotoxic processes are initiated by biomechanical injury; these processes
both add to and also complicate biomechanical injury in TBI. Injury-induced cal-
cium and magnesium dysregulation, free radical formation, and excitatory amino
acid and neurotransmitter disturbances are the principal contributors from this cyto-
toxic cascade to neuronal injury and cell death. Excitatory amino acid excesses
facilitate calcium influx into neurons, resulting in neuronal depolarization, initiation
of oxidative processes, activation of proteolytic enzymes, and eventually injury to or
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destruction of neurons and/or their axonal termini. Excitatory amino acid excesses
also overdrive glucose utilization, and oxidative metabolism, and produce poten-
tially toxic accumulations of lactate. Concurrent excess of acetylcholine also appear
to be excitotoxic and may amplify the destructive effects of excitatory amino acid
excesses and be particularly injurious to brain areas where these neurotransmitters
are densely colocated (i.e., hippocampus, frontal cortices; see Phillips and Reeves
[55], Arciniegas [56], and Arciniegas and Silver [57] for review). The effects, benign
or malignant, of acute cerebral monoaminergic (i.e., dopamine, norepinephrine, and
serotonin) excesses that are part of the cytotoxic cascade remain uncertain. All these
neurotransmitter excesses appear to wane over the first several weeks following TBI
[58, 59], although the exact time course over which these excesses abate is not char-
acterized fully. It is clear, however, that by several weeks post-TBI there is a relative
cholinergic deficit resulting from injury to ventral forebrain cholinergic nuclei and
their cortical projections [56, 57]. It is possible that TBI also results in primary or
secondary disturbances in cerebral monoaminergic, and particularly noradrenergic
and dopaminergic, systems [60], the effects of which may be modified by geneti-
cally mediated variations in catecholamine metabolism. These issues are particularly
important for the consulting neuropsychiatrist, as the types and timings of post-
traumatic neurotransmitter disturbances carry implications for pharmacotherapies
directed at cognitive, emotional, and behavioral problems during the acute rehabili-
tation period and thereafter.

In addition to biomechanical and cytotoxic injury processes, persons with TBI
who require hospitalization often experience other secondary neurological and
systemic problems, whether as a consequence of TBI or as a comorbid process, that
may complicate or exacerbate TBI. Such problems include traumatic intracerebral
hematomas, focal or diffuse cerebral edema, elevated intracranial pressure (ICP),
obstructive hydrocephalus, hypoxic-ischemic injury, intracranial/intracerebral
infection, and subfalcine or transtentorial herniation. These latter problems may be
fatal or, if not fatal, may compromise vascular supply in the areas of brain compres-
sion and thereby superimpose acute ischemic stroke on TBI. Additionally, systemic
medical complications such as volume depletion/blood loss, hypoperfusion, hypo-
thermia or hyperthermia, hypoxia, infection, and related problems may further
complicate TBI. Aggressive treatment directed at these problems during acute care
and, when necessary, in the acute rehabilitation period, therefore is essential.

Brain—Behavior Relationships and TBI

As noted in the prior section of this chapter, TBI disproportionately affects the
anterior and ventral aspects of the frontal and temporal lobes, medial frontal and
temporal areas, ventral forebrain, the diencephalon (thalamus, hypothalamus), the
rostral and ventral areas of the upper brainstem, and the white matter within and
between these areas [44, 53, 54, 61, 62]. Injury to these neuropsychiatrically salient
areas produces typical, but not invariate, patterns of posttraumatic neuropsychiatric
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Table 2 Brain—behavior relationships relevant to understanding the neurobehavioral sequelae of
TBI commonly encountered in the acute rehabilitation setting

Structure injured Neuropsychiatric consequence

Upper brainstem
Reticulothalamic systems Loss or impairment of consciousness caused by
rotational strain/shear on ascending reticular
activating system (ARAS) and 1 ACh

Reticulocortical system Acute and functionally disruptive T GLU, ACh,
DA, NE, 5HT
Ventral forebrain (cholinergic nuclei 1-4) Acute and functionally disruptive T AChChronic
and functionally impairing | ACh
Cerebral white matter Slowed and inefficient information processing
Medial temporal areas
Entrorhinal-hippocampal complex Impaired sensory gating, attention, working
memory, and declarative memory
Amygdala Affective placidity, Kliiver—Bucy-like syndromes
Anterior temporal cortices Impaired sensory-limbic integration (cortical),
declarative memory (uncinate fasciculus)
Ventral (orbital) prefrontal cortices Behavioral dyscontrol (e.g., impulsivity,
disinhibition, irritability, agitation,
aggression)
Medial prefrontal (cingulate) cortex Decreased goal-directed cognition, emotion, and
behavior (apathy)
Inferior (inferolateral) prefrontal cortex Impaired working memory
Dorsolateral prefrontal cortex Impaired executive function, including executive

control of other basic cognitive functions

disturbances in the acute and subacute postinjury periods (Table 2). These patterns
of neuropsychiatric disturbances evolve in the days to weeks following TBI and are
subsumed under the heading of PTE [25].

Posttraumatic Encephalopathy

Posttraumatic encephalopathy (PTE) is characterized by five stages: posttraumatic
coma, posttraumatic delirium, PTA, posttraumatic dysexecutive syndrome, and
recovery (Fig. 1). These stages are named according to the most salient (although
clearly not the only) neurobehavioral feature of the clinical presentation. During
posttraumatic coma, the most salient feature of the patient’s presentation is complete
impairment of arousal. The transition from posttraumatic coma to posttraumatic
delirium is marked by the return of wakefulness (arousal), albeit sometimes in a
fluctuating manner, and marked impairments in selective, sustained, and other aspects
of attention; in the parlance of the American Psychiatric Association’s Diagnostic
and Statistic Manual, Fourth Edition, Text Revised [63], “reduced clarity of aware-
ness of the environment.” Although posttraumatic delirium also entails other distur-
bances in cognition, emotion, and behavior, profound inattention is the most salient
and characteristic feature of this stage of PTE.
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As the patient emerges from this stage, basic selective and sustained attention
improve markedly; as a consequence, the patient’s striking and dense impairment in
declarative new learning becomes the most salient feature of the clinical presenta-
tion, and marks the patient’s transition into PTA. As with posttraumatic delirium,
the period of PTA also entails impairments in other aspects of cognition, especially
executive function and executive control of attention, language, memory, and
praxis. The patient is regarded as “in PTA” until his or her declarative new learning
improves to the point that he or she is able to construct a reasonably continuous
narrative of daily events from that point forward (formal criteria for emergence
from PTA using the GOAT or O-Log are described in the next section of this chap-
ter). The interval between onset of injury and subsequent recovery of declarative
new learning defines the duration of PTA.

Unfortunately, the measured period of PTA duration is sometimes misunder-
stood as suggesting that the entire period measured is first and foremost character-
ized by impaired declarative new learning (i.e., amnesia); this clearly is not the
case. It is important to be clear that although the formally measured duration of
PTA necessarily encompasses posttraumatic coma, posttraumatic delirium, and
(by some accounts) any preinjury period of retrograde amnesia, neither the con-
cept of PTA nor its clinical manifestations are synonymous with posttraumatic
delirium or, more obviously, posttraumatic coma. It is true that declarative new
learning is impaired in these earlier stages of PTE; however, each of these entails
other, and more salient, cognitive impairments. Nonetheless, duration of PTA as
defined and used in the TBI literature is useful for both TBI severity characteriza-
tion as well as a predictor of TBI outcomes and is, in this author’s view, the most
useful of the early stages of PTE to measure assiduously when offering prognoses
to patients, their families, and other rehabilitation clinicians.

Upon emergence from PTA, impairments of executive function are the most
salient feature of the clinical presentation; accordingly, this stage of PTE is referred
to as the posttraumatic dysexecutive syndrome. Common clinical features of this
syndrome include impairments of intrinsic executive function (e.g., abstraction,
problem solving, the ability to generate, shift, and alter cognitive sets independent
of environmental contingencies, judgment, and insight) as well as impaired execu-
tive control of other, more basic, cognitive functions. As illustrated in Fig. 1, some
patients emerge from this stage of PTE into complete cognitive recovery whereas
for others this becomes a chronic posttraumatic neurocognitive disorder.

The impairments that comprise each stage of PTE occur on a continuum clini-
cally and temporally: patients at the transition between stages of PTE may vacillate
for days (or longer) between those stages. Nonetheless, identifying the stage of PTE
that best describes that patient is useful in that it facilitates the development of a
treatment plan which is appropriate to the patient’s current clinical status and also
allows clinicians and the patient’s family members to anticipate the course of
continued recovery. By extension, this approach to PTE also helps clinicians to
identify deviations from the expected course of recovery after TBI and therefore the
need to evaluate the patient for conditions that explain such deviations.
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Neuropsychiatric Evaluation of TBI in the Acute
Rehabilitation Setting

The neuropsychiatric assessment of patients with TBI begins with corroboration of
the diagnosis of TBI and entails characterization of its type and severity in the manner
described in the preceding sections of this chapter. Next, identifying the stage of
PTE using the framework described above is essential. It then is important to
contextualize TBI and PTE by comprehensively assessing the patient’s preinjury
medical, neurological, psychiatric, and substance histories. It is particularly impor-
tant to obtain collateral history on these issues from reliable informants (family,
close friends, employers, etc.) because patients in the midst of PTE are frequently
unable to provide this information themselves. Concurrently, assessment of the
patient’s social history (e.g., level of education, developmental history, legal history,
military experience) and social supports should be obtained. This information often
identifies strengths and limitations in the patient’s personal and social contexts that
may influence long-term outcomes and community reintegration, as well as the
financial resources (or lack thereof) available to support the rehabilitation process.
The assessment then moves from history-taking to examinations, including general
physical, neurological, and neurobehavioral status examinations, as well as review
of neuroimaging and other neurodiagnostic studies.

Bedside Assessment Methods

Standardized assessments appropriate to the phase of PTE in which the patient
presents facilitate accurate diagnosis and guide prognostic and therapeutic formula-
tions. Data derived from these measures may be used to gauge not only the extent
and rate of recovery but also responses to treatment.

Although it is uncommon in the United States for patients to present to rehabili-
tation settings in posttraumatic coma, presentation of patients in this and other
states of impaired arousal and awareness (i.e., with disorders of consciousness) is
not uncommon in other parts of the world. The Coma/Near-Coma Scale [64] is
particularly useful as an assessment of coma severity and recovery.

Upon emergence from posttraumatic coma, patients enter the period of post-
traumatic delirium; at this point, it is very common for patients to be admitted to an
acute inpatient rehabilitation hospital. The Delirium Rating Scale-Revised-98
(DRS-R-98) [65] or the Confusion Assessment Protocol (CAP) [66] are appropriate
and useful measures for the consulting neuropsychiatrist to apply to the evaluation
and monitoring of patients in posttraumatic delirium. The period of posttraumatic
delirium corresponds to levels II-V of the Rancho Los Amigos Scale (RLAS) [67].
This scale and the descriptors of these lower levels of recovery after TBI are used
frequently by rehabilitation physicians and therapists; the consulting neuropsychiatrist
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will be well served to be familiar with this scale to ensure proper interdisciplinary
communication when discussing patients in posttraumatic delirium.

Consistent with the description of RLAS levels II-V, posttraumatic delirium
generally begins as a state of impaired arousal and profound inattention (RLAS
level II). As arousal improves, inattention and behavioral disturbances (agitation)
become prominent features of the clinical presentation (RLAS levels III-1V).
As agitation remits and attentional disturbances become less problematic (RLAS
level V), patients transition into a state in which impaired declarative new learning
is the most salient clinical problem, or PTA. Identifying the point of transition
between these states may be facilitated by the use of appropriate cutoff scores from
delirium on the DRS-R-98 or the CAP and continued impairment on measures of
PTA such as the O-Log or the GOAT [26].

With this in mind, it is useful to begin the assessment of PTA using the O-Log
or the GOAT early during the course of posttraumatic delirium. Assessment using
the O-Log of the GOAT continues until the patient meets criteria for emergence
from PTA (on two consecutive days, O-Log scores =25 or GOAT scores >76).
Although the validity of assessing orientation and memory function in the severely
delirious patient is dubious, early and daily assessment with these measures ensures
that the end of PTA will be captured accurately; as noted earlier, and as demon-
strated by our own work [29], duration of PTA offers short- and long-term prognostic
information that is useful to clinicians and also to patients and their families.

Neuropsychiatric assessment is most often undertaken when patients are in
posttraumatic delirium or PTA. Our service, which provides Behavioral Neurology
and Neuropsychiatry consultations on an acute inpatient neurorehabilitation unit,
integrates neurological and neuropsychiatric assessments to offer diagnostic and
treatment recommendations as well as guidance on rehabilitation prognosis and the
types of support and caregiving resources that are likely to be needed during these
periods of PTE as well as during and after subsequent rehabilitation care. In addi-
tion to elementary neurological and general mental status examinations, our
consultations include detailed examination for subtle neurological signs (SNS)
and a thorough bedside cognitive examination.

The assessment for SNS focuses on paratonia (mitgehen and/or gegenhalten)
and also several primitive reflexes (also known as “frontal release signs”): gla-
bellar response, snout response, suck reflex, palmomental response (left and right),
grasp response (left and right), and rooting response. These simple additions to
the neurological examination, from which we have developed a preliminary metric
referred to as the SNS score [68], yield important information regarding neurobehav-
ioral status and rehabilitation outcome: SNS score predicts raw and Z-transformed
mini-mental state examination (MMSE) and frontal assessment battery (FAB)
scores (all P<0.003), FIM scores at consultation (all P<0.04), and rehabilitation
discharge (all P<0.03), and RLOS (P<0.0002). Accordingly, inclusion of these
items in the neuropsychiatric assessment of persons with TBI during the acute
rehabilitation period is recommended.

The bedside cognitive examination used on our service includes, among other
items, the MMSE [69] and FAB [70]. Because performance on these measures is
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influenced strongly by the effects of age and education, our interpretation of a
patient’s performance on them is normatively adjusted (for the MMSE, we use
norms developed by Crum et al. [71], and for the FAB we use norms developed by
Appollonio et al. [72]). After Z-transforming these data, the MMSE and, particu-
larly, the FAB predict functional status and rehabilitation length of stay [73]. While
other measures such as the Neurobehavioural Rating Scale — Revised [74, 75] may
also be useful, the combination of the MMSE and FAB is time efficient and unlikely
to overlap substantially with the assessments performed by neuropsychologists and
rehabilitation therapists concurrently assessing these patients. For these reasons, this
brief bedside battery of cognitive assessments is used in our clinical practice.

After patients emerge from PTA, neuropsychiatric assessment is most usefully
directed toward disturbances in frontally mediated cognition, emotion, and behavior;
in other words, at the posttraumatic dysexecutive syndrome. As noted previously,
we have found the FAB particularly valuable for the evaluation of the cognitive
components of this syndrome [73] but have employed other measures such as the
Executive Interview (EXIT) [76] and the Behavioral Dyscontrol Scale (BDS)
[77, 78] as well.

Assessment of other neuropsychiatric disturbances such as depression, mania,
pathological laughing and crying, anxiety disorders, psychosis, and nondelirium-
related impulse control problems and aggression also require neuropsychiatric
assessment and treatment during PTE — and may require more specific assess-
ment during PTA and posttraumatic dysexecutive syndrome in light of the fact that
emotional and behavioral disturbances that occur during these stages of PTE cannot
be dismissed as features of posttraumatic delirium. The Neurobehavioural Rating
Scale — Revised [74, 75] is particularly well suited to the identification of such
problems among patients able to participate in direct interview and examination.
Among patients too impaired (neurologically or neuropsychiatrically) to engage
effectively in interview and examination, assessment of posttraumatic emotional
andbehavioral disturbances may be performed productively by using theNeuropsychiatric
Inventory (NPI) [79] as a guide to interviews of nursing and rehabilitation staff
familiar with the patient. Our group at HealthONE Spalding Rehabilitation Hospital
in Aurora, Colorado, is presently engaged in the development of an assessment
instrument modeled after the NPI and adapted specifically for the assessment of
persons with TBI in the acute neurorehabilitation setting; we expect to publish find-
ings pertaining to this project in the near future.

Neurodiagnostic Methods

There is considerable debate regarding the timing of formal neuropsychological
testing after TBI [80]. This debate generally centers around the validity of testing
before the resolution of PTA and the potential bias of premature testing (due to test
exposure) on later assessments. Recent studies [80, 81] suggest that a brief battery
composed of the GOAT, California Verbal Learning Test-II, Trail Making Test,
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Symbol Digit Modalities Test, grooved pegboard, phonemic and categorical word
generation tasks, Wechsler Test of Adult Reading, and Wisconsin Card Sorting
Test-64 may be a useful and practical brief neuropsychological assessment battery
in the inpatient neurorehabilitation setting. Additionally, this battery — and, more
specifically, its Weschler Test of Adult Reading and Trail Making Test-Part B
components — are significant predictors of 1-year outcome after TBI as measured
by the Disability Rating Scale, Supervision Rating Scale, and Glasgow Outcome
Scale-Extended [81]. When it is feasible to obtain neuropsychological testing of
this type in the acute neurorehabilitation setting, it is advisable to do so as a comple-
ment to other data obtained during the neuropsychiatric assessment.

Structural neuroimaging is an integral component of the neuropsychiatric assess-
ment of patients receiving acute neurorehabilitation after TBI. In many (perhaps
most) cases, CT of the brain will be performed in the acute care setting; unfortunately,
CT is sensitive to gross abnormalities (i.e., skull fracture, acute hemorrhage or hem-
orrhagic contusion, severe DAI) but its value is generally limited to cases in which
very severe injuries were sustained. MRI of the brain is frequently more useful as a
neuroimaging guide to the severity of TBI; as a tool with which to determine the cor-
respondence between bedside examination-identified neurological/neuropsychiatric
problems and neuroimaging abnormalities; and as a guide to prognosis and treatment
planning. For example, ventral prefrontal cortical and white matter injury is a rela-
tively common consequence of severe TBI (see Table 2) and frequently is associated
with impulsive, disinhibited, and/or aggressive behavior. MR evidence of overtly
destructive damage (i.e., traumatic ablation) to these structures influences the selec-
tion of pharmacologic agents directed at these behaviors: selective serotonin reuptake
inhibitors, anticonvulsants, or atypical antipsychotics suppressing brain (limbic) areas
driving these behaviors is likely to be more useful than are agents (e.g., stimulants or
cholinesterase inhibitors) intended to augment the function of the ventral prefrontal-
subcortical circuit. Accordingly, we recommend obtaining (or reviewing one previ-
ously obtained) an MRI of the brain in all neurorehabilitation inpatients receiving
neuropsychiatric assessment after TBI. When MRI is performed, T, fluid-attenuated
inversion recovery (FLAIR), T,* gradient echo, susceptibility-weighted, and diffu-
sion-weighted sequences are the most useful sequences to obtain [82].

Electroencephalography (EEG), including evoked potentials, event-related
potentials, and quantitative EEG (QEEG), does not usually contribute usefully to the
neuropsychiatric assessment of patients undergoing acute neurorehabilitation after
TBI [83]. When clinical history suggests the possibility of seizures (particularly
complex partial seizures with post-ictal confusion or behavioral disturbances), then
it is appropriate to obtain EEG to identify potentially epileptiform abnormalities.
However, it is important to remain mindful that interictal EEG is relatively insensi-
tive to epileptiform abnormalities and that the decision to treat patients for post-
traumatic seizures rests on the event semiology and not on the presence or absence
of electroencephalographic abnormalities.

The literature guiding the selection of laboratory assessments relevant to the neurop-
sychiatric assessment in the acute neurorehabilitation setting is underdeveloped.
It is reasonable and appropriate to review and/or obtain laboratory data (including
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serum and urine studies) that may inform on contributors to, or alternate explana-
tions for, delirium and cognitive impairments experienced by persons with TBI.
Recent reviews suggest that neuroendocrine disturbances are common and under-
diagnosed in this population [84]; other than assessment of thyroid-stimulating
hormone and thyroid hormone levels, however, the optimal methods for assessing
and treating other posttraumatic neuroendocrine disturbances remains uncertain.

Review of Concurrently Prescribed Treatments

An essential component of the neuropsychiatric assessment of persons with TBI
receiving acute neurorehabilitation services is a review of pharmacologic treat-
ments that may be causing or contributing to neurological and neuropsychiatric
problems identified during that assessment.

Treatment with anticonvulsant medications is common in this population, but
this requires careful consideration with respect to both benefits and adverse effects
on posttraumatic neurological and neuropsychiatric status. Persons with TBI are at
risk for the development of posttraumatic seizures [85], and these are generally
divided into two types according to the timing of their onset post injury: early
(within 1 week of injury) and late (after the first week post injury). Administration
of anticonvulsant medications (so-called seizure prophylaxis) during the first week
after TBI decreases the incidence of early posttraumatic seizures [86], although this
does not appear to reduce mortality, long-term neurological disability, or the risk of
late posttraumatic seizures [86]. More important in the acute rehabilitation setting
is the now well-established finding that prophylactic administration of anticonvul-
sants after the first week post-TBI does not prevent the development of late post-
traumatic seizures, reduce short- or long-term neurological disability, or influence
post-TBI mortality [86]. Additionally, many of these agents — particularly phenytoin
[87, 88] and carbamazepine [88] — worsen cognitive and motor function in this
population. Despite its increasingly common use as an alternate “seizure prophylactic”
in this setting [89, 90], levetiracetam has not been shown to be effective for the
prophylaxis of either early or late posttraumatic seizures and is known to produce
agitation and other neurobehavioral disturbances (“psychiatric adverse events”)
[91, 92]. Valproate is less problematic with respect to its effects on cognition after
TBI [93]; accordingly, when prophylaxis against early posttraumatic seizures is
undertaken or if an anticonvulsant is used for behavior- or mood-stabilizing
purposes, valproate is preferable to phenytoin, carbamazepine, and levetiracetam
for this purpose. However, continued use of any of these or other anticonvulsants
as prophylaxis against new-onset seizures after the first week post injury (i.e., late
posttraumatic seizures) is discouraged [94].

A variety of similarly problematic medications are administered commonly to
persons with TBI during the acute hospital and inpatient neurorehabilitation phases
of care. Antagonists of type-2 dopamine (D2) receptors and/or benzodiazepines are
used in many settings as treatments for posttraumatic delirium (particularly agitation
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and aggression) [95] and as agents with which to improve compliance with mechanical
ventilation [96]. Agents that attenuate noradrenergic function, including clonidine,
propranolol, and other antihypertensives, are commonly used for medical and/or
behavioral purposes as well. However, dopaminergic and noradrenergic antagonists
delay neuronal recovery and impair neuronal plasticity [97-103]. Among persons
with TBI, typical antipsychotics exacerbate cognitive impairments [104] and prolong
the period of PTA [105]. Benzodiazepines are well known to impair memory and
other aspects of cognition [106] in healthy adults and among persons with TBI [107].
In light of these findings, use of agents with potent antidopaminergic, antinoradren-
ergic, and/or GABA-ergic properties is best avoided during the neurorehabilitative
care of persons with TBI. When evaluating neuropsychiatrically patients receiving
these agents, considering their potential effects on neurological and cognitive func-
tion before making definitive diagnostic or prognostic statements is prudent.

With respect to the effects of other agents on posttraumatic neuropsychiatric func-
tion, medications possessing potent in vivo anticholinergic properties are of concern as
well. These medications are commonly prescribed for posttraumatic dizziness and
urinary incontinence. Antidepressants with potent anticholinergic properties (e.g.,
tricyclic and tetracyclic antidepressants and also paroxetine [108]) are often prescribed
by rehabilitation physicians for pain, headaches, and emotional disturbances. However,
TBI produces acute and chronic disturbances of cerebral cholinergic function [56], and
cholinergic deficits become prominent and functionally significant in many patients
over the first several weeks after TBI. As a result of these deficits, patients with TBI
are vulnerable to the adverse cognitive and behavioral effects of agents with anti-
cholinergic properties. In general, prescription of agents with potent anticholinergic
properties for persons with TBI should be avoided whenever possible.

Finally, pain and spasticity are common problems among persons with TBI,
most often as a result of injury to the head or other orthopedic or soft tissue injuries
that are sustained concurrently with TBI. Among the agents used for these prob-
lems, opiate analgesics are particularly likely to adversely affect cognitive and
neuropsychiatric function. At typical analgesic doses, these agents produce impair-
ments in memory among persons without TBI of severities comparable to those
encountered among persons in PTA [109]. These agents may exacerbate, prolong,
or mimic posttraumatic coma, posttraumatic delirium, PTA, and the posttraumatic
dysexecutive syndrome. Using the minimum necessary dose of any of these agents
for as brief a time as is feasible clinically, or, better, avoiding or eliminating these
whenever possible, is recommended.

Conclusion

TBI is a significant public health problem that produces substantial neurological
and neuropsychiatric morbidity. The biomechanical and cytotoxic processes incited
by TBI produce a predictable injury profile that involves anterior, and predominantly
ventral, frontal, and temporal cortex, frontal subcortical white matter, and midbrain



Neuropsychiatric Assessment of Traumatic Brain Injury During Acute Neurorehabilitation 141

areas. Damage to these structures explains, in large part, the anatomic contributions
to the neurobehavioral sequelae of TBI, including alterations of arousal, attention,
processing speed, memory, functional communication, executive function, emotional
regulation, and behavior.

As discussed in this chapter, the period of neuropsychiatric disturbance that imme-
diately follows TBI is understood usefully as posttraumatic encephalopathy (PTE), a
condition with several stages through which patients proceed during recovery from
TBI. These stages include, in typical sequence, posttraumatic coma, posttraumatic
delirium, posttraumatic amnesia (PTA), posttraumatic dysexecutive syndrome, and full
recovery. Among these, duration of PTA is particularly useful to measure accurately:
duration of PTA is strongly predictive of short- and long-term neurorehabilitation
outcomes. Additionally, data developed on our neuropsychiatric consultation service
suggest that several elements of the neuropsychiatric assessment, including the number
of SNS (paratonia, primitive reflexes) and also a brief bedside neurobehavioral status
examination (normatively interpreted MMSE and FAB), yield data that allow neurop-
sychiatrists to assess functional status, functional prognosis, and rehabilitation lengths
of stay among persons with TBI receiving inpatient neurorehabilitative care.

Treatment approaches based on data yielded by the neuropsychiatric assessment
vary widely among institutions, both nationally and internationally. These treatment
issues are beyond the scope of this chapter but are well described elsewhere [57,
110-117]. Independent of specific treatment recommendations, the principles of
neuropsychiatric assessment of TBI in the neurorehabilitation setting described in this
chapter apply broadly. Well informed and equipped with this information, neuropsy-
chiatrists will contribute importantly and effectively to multidisciplinary teams work-
ing to improve the neuropsychiatric and functional outcomes of persons with TBIL.
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