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Preface

The occurrence—and varied manifestations—of traumatic brain injury
(TBD has garnered a great deal of attention in recent years. From sports
concussion to severe injuries resulting from motor vehicle collisions or
falls to brain injury in the military, issues facing providers caring for
those with TBI are wide-ranging and complex. The Manual of Traumatic
Brain Injury Management has been developed to address the varied
needs of clinicians who work with individuals who have sustained a
traumatic brain injury. What makes this book unique is that, as a pocket
guide, it is designed to provide relevant clinical information in a succinct,
readily accessible format. For readers who wish to understand a particu-
lar subject in more depth, each chapter concludes with a short list of
web-based resources, seminal journal articles, and pertinent textbooks
for further exploration.

This book is organized into six parts. Part 1 provides an introduction
to core concepts in TBI. Part 2 addresses the epidemiology of TBI as well
as injury prevention. Part 3 covers the spectrum of issues pertaining to
mild traumatic brain injury (MTBI), including sports concussion, long
term sequelae of MTBI, post-concussion disorder, and the co-occurrence
of MTBI and post-traumatic stress disorder. Part 4 focuses on moderate
to severe TBI, including the spectrum of acute care issues, from pre-
hospital care to neurosurgical and intensive care unit management to the
transition to the next level of care (e.g., inpatient rehabilitation) and the
role of members of the rehabilitation team in caring for those with TBI.
Management of the cognitive, behavioral and affective manifestations of
TBI is addressed, as is prognosis after TBI and community reintegration.
Part 5 discusses TBI-related medical complications, such as postraumatic
seizures, endocrine dysfunction, and spasticity. Finally, Part 6 addresses
special considerations in TBI management, including TBI in the mili-
tary, pediatric TBI and TBI in the older adult, use of complementary
and alternative medicine modalities in TBI, and recommended additional
resources for TBI survivors and their providers. The final chapter offers a
unique perspective: living with TBI from a survivor’s point of view.

This manual is intended to be relevant to a broad audience, including
neurologists, physiatrists, primary care physicians, and physicians-in-
training, who will find the practical, medical management focus to be
easy to access and implement. Other healthcare providers, from thera-
pists and nurses to social workers and case managers, will find the suc-
cinct discussion of various aspects of multidisciplinary care, community
resource information, neuropsychiatric, legal and ethical aspects of TBI
care to be particularly valuable.



xii Preface

It is my hope that the Manual of Traumatic Brain Injury Management
will serve as a concise, easy-to-access resource that provides readers with
“just enough” information to suit their particular needs. For the user who
desires quick access to core concepts, the text will serve as a compre-
hensive stand-alone resource. If more in-depth understanding of a topic
is desired, the “Additional Reading” section at the end of each chapter
will provide pointed expert recommendations for further exploration.
Ultimately, this pocket guide can serve as both a self-contained resource
and as a portal to a comprehensive exploration of the many facets of
management of traumatic brain injury.

Felise S. Zollman, MD
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Traumatic Brain Injury
Definitions and Nomenclature

Kristine O’Phelan

Traumatic brain injury (TBI) has a broad spectrum of severity, pathology,
physiology, and sequela. This chapter will present pertinent definitions,
nomenclature, and concepts relevant to the discussion of TBI.

PRIMARY VERSUS SECONDARY INJURY

The distinction is somewhat arbitrary and the specific combination and
magnitude of secondary injury is to a great extent determined by the
nature of the primary injury.

® Primary injury—the physiological or anatomical insult, often but
not exclusively the result of direct trauma to head. The primary injury
may be associated with structural changes resulting from mechanical
forces initially applied during injury. These forces may cause tissue
distortion, shearing, and vascular injury as well as destabilization of
cell membranes and frank membrane destruction.

m Secondary injury—systemic or local changes, which increase tis-
sue damage. Many secondary insults result directly from the primary
injury and some are caused by discreet systemic or local phenom-
ena. Secondary injury mechanisms include generation of free radi-
cals, excitotoxicity, disturbance of ionic homeostasis, disruption of
the blood-brain barrier, generation of nitric oxide, lipid peroxidation,
mitochondrial dysfunction and energy failure, inflammation, second-
ary hemorrhage, axonal disruption, apoptotic cell death, and ischemia.
Ischemia may be due to microvascular changes, or systemic hypoten-
sion or hypoxia or elevated intracranial pressure.

CLASSIFICATION OF TBI BY MECHANISM

m Closed/blunt force—injury caused by direct force to head, accelera-
tion/deceleration, or rotational forces. Common causes include falls,
assault, and motor vehicle collisions.
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Blast injury—injury caused by overpressure waves generated from
high grade explosives. A large amount of thermal, mechanical, and
electromagnetic energy is transferred to the brain. Energy can come
directly through the cranium or be transmitted indirectly through
oscillating pressures in fluid-filled large blood vessels. This may cause
damage to the blood-brain barrier or gray-white matter junction,
and can cause cerebral edema, axonal injury, apoptosis, and tissue
degeneration.

Penetrating injury—injury induced by an object that penetrates the
cranial vault. Common causes include gunshot wounds, shrapnel, and
knife wounds.

CLINICAL CLASSIFICATION OF TBI

It incorporates the Glasgow Coma Scale (GCS) [1] (Table 1.1). Clinical clas-
sification is important because it often guides treatment decisions.

Mild TBI (MTBI)—GCS 13 to 15, the majority of patients with cranial
trauma fall in this group. Patients are awake, may be confused but can
communicate and follow commands.

Moderate TBI—GCS 9 to 12, these patients are generally drowsy to
obtunded but not comatose. They can open their eyes and localize
painful stimuli. They are at high risk of clinical deterioration and must
be monitored carefully.

Severe TBI—GCS 3 to 8, these patients are comatose, they do not fol-
low commands and may exhibit decerebrate or decorticate posturing.
They have significant structural and metabolic brain dysfunction and
are at high risk of secondary brain injury and deterioration.

STRUCTURALLY BASED DESCRIPTIONS OF TBI

Epidural hematoma (EDH) (Figure 1.1)—an extradural collection of
blood. It is often associated with a skull fracture and has an arterial

Table 1.1 Glasgow Coma Scale

Eye Opening Best Verbal Response Best Motor Response

Spontaneous 4 Oriented 5 Obeys commands 6
To speech 3 Confused conversation 4 Localizes pain 5
To pain 2 Inappropriate words 3 Withdrawal 4
None 1 Incomprehensible Abnormal flexion
sounds 2 (decorticate) 3
None 1 Extension (decerebrate) 2

None 1
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origin. Margins of the hematoma do not cross the skull suture lines
and often appear convex on imaging studies. If an EDH is evacuated
in a timely fashion to reverse mass effect or if the hematoma is small
in size, patient outcomes are usually good.

= Subdural hematoma (SDH) (Figure 1.2)—a collection of blood in
the subdural space. SDHs may be chronic or acute and are caused by
venous bleeding from cortical bridging veins. Bleeding may extend
over the entire hemisphere. Acute SDHs are significantly associated
with seizures. Acute SDHs are also associated with significant alteration

Figure 1.1 Epidural hematoma.

Figure 1.2 Subdural hematoma.
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of cerebral blood flow and metabolism of the underlying hemisphere
and generally have a worse outcome than EDHs.

= Traumatic axonal injury (TAI, also referred to as diffuse axonal
injury, or DAI)—injury to axonal connections triggered by inertial
forces, predominantly acceleration-deceleration, with subsequent
structural and metabolic consequences of mechanical deformation.

m Traumatic subarachnoid hemorrhage (TSAH or SAH) (Figure 1.3)—
hemorrhage in the subarachnoid space that is not associated with
significant mass effect. It often accompanies other types of traumatic
hemorrhage. The presence of TSAH has been associated with an
increased risk of an unfavorable 6-month outcome in patients with
moderate to severe TBI [2].

= Intraventricular hemorrhage (IVH)—bleeding into the ventricular
system after trauma. It may be associated with acute hydrocephalous
and is a risk factor for development of delayed hydrocephalous. IVH
is typically seen in conjunction with TSAH.

= Contusion (Figure 1.4)—parenchymal hemorrhage, typically in fron-
tal or temporal lobes. Contusions may be “coup” or “contre coup.”

m Coup injury—results from direct transmission of force to brain
tissue underlying the region of impact.

® Contre coup injury—results from the indirect forces acting in a
region contralateral to the region of impact.

= Skull fractures—Skull fractures may occur after trauma because of
blunt or penetrating injury. They may involve the convexity or the
skull base and may be open or closed depending on the presence of an
overlying scalp laceration. Large depressed skull fractures may need to
be surgically elevated. Depressed skull fractures are associated with
an increased risk of seizures [3].

Figure 1.3 Traumatic subarachnoid hemorrhage.
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Figure 1.4 Cerebral contusion.

Table 1.2 AAN Practice Parameter Grading System for Concussion

Grade 1

Transient Confusion; no loss of consciousness; symptoms resolve in
<15 minutes

Grade 2

Transient confusion; no loss of consciousness; concussion symptoms
last >15 minutes

Grade 3

Any loss of consciousness either brief (seconds) or prolonged
(minutes)

From Ref. [4].

CONCUSSION

It is altered mental state occurring after trauma, which may or may
not include loss of consciousness. Symptoms reflect a functional distur-
bance rather than structural injury. The American Academy of Neurology
(AAN) concussion grading scale [4] (Table 1.2) has been widely used to
describe the severity of concussion.

POSTTRAUMATIC AMNESIA

Posttraumatic amnesia (PTA) is the impaired recall of events surround-
ing the injury. Retrograde PTA involves impaired recollection of events
immediately preceding the injury and anterograde PTA is a deficit in
forming new memories after the injury [5].
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Table 1.3 Symptoms of Postconcussive Disorder

Depression, dizziness, drowsiness

Excess sleep Fatigue Feel “in a fog”

Feel “slowed down,” headache irritability

Memory problems, nausea, nervousness
Numbness/tingling, poor balance, poor concentration
Ringing in ears, sadness, sensitivity to light
Sensitivity to noise, trouble falling asleep, vomiting

From Ref. [5].

POSTCONCUSSION DISORDER

Also known as postconcussion syndrome, this term refers to postconcus-
sive symptoms that persist for 3 or more months post injury. Symptoms
are quite variable and are not unique to this diagnosis [6].

SECOND IMPACT SYNDROME

A second MTBI occurring while an individual remains symptomatic from
the first MTBI may cause the “second impact syndrome.” This rare phe-
nomenon involves acute cerebrovascular congestion and loss of cerebro-
vascular autoregulation resulting in malignant brain swelling, which is
life threatening [7].

RECOVERY AND SEQUELAE

m Diaschisis—dysfunction in an area of brain that is remote from an
area with structural damage but is connected to the damaged area via
neuronal pathways.

= Neuroprotection—therapies or management strategies that prevent
or limit secondary injury leading to improved survival of neurons,
microglia, or the supporting microvasculature.

m Neuroplasticity—changes in brain structure (neuronal and glial con-
nectivity) and function due to experience. This is a major mechanism
for recovery of function after traumatic injury.

m Gliosis—formation of a dense network of glial cells in areas of brain
injury that do not contribute to functional recovery. This can occur
after trauma, stroke, or demyelination.

= Atrophy—Iloss of neurons and glia and their connections. This can occur
after TBI and is usually related to the severity of the initial injury.
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Essential Concepts in
Traumatic Brain Injury
Neuropathology

Primary Injury, Secondary Injury,
and Neuroplasticity

Michelle C. LaPlaca and Hillary R. Irons

GENERAL PRINCIPLES

Traumatic brain injury (TBI) occurs as a continuum of events, from the pri-
mary injury to secondary consequences (or secondary injury), to repair.

» Primary injury/insult: immediate (milliseconds to seconds) result of
the associated traumatic event

» Secondary injury: (seconds to minutes to weeks) the cascade of changing
events on a cellular, tissue (micro), and systemic (macro) level, which result
in additional morbidity and mortality following the primary injury

» Plasticity: the brain’s ability to reorganize itself by forming new neural
connections during development and after injury or disease (weeks
to years)

BIOMECHANICS AND PRIMARY INJURY

Traumatic insults: motor vehicle accidents, falls, blows to the head, and
so on. Head can hit surface or object can hit head. Brain injury is initiated
when the insult is severe enough to cause high tissue strain, which leads
to either micro- or macrodamage [1].

Role of bead acceleration (velocity/time) and impact force (load):
Higher acceleration = more injury. Angular acceleration is worse than
linear. Higher force = more injury.

Suprathreshold force strains or damages tissue: Strain can be tensile
(stretch), compression, and/or shear (Note: brain is especially vulnerable
to shear strain).

10
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More force + softer tissue = more strain: for example, for the same force,
soft neural tissue deforms more than skull. As a result, the brain can be
more damaged than exterior body surface/skull.

Primary insults are heterogeneous and depend on the following:

m Mechanics of the occurrence (i.e., multiple insults (polytrauma),
level of force, distribution of force, tissue properties, and duration of
the insult)

= State of the individual (i.e., age, weight, genetic makeup, underly-
ing health conditions, nutritional status, medications, and substance
abuse)

Primary insults include structural failure of the tissue surround-
ing the brain (e.g., muscle and other soft connective tissue injury,
osseous fractures from simple to shatter to penetrating), of vascular
structures (resulting in bleeding), and of the brain itself. Structural
failure of the brain includes microtears, macrotears, compression,
tension, and/or shearing within and between brain regions. Insults to
the neural tissue may manifest in neuronal damage, axonal stretching
and tearing, interruption in normal neuronal synaptic transmission,
and glial damage.

SECONDARY INJURY

Injury mechanisms for TBI pathologies are poorly understood because
of the following:

® Heterogeneous conditions of injury and individual response
®» Complexity of interactions among cellular signaling pathways
m Constantly changing cellular activities and systemic adaptations

Cellular responses can broadly be classified as: hyperactivity and
bypoactivity.

Overall response is the sum of cellular responses and organic, systemic-
level responses.

Hyperactivity During Secondary Injury

= Disruption of ion homeostasis (Ca?*/Na* influx) [2]

= Excitatory amino acid release (e.g., glutamate); overactivation of gluta-
mate receptors (ionotropic, metabotropic) [3]

® Hyperexcitability, electrophysiological dysfunction [4]

®» Hypermetabolism—increased use of ATPase membrane pumps, mito-
chondrial overload, an increase in CO, (hypercapnia), H" [5]
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m Acute inflammatory response (release of histamines, arachidonic acid,
bradykinin, and nitric oxide), activation of astrocytes, microglia, and
macrophages (increase in proinflammatory cytokines) [6]

m Increase in hydroxyl radicals, leading to more reactive oxygen
species (ROS; e.g., superoxide ions, hydrogen peroxide, and more
hydroxyls), causing lipid peroxidation and compounding degradative
processes [7]

® Aberrant cell signaling (abnormal activation of G-proteins, second
messengers, ion channels, kinases, faulty gene and protein regula-
tion) [8]

= Activation of enzymes that damage proteins such as cytoskeletal struc-
tures (e.g., calpain, caspase), lipases (e.g., phospholipase A,) that dam-
age membranes, and endonucleases that damage nucleic acids [9]

Hypoactivity During Secondary Injury

® Reduced excitability, loss of normal synaptic transmission

®» Diminished glucose substrates and oxygen, leading to reduced cellular
respiration and less ATP production, acidosis [10]

® Loss of blood vessel wall permeability and blood-brain barrier (BBB)
disruption [11,12]

m Cytoskeletal damage affecting axonal transport, second messenger
pathways [13]

®m Myelin degradation, white matter/axonal damage (axons, oligoden-
drocytes) [14]

m Membrane damage reduces ability to restore selective membrane
transport and stability of the plasma membrane phospholipids [15]

m Aberrant cell signaling [8]

m Altered gene expression [16]

® The aforementioned events are coupled to the corresponding physi-
ological factors such as a metabolic state, reduction in efficient perfu-
sion and therefore low oxygenation, possible anemia, and poor fluid
balance among the intravascular, interstitial, and intracellular spaces.

Hyper- and Hypoactivity Often Lead to Cellular
Dysfunction and Eventual Cell Death

m Apoptosis: unscheduled “programmed” cell death; portions of cell
death pathways are activated by the insult [17]

m Necrosis: traditionally distinct from apoptosis; likely one of many
death pathways or features are end-stage; enzymatically driven; exac-
erbated by inflammation

m Autophagy: self destruction through phagocytic processes [18]
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Cerebral Edema and the Monro-Kellie
Hypothesis: Osmolality Rules!

® The cranium maintains a balance of brain volume (1400 mL), cerebro-
spinal fluid (CSF, 150 mL), and blood (150 mL).

® Brain edema can occur when osmolality changes, resulting in excess
volume in any of these compartments.

m The body tries to maintain a constant osmolality; that is the primary
cause of fluid movement from one compartment to another.

m Underlying causes are increased intravascular hydrostatic pressure
(vasogenic edema), increased interstitial fluid pressure due to blood
pressure and protein leakage or abnormal oncotic pressures (intersti-
tial edema), and cellular swelling due to ionic imbalance and osmosis
(cytotoxic edema).

Mitigating Secondary Injury

m Systems management of normotension and adequate oxygenation
[19,20] may mitigate underlying cellular responses [21] (see Additional
Reading).

NEUROPLASTICITY: REPAIR AND REGENERATION

Plasticity (the ability to produce and maintain change) is key to repair
and regeneration.

m Taking advantage of the limited window of opportunity (up to sev-
eral months in duration) requires neuroprotection and upregulation
of repair molecules, to working with the endogenous repair capacity
of the brain and the inhibitory environment.

m Agents to promote endogenous regeneration include trophic factors
[22] and signaling targets such as MAPK and Rho-family GTPases [23].

THE FUTURE: SYSTEMIC STABILIZATION,
NEUROPROTECTION, NEURORESTORATION/REPAIR

» Stabilization is the focus of clinical management and is critical to suc-
cess of subsequent therapy and outcome.

» Underlying biochemical and molecular events should be considered in
treatment of an otherwise physiologically stabilized patient. New diag-
nosis and monitoring tools (e.g., diffusion tensor imaging, biomarkers)
may assist in assessing secondary injury.

m Protection (acute and subacute phase) versus regeneration (chronic
phase): Current efforts focus on neuroprotection (e.g., progesterone,
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antioxidants) [24,25]; regeneration and other pharmacological inter-
ventions may hold promise for the future [26].

ADDITIONAL READING

Electronic Reference
Review of TBI pathophysiology: http://faculty.neuroscience.ucla.edu/institution/
publication-download?publication_id=144613

Textbook/Chapter

Neurotrauma: New Insights into Pathology and Treatment Edited by: John T.
Weber and Andrew L.R. Maas (2007) Progress in Brain Research, Vol. 161
Elsevier B.V ISBN: 9780444530172. Proceedings from the 2006 International
& National (US) Societies of Neurotrauma, Roderdam, The Netherlands.

Journal Articles

Beauchamp K, Mutlak H, Smith WR, Shohami E, Stahel PF. Pharmacology of trau-
matic brain injury: where is the “golden bullet”? Mol Med. 2008;14:731-740.

Park E, Bell JD, Baker AJ. Traumatic brain injury: can the consequences be
stopped? CMAJ. 2008;178:1163-1170.

Veenith T, Goon S, Burnstein RM. Molecular mechanisms of traumatic brain
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opment of neuroprotective treatment strategies. NeuroRx. 2004;1:5-16.
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Characterization of
Traumatic Brain Injury
Severity

Lisa A. Lombard

ISSUES IN CHARACTERIZATION OF TBI

® No universally accepted classification system for all stages of traumatic
brain injury (TBI)

m Heterogeneity of characterization scales results in difficulty in inter-
pretation and comparison of research studies and in prognostication
for individual patients

= Challenges to the creation of a scale includes difficulty in capturing the
wide range of severity of persons with TBI (from concussion to comatose),
confounding factors on admission (intoxication, shock, etc.), other physical
injuries that may limit function, and potential language deficits that may
give inaccurate representation of orientation and command following

CHARACTERIZATION OF INJURY
Glasgow Coma Scale (See Table 1.1)

m Introduced by Teasdale and Jennett [1]; the most commonly used
assessment for acute TBI

m Assessment of three domains of eye opening, motor response, and
verbal response

m Glasgow Coma Scale (GCS) 3 to 8 is defined to be severe TBI, 9-12
moderate, and 13 to 15 mild

m Limitations:

= Unable to assess when administered after neuromuscular blockade,
and verbal score cannot be obtained when the patient is intubated
and is thus recorded as a 1T; this has led to outcome data where
those with GCS 4 have a better outcome than with a GCS 3 [2].
These factors may lead to overestimation of brain injury severity
and inability to acknowledge worsening neurologic deficit.

16
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®» Many different providers may record the GCS in a trauma patient;

studies cite inaccuracies in inter-rater reliability more than one-
thirds of the time [3].

m As a single factor alone, the GCS has been shown to be only a modest
predictor of rehabilitation outcome [4].

Rancho Los Amigos Levels of Cognitive
Functioning (Table 3.1)

m Also known as the Levels of Cognitive Functioning Scale (LCFS), it
was first outlined in 1972; it describes cognitive functioning after TBI
based on interaction with the environment [5].

» Commonly used as a descriptive tool between professionals or for
family education, or as a tracking tool for recovery.

Table 3.1 Rancho Los Amigos Cognitive Scale

I.
II.

I1I.

Iv.

VI

VII.

VIII.

No Response: unresponsive to any stimulus

Generalized Response: limited, inconsistent, and nonpurposeful
responses—often to pain only

Localized Response: purposeful responses; may follow simple
commands; may focus on presented object

Confused, Agitated: heightened state of activity; confusion,
disorientation; aggressive behavior; unable to perform self-care;
unaware of present events; agitation appears related to internal
confusion

Confused, Inappropriate: nonagitated; appears alert; responds to
commands; distractible; does not concentrate on task; agitated
responses to external stimuli; verbally inappropriate; does not
learn new information

Confused, Appropriate: good directed behavior, needs cuing;
can relearn old skills as activities of daily living; serious memory
problems, some awareness of self and others

Automatic, Appropriate: appears generally oriented; frequently
robot-like in daily routine; minimal or absent confusion;
shallow recall; increased awareness of self and interaction in
environment; lacks insight into condition; decreased judgment
and problem solving; lacks realistic planning for the future
Purposeful, Appropriate: oriented and responds to the
environment but abstract reasoning abilities are decreased
relative to premorbid levels
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ASSESSMENT OF OUTCOME: THE GLASGOW
OUTCOME SCALE (TABLE 3.2)

® One of the earliest scales used to record outcomes from moderate or
severe TBI

m Five categories, ranging from dead to good recovery. Some have con-
cerns that the Glasgow Outcome Scale (GOS) oversimplifies patterns
of recovery from TBI.

m The GOS-E (extended) increases the categories to eight, splitting each
of the categories of severe disability, moderate disability, and good
recovery into two each (upper and lower)

Table 3.2 Glasgow Outcome Scale

1: Dead

2: Vegetative state—unable to interact with environment; unresponsive

3: Severe disability—able to follow commands; unable to live
independently

4: Moderate disability—able to live independently; unable to return to
work or school

5: Good recovery—able to return to work or school

ASSESSMENT OF FUNCTIONAL STATUS
Disability Rating Scale (Table 3.3)

Designed to track changes through the spectrum of severe TBI, from
coma to community re-entry [0]

m First three areas are directly from the GCS: eye opening, verbal
response, and motor response

m Second section reflects cognitive ability for feeding, grooming, and
toileting

m Third section is related to need for assistance and employability

m Scores range from 0 (no disability) to 29 (deep coma)

® Has been validated for self or caregiver reporting and for telephone
interviews

® Has been shown to be more sensitive than GOS in measurement of
improvement during in-patient rehabilitation as well as 1 year post
injury [7]

Functional Independence Measure and
the Functional Assessment Measure

® Functional Independence Measure (FIM) [8] is one of the most com-
monly used measurements of independence in in-patient rehabilita-
tion, and is a frequently used tool in outcomes research.
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Table 3.3 Disability Rating Scale
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Eye opening
(0): Spontaneous
(D: To speech
(2): To pain
(3): None
Communication ability
(0): Orientated
(1): Confused
(2): Inappropriate
(3): Incomprehensible
(4): None
Motor response
(0): Obeying
(D: Withdrawing
(2): Flexing
(3): Extending
(4): None
Feeding (cognitive ability only)
(0): Complete
(1): Partial
(2): Minimal
(3): None
Toileting (cognitive ability only)
(0): Complete
(1): Partial
(2): Minimal
(3): None
Grooming (cognitive ability only)
(0): Complete
(1): Partial
(2): Minimal
(3): None
Level of functioning
(0): Completely independent
(D: Independent in a special environment
(2): Mildly dependent
(3): Moderately dependent
(4): Markedly dependent
(5): Totally dependent
Employability
(0): Not restricted
(D: Selected jobs, competitive
(2): Sheltered workshop, noncompetitive
(3): Not employable
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m Has 18 domains (13 motor/ADL and 5 cognitive/communication),
all individually scored from 1 (total dependence) to 7 (complete
independence)

m Intended for all types of disabilities that lead to some complaints
of it being more weighted toward motor impairments, and thus less
sensitive in assessing cognitive issues in persons with TBI

» The Functional Assessment Measure (FAM) adds 12 items to assess
more cognitive and psychosocial domains

= Both the FIM and the FAM were found to have good sensitivity to
change after TBI, especially in the early stages of recovery [9]

= Both the FIM and FIM+FAM require training to properly score

ASSESSMENT OF POSTTRAUMATIC AMNESIA

m Serves as a measure of TBI severity; objective measurement of orien-
tation can be correlated with outcome in rehabilitation [10] and long-
term outcome [11]

Galveston Orientation and Amnesia Test

Ten questions with error points subtracted from 100. Initially designed
for mild TBI, critics claim that some of the questions are of little personal
significance to severely injured patients, such as mode of transport to the
hospital. In addition, there are various point values assigned to questions
with no justification for the relative weighting of questions.

Orientation Log (O-Log)

Ten questions focusing on domains of time, place, and condition. Scores
on each question range from 0 to 3. It can be used in nonverbal patients,
and allows the examiner to use logical cuing to prompt the patient for
the correct answer.

ASSESSMENT OF DISORDERS OF CONSCIOUSNESS

m Assessing the patient with a disorder of consciousness (DOC) can be
difficult, but the ability to objectively distinguish between minimally
conscious state and vegetative state may have significant importance
for tracking recovery and establishing appropriate plans of care.

Coma/Near Coma Scale

It was first described in 1982 and uses eight parameters and 11 differ-
ent stimuli [12]. Scores for responses to individual stimuli range from 0
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(normal) to 4 (no response); the composite score is divided by number
of items tested to create an average score of 0 to 4. Requires equipment
of a bell, a light, noxious olfactory stimulus, and a nasal swab.

JFK Coma Recovery Scale

It was published in 1991 and later revised in 2004 [13]. It is com-
posed of 23 items and six subscales, with each subscale in order of
brainstem, subcortical and cortical functions. In a study comparing
the diagnostic strengths of this scale with the Disability Rating Scale
(DRS) in 80 patients with a severe DOC, the Coma Recovery Scale
(CRS) was able to diagnose 10 additional patients who were in a
minimally conscious state, who were determined to be in a vegetative
state by the DRS [14].

Disorder of Consciousness Scale

It requires a baseline assessment followed by scoring of set stimuli
responses in eight subscales. Patients are scored a 0 (no response),
1 (general response), or 2 (localized response) to stimuli. Testing requires
a variety of different stimuli, including spoons, pictures, juice, and a tele-
vision. Some authors cite that the scoring of the DOCS allows for a better
assessment of responses in comparison with the CRS, which records
presence or absence of responses [15].
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Epidemiology of
Traumatic Brain Injury

Marie Crandall

DEFINITION

Traumatic brain injury (TBI) occurs when there is a blow or jolt to the
head due to rapid acceleration or deceleration or a direct impact. It can
also be caused by direct penetrating injury of the brain. Brain function
is temporarily or permanently impaired and structural damage may or
may not be detectable [1]. Not all blows, bumps, or injuries cause TBI,
and the severity of the injury may vary widely.

INCIDENCE AND PREVALENCE
Mortality

Injury is the leading cause of death for all individuals aged 1 to 45, account-
ing for more than 150,000 deaths every year in the United States, and more
than 5 million deaths worldwide [2-4]. Head injury is responsible for the
largest proportion of these deaths, contributing to one-third of all injury-
related deaths [1,5]. The Center for Disease Control estimates that more
than 50,000 people die from TBI every year in the United States [6].

Many patients with TBI will die shortly after their trauma, but mortal-
ity depends on a number of factors including age, severity and mecha-
nism of brain injury, and presence of other injuries. The overall mortality
of moderate to severe TBI is 21% at 30 days [7], and increases to 50% for
severe TBI [8].

Disability

Overview

The overall incidence of TBI is difficult to calculate because of differences
in outcome measures, definitions, and reporting [9]. Estimates may include
only TBI patients admitted to the hospital and may exclude patients pre-
senting to nontrauma or non-emergency department (ED) practioners, ED
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visits that do not lead to admission, and typically do not include individuals
who suffer an injury but do not seek medical attention. However, the most
recent data from the CDC suggest that 1.7 million people annually suffer
a TBI This can be thought of as a pyramid, with the 52,000 deaths at the
top, then the 275,000 hospital admissions, and 1.4 million ED visits. An
additional 300,000 people are presumed to suffer injuries that are never
reported, although the true incidence of this is unknown [5].

Mild TBI

The presentation and outcomes of TBI vary widely, from a brief loss of
consciousness to permanent disability and death. Most TBIs are mild
and do not cause permanent or long-term disability; however, all sever-
ity levels of TBI have the potential to cause significant, long-lasting dis-
ability [10]. The risk of permanent disability is low with mild TBI, with
most patients having complete resolution of posttraumatic symptoms
by 3 months postinjury. However, up to 10% of patients, typically with
a more severely impaired presentation and often with obvious intrac-
ranial pathology on imaging, may be more likely to suffer persistent
or permanent symptoms [11]. By contrast, permanent disability may be
experienced by up to 65% of individuals with moderate TBI, and nearly
100% with severe TBI [12]. Approximately 75% of all brain injuries are
concussions or mild TBI [13]. Patients with mild TBI may still suffer
symptoms after the incident, including headaches, dizziness, inability
to concentrate, and nausea. Up to 30% of patients will report posttrau-
matic symptoms, and some patients will have persistent complaints [14],
although most of those with persistent symptoms do report improvement
by 1 year postinjury [15].

Moderate to Severe TBI

Individuals with moderate to severe TBI may have significant impair-
ments, and prognosis depends on the severity of injury [16]. However,
up to 90% of patients with moderate TBI will be able to live indepen-
dently, although many require assistance with finances, transportation,
and more complex tasks [17]. Approximately 30% to 40% of people who
have suffered severe TBI will make a good recovery, similar to that of
moderate TBI [18]. The remaining patients may have profound and pro-
longed disability, existing in a permanent vegetative state or minimally
conscious state, or have significant impairments, such as posttraumatic
epilepsy. There is also a significant mortality risk, up to 10% at 6 months,
mostly because of infectious complications. Prediction of outcomes early
after injury is based on logistic regression models including things like
age, socioeconomic status, injury severity, biologic markers, and comor-
bidities, but these predictors are imperfect. Typically, younger patients,
those with insurance, Caucasians, and those with less severe TBI and
fewer concomitant injuries will have better outcomes [10,19].



Epidemiology of Traumatic Brain Injury 27

Costs

From a financial perspective, the costs of TBI are prohibitive. In 2000,
annual TBI-related costs for acute and chronic care of patients were esti-
mated at $60 billion [20].

DEMOGRAPHICS
Causes

Falls are the leading cause of TBI among all age groups (35.2%), fol-
lowed by motor vehicle collisions or traffic accidents (17.3%), being
struck by/against an object (16.5%), and assaults (10%) [6]. However,
causes of TBI fatalities are slightly different. Among all causes of
injury, road traffic accidents lead to the most TBI fatalities (31.6%).
As another example, the lethality of gunshot wounds to the head is
approximately 90%. Because of this, gunshot wounds are a much
higher percentage of TBI fatalities than the overall incidence would
suggest [13].

Risk Factors

Infants and toddlers up to 4 years of age, older adolescents aged 15 to 19,
and adults older than 65 years of age are the highest risk age groups for
TBI [12]. This trimodal distribution has been demonstrated for most eth-
nic and racial groups studied, as well as in global studies of TBI [21-23].
Most studies have found that the highest age-specific incidence is in
the young adult years. Injury and debility in this age group also carries
significant morbidity, with many more years of potential life lost (YPLL)
and lost productivity for injuries incurred in young people. For every age
group studied, males are more likely to suffer TBI than females. Among
young people, males are up to seven times more likely to suffer a TBI
[24]. People of color and those of lower socioeconomic strata also suffer
rates of TBI 30% to 50% higher than majority individuals [24,25]. Alcohol
is involved in 50% of cases of TBI, either because of intoxicated drivers
or pedestrians, increased risk of falls, suicide attempts, or interpersonal
violence [26-28].

SUMMARY

TBI is the leading cause of death among the injured, killing more than
50,000 people per year in the United States. Outcomes vary widely
depending on mechanism of injury, age, and concomitant injuries or
morbidities. Young males, people of color, and the socioeconomically
disadvantaged are particularly at risk.
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Prevention of
Sports-Related Concussion
and Brain Injury

Mayur Jayarao, Lawrence S. Chin, and Robert C. Cantu

GENERAL PREVENTION RECOMMENDATIONS

Sport-specific recommendations exist, but, in general, the following
are recommended by the third International Symposia on Concussion
in Sport [1] and the National Center for Catastrophic Injury Research
(NCCSD [2,3]:

All athletes should be required to undergo a preparticipation physical
examination.

All teams should have a qualified trainer; accessible, written emer-
gency procedures; and safe facilities and equipment.

It is important, whenever possible, for a physician to be on the field
of play during game and practice. When this is not possible, arrange-
ments must be made in advance to obtain a physician’s immediate
services when emergencies arise. Each institution should have a team
trainer who is a regular member of the institution’s staff and who
is qualified in the emergency care of both treating and preventing
injuries.

Coaches should be well trained in physical conditioning, the skills of
their sport, and the risks of injury. Coaches should also be able to teach
these effectively to athletes.

Game officials must enforce rules strictly, and coaches should support
officials’ efforts to conduct safe competitions.

Fair play and respect should be supported as key elements of sport,
with violence and aggression being discouraged.

In addition, if any athlete exhibits any of the features of a concussion,

they should be immediately removed from play, evaluated using standard
emergency care principles, and monitored for deterioration. A formal
assessment of the concussive injury should be made using the Sport
Concussion Assessment Tool 2 (SCAT?2) [1] or other similar tool.
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m Serial monitoring for deterioration is essential over the initial few
hours following injury. The appearance of symptoms might be delayed
several hours following a concussive episode.

® An athlete diagnosed with a concussion should not be allowed to
return-to-play (RTP) on the day of injury nor should they be allowed
to operate a vehicle.

m Brief neuropsychological tests such as the Standardized Assessment
of Concussion (SAC) [4,5] have been demonstrated to be effective.
Standard orientation questions (e.g., time, place, and person) have not
been demonstrated as being effective.

There is no clinically significant data available to suggest that pro-
tective equipment will prevent concussion, although mouth guards can
prevent dental and orofacial injury. Biomechanical studies have dem-
onstrated a reduction in impact forces to the brain with the use of head
gear and helmets, but these findings have not been translated to show a
reduction in concussion incidence, as yet.

m The use of helmets is, nevertheless, recommended universally, when
possible.

Consideration of rule changes may also be indicated, such as those
recently suggested for soccer, where studies demonstrated that limb-to-
head contact during heading challenges accounted for approximately
50% of concussions [6]. Rule changes may also be required in some sports
to allow for effective medical assessment to occur without compromis-
ing either the athlete or game. In this regard, sport officials can play a
critical role.

A more recent concern is that of risk compensation [7], where the use
of protective equipment results in dangerous play that can result in a
paradoxical increase in injury rates. This is of particular importance
in nonadult athletes, in whom injury rates can be higher than that of
adults [8].

SPORT-SPECIFIC PREVENTION RECOMMENDATIONS
Football

m Prohibit butt blocking and face tackling, and other techniques in
which the helmet and facemask purposely receive the brunt of the
initial impact. Keep the head and face out of blocking and tackling.
Shoulder block and tackle with the head up.

® Discourage the players from using their heads as battering rams when
blocking, tackling, and ball carrying. The rules prohibiting spearing
should be enforced in practice and games. Ball carriers should also
be taught not to lower their heads when making contact with the
tackler.
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m All coaches, physicians, and trainers should take special care to see that
the players’ equipment, particularly the helmet, is properly fitted [9].

Soccer

m Safety measures include anchoring the goals, warning players to avoid
climbing on them, and using proper moving, maintenance, and stor-
age techniques.

m Helmets specifically designed for use in soccer are currently a conten-
tious issue. At this time, it is an option.

Ice Hockey

® Current recommendations include the use of a helmet and mouth guard
along with strict enforcement of the current rules. In addition, new
rules may be required against pushing or checking from behind.

Baseball and Softball (Fast-Pitch)

® Most concussions occur during a head-first slide or when a player
is struck with a thrown or batted ball. If the head-first slide is to be
allowed, coaches must teach players the safest ways to execute this
maneuver.

® Proper protection for batting practice should be provided for the bat-
ting practice pitcher and he or she should always wear a helmet.

Lacrosse

m The use of helmets with face shields is required. In addition, the use
of mouth guards is also strongly recommended.

m Current rules make it illegal to use the head in contact, as well as strik-
ing the opponent on the top of the helmet.

Cheerleading

m Cheerleaders should be trained by a qualified coach with training in
gymnastics and partner stunting. This person should also be trained
in the proper methods for spotting and other safety factors.

m A qualification system demonstrating mastery of stunts is
recommended.

m Coaches should supervise all practice sessions in a safe facility.

® Mini-trampolines and flips or falls off of pyramids and shoulders
should be prohibited.
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® Pyramids over two high should not be performed. Two high pyr-
amids should not be performed without mats and other safety
precautions.

m Cheerleading coaches should have some type of safety certification.
The American Association of Cheerleading Coaches and Advisors
offers this certification.

Skiing and Snowboarding

m Research suggests that helmets provide protection against head and
facial injury and, hence, should be recommended for all participants
in these sports [10].

Track and Field

m Track and field concussions are usually limited to athletes who partic-
ipate in the pole vault, shot put, discus or hammer throw, and javelin
throw events.

= For the pole vault event, regulations now require the landing pits to be
covered over all sections. Helmets for these athletes are a contentious
issue and therefore largely considered optional.

® The risk in the discus or hammer throw, and javelin throw events is
usually taken by spectators and other competing athletes who find
themselves in the path. Safety regulations require the adjacent areas
as well as the back and sides of the circle to be fenced off in order to
help eliminate this type of accident.

Other Sports

= In sports such as cycling, ice skating, motor, and equestrian sports,
protective helmets may prevent head injury related to falling on hard
surfaces.
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Prevention of Traumatic
Brain Injury Secondary to
Modes of Transportation,
Falls, and Assaults

Jeffrey Radecki

BACKGROUND

According to the World Health Organization (WHO), traumatic brain
injury (TBD will be the major cause of death and disability by 2020.
Worldwide, there are an estimated 57 million individuals living with
TBI-related disability [1].

Impact

TBI can result in lifelong consequences affecting physical, emotional,
cognitive, and behavioral well-being [2]. More than 5 million Americans
live with long-term disability related to TBI [3]. Lifetime costs associated
with TBI in the United States total an estimated $60 billion annually,
including medical costs and lost productivity [4].

Prevention Strategies

m Primary prevention—designed to prevent the injury from occurring.
Examples of primary prevention include public awareness of drinking
and driving laws, fall-proofing strategies in older persons’ homes, and
recommendations for gun locks to prevent accidents

m Secondary prevention—designed to lessen the damage related to the
onset of the injury. Examples include seat belts and air bags in auto-
mobiles and helmet use for cyclists

m Tertiary prevention—designed to lessen sequelae following the injury.
Examples include improved access to trauma centers, educating emer-
gency practitioners in identifying TBI, and availability of comprehen-
sive brain injury rehabilitation facilities
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TBI DUE TO FORMS OF TRANSPORTATION
Automobiles

The most common cause of TBI-related fatalities in the United States
is motor vehicle accidents (MVAs) [5]. However, at the end of 2009, the
number of overall traffic-related fatalities were at the lowest level since
1954. The National Highway Traffic and Safety Administration partially
credits the decrease to campaigns supporting seat belt use and prevent-
ing drunk driving [6].

Younger Drivers

Although younger drivers aged 15 to 20 make up just 6% of licensed
drivers, they account for just below 20% of all US motor vehicle fatali-
ties [7].

A recent decrease in fatalities has been linked to increased seat belt
use, alcohol and speeding prevention programs, and probably most
notably, provisional license phases for teen drivers, which include
several driving restrictions including nighttime driving curfews and
passenger restriction, especially riding with other teens. Various youn-
ger driver laws are currently in place for 48 states and the District of
Columbia [8].

Seatbelts and Airbags

In 2007, seat belts saved an estimated 15,147 lives, with another potential
5000 lives saved if all unrestrained motor vehicle occupants wore seat-
belts. The use of a lap-shoulder belt system in conjunction with airbags
allows for protection of the head. The important distinction between
the seatbelt and airbag system is that seatbelt use is an active function,
whereas airbags are passive restraint devices [9]. Side-impact air bags
(SABs) are designed specifically to prevent head or head-chest combina-
tion injuries in MVAs. If SAB technology were standard equipment in
all vehicles, nearly 1000 lives would be saved and another 900 serious
injuries could be prevented yearly [10].

Motorcyclists and Helmet Use

Motorcycle helmet use is 37% effective in preventing death and 65%
effective in preventing brain injury in crashes. Since a 1995 congres-
sional repeal on federal sanctions against states without helmet laws,
there have been numerous states that have chosen to repeal or weaken
their helmet laws. By repealing mandatory helmet laws, a dramatic
drop in helmet use has been observed [11]. Currently, mandatory hel-
met laws for all motorcyclists exist in only 20 states and the District of
Columbia.
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In 2008, 1829 lives were saved by motorcycle helmets. An additional
800 lives could have been saved if all motorcyclists had been helmeted
[12].

Bicycling

In the United States in 2003, an estimated 10,700 children were hospital-
ized for bicycle-related injuries, with TBI occurring in 34% of cases. Of
these bicycle-related injuries, MVAs were involved in 84% of cases [13].
Bicycle helmet use is the single most effective strategy in preventing TBI
in bicycle accidents. Wearing a bicycle helmet reduces the risk of head
injury by up to 88% [14]. However, helmets worn inappropriately or with
improper fit are associated with an almost twice greater risk of brain
injury [15]. An investigational study found 96% of children and adoles-
cents wore helmets that were either not in good condition or not fitted
properly [16]. Teaching programs regarding appropriate helmet wear are
key in addressing this issue [17].

FALLS
Falls in Children

Childhood falls have been linked to increased risk of TBI due to larger
head to body size ratio, decreased cranial bony protection, vulnerable
under-myelinated neural tissue and thus, greater risk of diffuse axonal
injury and edema compared to adults [18].

In addition to the bicycle-related prevention measures discussed ear-
lier, playground activities are an important focus of TBI prevention in
children. The Consumer Product Safety Commission (CPSC) has devel-
oped guidelines intended to reduce the occurrence of playground inju-
ries including TBI [19].

Falls in Older Adults

In adults above 65 years of age, falls are the leading cause of injury-
related deaths and emergency department visits [20]. It is estimated that
one-third of all adults above the age of 65 fall each year [21]. The older
adult population has the highest rate of TBI deaths and hospitalizations
among any group [22].

The CDC has developed three resources to help prevent falls and TBI
among older adults. The fall prevention strategies focus on encourag-
ing exercise, medication review, vision correction, and safeguarding the
home environment against falls. They are as follows:

m Help seniors live better, longer: Prevent brain injury [23]
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m Preventing falls: What works. A compendium of effective
community-based interventions from around the world [24]

m Preventing falls: How to develop community-based fall prevention pro-
grams for older adults [24]

Guidelines to improve home safety include improved lighting, remov-
ing loose carpets and items that may cause tripping, installing grab bars
and nonslip surfaces in bathrooms, and having accessible ways to call
for help [25].

VIOLENCE AND ASSAULT

Violence and assaults are a major cause of morbidity and mortality in
the United States. A significant number of TBIs are because of handgun
use. Targeted prevention programs including community-based educa-
tion on the proper storage and safeguarding of firearms have met with
some success. [26]
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Concussion Versus Mild
Traumatic Brain Injury
Is There a Difference?

Grant L. Iverson and Rael T. Lange

INTRODUCTION

A concussion, by definition, is a mild traumatic brain injury (MTBD).
Although seemingly a scientific truism, there is not universal agreement
in the medical community regarding that statement. In fact, surprisingly,
there is ongoing and diverse misunderstanding about the terminology
and definitions relating to concussion and MTBI. A list of misunder-
standings relating to this terminology is provided in Table 7.1.

DIAGNOSTIC CRITERIA

® There is no universally agreed-upon definition of MTBI. There are
three commonly cited definitions developed by (1) the Mild Traumatic
Brain Injury Committee of the Head Injury Interdisciplinary Special
Interest Group of the American Congress of Rehabilitation Medicine
(ACRM MTBI Committee), (2) Center for Disease Control (CDC) work-
ing group, and (3) World Health Organization (WHQO) Collaborating
Centre Task Force on Mild Traumatic Brain Injury. Definitions for
sport-related concussion are discussed in a different chapter in this
book. The ACRM definition is provided in Table 7.2 [1] (the CDC defini-
tion is very similar).

m Obviously, the ACRM definition includes an extraordinarily broad
spectrum of injury severity. This definition includes injuries charac-
terized by seconds of confusion to injuries involving up to minutes of
traumatic coma, several hours of posttraumatic amnesia (PTA), and a
focal contusion visible on day-of-injury computed tomography (CT).
Similarly, the WHO definition, reprinted in the following section,
includes a broad spectrum of injury.

MTBI is an acute brain injury resulting from mechanical energy
to the head from external physical forces. Operational criteria
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TABLE 7.1 Misconceptions in the Medical Community Relating to
Concussions and Mild TBls

Concussions refer only to sport-related injuries

If a person recovers relatively quickly, concussion should be used. If
not, then the person has sustained a mild TBI

Concussion, because it is synonymous with brain injury, can be used
to describe mild, moderate, and severe traumatic brain injuries

Mild TBI should only be used if there is imaging evidence of brain
injury

Mild TBI requires a loss of consciousness

TABLE 7.2 ACRM Definition of Mild Traumatic Brain Injury

A traumatically induced physiological disruption of brain function, as

manifested by at least one of the following:

1. Any loss of consciousness;

2. Any loss of memory for events immediately before or after the
accident;

3. Any alteration in mental state at the time of the accident (e.g., feel-
ing dazed, disoriented, or confused); and

4. Focal neurological deficit(s) that may or may not be transient; but
where the severity of the injury does not exceed the following:
* Loss of consciousness of approximately 30 minutes or less;
* After 30 minutes, an initial Glasgow Coma Scale (GCS) of 13-15;

and

* Posttraumatic amnesia (PTA) not more than 24 hours

Note: A better conjunction after point 3 should have been “or” as opposed to
“and.”
From Ref. [1].

for clinical identification include: (i) 1 or more of the following:
confusion or disorientation, loss of consciousness for 30 minutes
or less, post-traumatic amnesia for less than 24 hours, and/or other
transient neurological abnormalities such as focal signs, seizure,
and intracranial lesion not requiring surgery; (ii) Glasgow Coma
Scale score of 13-15 after 30 minutes post-injury or later upon
presentation for healthcare. These manifestations of MTBI must
not be due to drugs, alcohol, medications, caused by other injuries
or treatment for other injuries (e.g., systemic injuries, facial injuries
or intubation), caused by other problems (e.g., psychological
trauma, language barrier or coexisting medical conditions) or
caused by penetrating craniocerebral injury (p. 115; [2]).
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COMPLICATED VERSUS UNCOMPLICATED MTBI

= An important subtype within the MTBI spectrum is an injury charac-
terized by macroscopic damage on day-of-injury CT scan. A compli-
cated MTBI is diagnosed if the person has a GCS score of 13 to 15 but
shows some trauma-related abnormality (e.g., subarachnoid hemor-
rhage, intraparenchymal hemorrhage, subdural hematoma, epidural
hematoma, and contusion) on a CT or magnetic resonance imaging
(MRD scan. In the original definition, depressed skull fractures (not
linear fractures) were also considered characteristic of complicated
injuries [3]. Individuals with GCS scores of 13 or 14 are at considerable
increased risk for day-of-injury CT abnormalities [4-6]. Moreover, MRI
can detect abnormalities missed by CT [7-10].

m Williams and colleagues noted that patients with complicated MTBIs
were more likely to have worse cognitive functioning acutely com-
pared with uncomplicated MTBI, and their 6-month functional recov-
ery pattern was more similar to persons with moderate brain injuries.
Worse outcome associated with complicated MTBIs has been reported
by some [3,11-14], but not all [15-17], researchers.

CLINICAL DIAGNOSIS

® The diagnosis of MTBI is based on injury characteristics, such as
LOC, confusion and disorientation, PTA, and neurological signs.
Neuroimaging is adjunctive.

m Neuropsychological testing can be used to examine the consequences
of a MTBI, but cannot be used as the basis for the initial diagno-
sis. Neuropsychological test results can be influenced by numerous
demographic, situational, preexisting, co-occurring, and injury-related
factors.

m The diagnosis of a MTBI is based on a clinical interview, collateral
interviews, and review of records. Records from the day of injury
(e.g., ambulance crew report and emergency department) and the first
few medical contacts can be very helpful for an accurate diagnosis.
Clinicians should be careful not to misinterpret PTA for LOC (e.g., a
patient who is experiencing PTA and who was walking and talking
following injury often incorrectly states that “I woke up in the emer-
gency room”).

m A careful and deliberate approach that assesses the presence of loss
or altered consciousness, gaps in memory or amnesia (retrograde and
posttraumatic), and focal neurological signs should be used [18]. One
cannot assume that a very careful and thorough approach was taken
by health care providers at the scene or in the emergency department.
It can be helpful to use a structured form, such as the one provided in
Appendix A, to document injury characteristics.
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THEORETICAL CELLULAR NEUROBIOLOGY

The cellular neurobiology of injuries on the milder end of the MTBI
severity spectrum has been inferred mostly from the animal literature
[19-22]. Giza and Hovda [19,20] described the complex interwoven cel-
lular and vascular changes that occur following concussion as a multi-
layered neurometabolic cascade. The primary mechanisms include ionic
shifts, abnormal energy metabolism, diminished cerebral blood flow,
and impaired neurotransmission.

TERMINOLOGY FOR CLINICAL PRACTICE

= In general, concussion is the preferred term in sports, both in clinical
practice and in research. The term concussion is frequently used in
clinical practice in civilian and military trauma cases, especially for
injuries on the milder end of the mild spectrum of injury. As such, many
people use the term concussion for most uncomplicated MTBIs.

= In general, we believe that concussion is the preferred term because it
is more readily understood by most patients, it is easier to communi-
cate the favorable prognosis associated with this injury, and, hopefully,
it is less likely that the patient will have an adverse psychological reac-
tion to learning about his or her injury. However, iatrogenic psycho-
logical reactions can arise from the person becoming somatically and
psychologically preoccupied with having a MTBI/concussion, regard-
less of terminology.
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Mild Traumatic Brain Injury

Initial Medical Evaluation and
Management

John J. Bruns

The primary objective in the initial evaluation of mild TBI (MTBD is to
determine which patients:

Have an acute traumatic intracranial, spinal, or other injury
Have an antecedent medical event or worrisome history
Can be safely discharged from the acute care setting
Require referral at acute care discharge

DIAGNOSIS

MTBI may not be apparent during an initial medical and neurological
evaluation, because:

® Unconsciousness lasts only briefly or cannot be recognized/verified

® Neurological and/or neuropsychiatric deficits may not be discovered
by routine clinical examination [1]

= Symptoms resolve rapidly

Symptoms are often mild and only a minority have any significant
sequelae.

RISK FACTORS
Important historical aspects of the injury include:

Mechanism of injury

Duration of loss of consciousness (LOC)
Posttraumatic amnesia

Other injuries

One potential pitfall in the management of the patient with TBI is to
assume that TBI is entirely responsible for the overall clinical picture.
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52 Mild Traumatic Brain Injury

Consideration of an antecedent event such as syncope, transient ischemic
attack, orthostasis, or dysrrhythmia leading to TBI is prudent, particularly
if the patient is elderly or has multiple comorbidities.

A comprehensive approach in both the emergency department and
office setting requires initial consideration of the reversible causes of
altered mental status, including, for example, hypoperfusion, hypoten-
sion, hypoxemia or hypoglycemia, drug toxicity, polypharmacy, or
adverse medication event.

LABORATORY STUDIES

The utility of brain-specific biomarkers in determining the need for neu-
roimaging and duration of postconcussive symptoms is emerging.

® There are no laboratory clinical assays helpful in the diagnosis of TBI
as of 2011

m The proteins and molecules released after a brain injury diffuse into the
cerebrospinal fluid, cross the blood-brain barrier, and can be measured
in the serum. S100B is a serum assay that has the most potential

« S100B rises and falls within hours after MTBI, making early mea-
surement critical

« Ata cutoff of 0.1 pg/L, the sensitivity is 90% to 100%, but specificity
is low at 4% to 65%

+ The 2008 CDC/ACEP MTBI guideline recommends, in MTBI patients
without significant extracranial injuries and with a serum S100B
level less than 0.1 png/L measured within 4 bours of injury, consider-
ation can be given to not performing a computed tomography (CT)

RADIOGRAPHIC ASSESSMENT
Cervical Spine Evaluation

Acute TBI patients should be considered to have an associated spinal
injury until evaluated and excluded.

» The American Association of Neurological Surgeons guidelines [2]
state that radiographic assessment of a cervical spine injury is not
required in TBI patients who are awake, alert, not intoxicated, have
no neck pain or tenderness, and do not have associated significant
distracting injuries (i.e., an injury likely to distract the patient from
awareness of neck pain)

m If these criteria are not met, the patient should have a cervical collar
placed immediately

m Obtain three-view x-rays (anteroposterior, lateral, and odontoid) of
the cervical spine

m Or obtain cervical spine CT (preferable if degenerative joint disease
[DJD], elderly, or prior C-spine pathology exists)
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Skull Radiography

m Has no role in the evaluation of an adult MTBI patient
® Is neither sensitive nor specific for MTBI

Cerebral Neuroimaging

Head trauma evaluated in the emergency department with a presenting
Glasgow Coma Scale (GCS) score of 13 to 15 [3]:

= Up to 15% will have an acute lesion on cranial CT (CCT)

m Less than 1% will require neurosurgical intervention

» Clinical predictors for identifying patients with an abnormal CT have
been established (See Journal Articles)

m Patients with a negative CCT are at almost no risk of neurological
deterioration

HIGH RISK MILD HEAD INJURY
If any of the following are present, cranial CT is indicated [4].

Persistent GCS < 15 at 2 hours post injury

Deterioration of GCS during surveillance period

Focal neurological deficit

Clinical suspicion of skull fracture

Prolonged LOC (>5 minutes)

Prolonged anterograde/retrograde amnesia (>30 minutes)
Posttraumatic seizure

Persistent abnormal alertness/behavior/cognition

Persistent abnormal Abbreviated Westmead Post-Traumatic Amnesia
Scale (A-WPTAS) score (<18/18)

Persistent vomiting (two or more occasions)

Persistent severe headache

Known coagulopathy (e.g., warfarin, alcoholic, bleeding diathesis)
Age > 65 years

Multisystem trauma

Dangerous mechanism of injury (e.g., motor vehicle vs. pedestrian)
Clinically obvious drug or alcohol intoxication

Neurological impairment

Delayed presentation or re-presentation

TREATMENT
Guiding Principles

= Obtain a chief complaint-driven methodical history and physical prior
to clinical interventions
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m Be aware that the condition of patients with TBI may deteriorate rap-
idly after an apparently innocuous presentation

Primary Survey

The initial evaluation includes an immediate and methodical assessment
in accordance with Advanced Trauma Life Support protocols [5].

® Airway (A)
m Respiratory/Breathing (B)

« Endotrachial intubation may be indicated to ensure adequate:
» Oxygenation (O, Sat > 95%)

+ Ventilation (airway unsecured or hypercarbia)

« Safely perform cranial or other CT scan

m Circulatory (O): avoid hypotension
= Neurological Deficit (D)

Assessing status while protecting (immobilizing) and evaluating the
cervical spine is critical.
If there is an identified abnormality in ABCD or cervical spine:

m EMS system should be activated if unable to provide definitive care.
Destination should be:

+ Emergency department or
» Trauma center if severe TBI is present (GCS < 9)

Secondary Survey

m Following the initial evaluation, a more detailed assessment may ensue

® Try to secure information or corroboration from witnesses or family
members

m Patients warranting particular attention include those with intoxica-
tion, bleeding diathesis, the elderly, and those with an abnormal neu-
rological baseline

The clinician providing the initial evaluation must decide if further
evaluation, neuroimaging, or prolonged observation is indicated.

DISPOSITION AND FOLLOW-UP

Patients with low-risk mild head injury can be discharged home if at
4 hours post injury:

GCS score 15/15

A-WPTAS score 18/18

Normal alertness/behavior/cognition
Clinically improving after observation
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® No “high risk” indication for CT scan
m Responsible adult available to take home and observe

The patient should be discharged with written instructions provided
to a responsible adult who will be able to check the patient during the
subsequent 24 hours.

= Encourage patients to avoid alcohol and strenuous activities for the
next several days.

m Advise patients with MTBI that symptoms may develop and last days to
weeks after injury. Provide reassurance that these symptoms are typi-
cally transient in nature. Provide guidelines regarding which symp-
toms merit further medical evaluation (see following section).

Discharge Medications

® Avoid narcotics, sedatives (can cause sedation, interfering with assess-
ment of neurological status), and nonsteroidal anti-inflammatory drugs
(NSAIDs)/aspirin (could potentially exacerbate a bleed).

® Muscle relaxants have no role.

® Acetaminophen is preferred for headache.

m Consider antiemetics for nausea.

Discharge Instructions

Go to the nearest hospital or call an ambulance (911) for any of the
following:

m Fainting or drowsiness—or you cannot wake up

m Acting strange, saying things that do not make sense (change in
behavior)

® A constant severe headache or a headache that gets worse

® Vomiting or throwing up more than twice

®= Cannot remember new events, recognize people or places (increased
confusion)

® Pass out or have a blackout or a seizure (any jerking of the body or
limbs)

m Cannot move parts of your body, or clumsiness

® Blurred vision or slurred speech

m Continual fluid or bleeding from the ear or nose

The First 24 to 48 Hours After Injury

m Rest and avoid strenuous activity for at least 24 hours
® You should be checked every 4 hours by someone to make sure that
you are alright
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= Do not drive for at least 24 hours

® You should not drive until you feel better and can concentrate
properly

® Do not drink alcohol, or take sleeping pills or recreational drugs in
the next 48 hours

= Do not play sports for at least 24 hours

m Use acetaminophen for pain; avoid narcotics and NSAIDs/aspirin

m After 48 hours, gradual resumption of usual activities (work, study,
driving)

Follow-Up

= If not feeling back to normal within 2 to 3 days, patients should be
evaluated by their primary physician

m Patient with an abnormal A-WPTAS score or significant clinical symp-
toms, such as headache, nausea, or dizziness, should be routinely
medically reviewed within 2 to 3 days

m If necessary, arrange for follow-up with a neurologist or rehabilitation
specialist

ADDITIONAL READING

Electronic References

http://www.guideline.gov/content.aspx?id=13116#Section420 (guidelines for
neuroimaging in MTBI)

http://www.maa.nsw.gov.au/default.aspx?MenulD=148 (MTBI management
guidelines)

Textbook/Chapter
Ma O], Cline DM. Head injury. In: Emergency Medicine Manual. New York, NY:
McGraw-Hill Medical Pub Division; 2003:774-780.

Journal Article

Smits M, Dippel D, de Haan G, et al. External validation of the Canadian CT
head rule and the New Orleans criteria for CT scanning in patients with
minor head injury. JAMA. 2005;294:1519-1525
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Sports-Related Concussion

Identification and Return-to-Play
Decision-Making

Nathan E. Kegel and Mark R. Lovell

BACKGROUND

The American Academy of Neurology (AAN) defines concussion, or
mild traumatic brain injury, as “a trauma-induced alteration in mental
status that may or may not be accompanied by a loss of consciousness”
[1]. The Centers for Disease Control and Prevention estimates an inci-
dence rate of 1.8 to 3.6 million sports and recreational concussions
per year [2]. This chapter will discuss current guidelines for identi-
fication and management of concussion in sports, with an emphasis
on criteria and factors to consider when returning an athlete to the
playing field.

Initial Sideline Identification of Signs and Symptoms

The first priority is evaluating an athlete’s airway, breathing, and cir-
culation. Once more severe injuries are ruled out (e.g., traumatic neck
injury or acute neurosurgical emergency); the evaluation should focus
on assessment of mental status. Loss of consciousness (LOC) is rather
uncommon in concussion, occurring in less than 10% of injuries [3].
Prolonged LOC (>1-2 minutes) is even less frequent; athletes with LOC
are typically unresponsive for only a few seconds [4]. Any athlete dem-
onstrating LOC should be managed conservatively and same day return-
to-play is contraindicated.

Confusion and Amnesia

Confusion and amnesia are far more common than LOC. Confusion (.e.,
disorientation) represents impaired awareness of and orientation to one’s
surroundings, and often manifests in athletes as appearing stunned,
dazed, or glassy-eyed on the sideline. Confusion often becomes apparent
to team-mates before medical staff are notified.
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Posttraumatic amnesia (PTA) is characterized by loss of memory for
the length of time between the trauma and the point at which the athlete
regains normal continuous memory functioning. On-field assessment of
PTA can be accomplished via asking the athlete to recall specific events
that occurred immediately following the trauma. The presence of PTA
is highly predictive of postinjury neurocognitive deficits [4]. Any indi-
cation of amnesia should be taken seriously and the athlete should be
removed from play.

Headache

Headache occurs in 70% of athletes who sustain a concussion [5]. Most
frequently these headaches are described as a sensation of pressure that
may be localized to one region of the head or may be generalized in
nature. In some athletes, the headache may take the form of a vascular/
migraine headache.

Other Signs and Symptoms

These include blurred vision, changes in peripheral vision, photosensitiv-
ity, and difficulty maintaining balance. Athletes may also report increased
fatigue, “feeling a step slow,” or feeling sluggish. Fatigue is especially
common in concussed athletes in the days immediately following the
injury. In addition, lingering cognitive symptoms, such as difficulties with
attention and concentration, often become apparent in the weeks follow-
ing the concussion, particularly when the athlete returns to academic or
vocational activities. Frequent vomiting or declining mental status follow-
ing a concussion may indicate a life-threatening situation, necessitating
transport to a hospital emergency department and imaging of the brain.

MANAGEMENT OF CONCUSSION
Return-to-Play Guidelines

The concussed athlete should be prohibited from returning to the game
during which the concussion took place. The athlete must progress
through a graduated return-to-play protocol, beginning with demon-
stration of an asymptomatic presentation while at rest, and followed by
stepwise physical exertion [6]. Each step should, in most circumstances,
be separated by 24 hours. Any recurrence of concussive symptoms at a
particular level of exertion should result in the athlete dropping back to
the previous level. For example, if an athlete is asymptomatic at rest but
develops a headache with light exertion, then the athlete should return
to complete rest. For an athlete to meet international criteria for return-
to-play, he or she must be asymptomatic at full physical exertion and
demonstrate baseline neuropsychological test performance, when such
data is available [6] (See Table 9.1).
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Table 9.1 Return-to-Play Protocol

Initial management following injury

When a player shows any symptoms or signs of a concussion, the
following should be applied:

The player should not be allowed to return to play in the current
game or practice

The player should not be left alone, and regular monitoring for deteri-
oration is essential over the initial few hours after injury

The player should be medically evaluated after the injury

Return to play must follow a medically supervised stepwise process

A player should never return to play while symptomatic

Return-to-play protocol

It is important to emphasize to the athlete that physical and cognitive
rest is required.

The return to play after a concussion follows a stepwise process:

No activity, complete rest. Once asymptomatic, proceed to level 2

Light aerobic exercise such as walking or stationary cycling, no resis-
tance training

Sport specific exercise—for example, skating in hockey, running in
soccer; progressive addition of resistance training at steps 3 or 4

Noncontact training drills

Full contact training after medical clearance

Game play

With this stepwise progression, the athlete should continue to proceed to the
next level if asymptomatic at the current level. If any postconcussion symptoms
occur, the patient should drop back to the previous asymptomatic level and
try to progress again after 24 hours. Any medications started for treatment of
symptoms directly linked to concussion should be stopped and patient should
be asymptomatic following its removal.

Return to Normal Activity Following Concussion

Return to the classroom is a major concern for school-age athletes.
Normal school activities such as studying, sitting in class, or eating lunch
in a cafeteria can be very difficult following a concussion; these activities
may even exacerbate postconcussive symptoms. Teachers, parents, and
other adults may not be sensitive to the discomfort of the child and may
misattribute declining school performance to laziness or to other factors.
Therefore, it is important that specific instructions are provided to the
school. It is suggested that health care professionals who regularly eval-
uate school-age concussed patients use an accommodation form such as
the one presented in Table 9.2.
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Table 9.2 Return to School Accommodations Form

Student Grade School
This student has had a concussion and is likely to experience symp-
toms such as impaired concentration and memory, headache,
light and noise sensitivity, dizziness, and balance problems. These
symptoms should improve with rest. Please allow for the following
accommodations:
___ Extra time (Child may need additional time to complete
assignments)
___ Please allow student to turn in assignments late
___ Please allow student extra time to complete quizzes and tests
___ Please allow student to take breaks if symptoms become worse
___ Please allow student to wear sun glasses while at school
___ Please allow student to wear ear plugs while at school
___ Student should not be required to complete standardized testing
until
___This student should not be attending gym or should not be
allowed to participate in physical activities during recess.
___ This student can not participate in group sports activities during
gym
___ This student can tolerate low level physical activities such as
walking
___This student can participate in physical exertion but not in group
activities
___ This student can participate fully in gym

Individual Factors Influencing Return-to-Play
Decision-Making

Return-to-play decisions after a concussion are influenced by several
factors, including but not limited to an athlete’s age, gender, history of
prior injury, and particular sport. A brief review of factors that may affect
recovery from concussion follows.

Age

Recent research has produced several theories to explain observed age-
related differences in recovery from concussion, that is, high school ath-
letes’ recovery time may be longer than that of college or professional
athletes [7,8].

» Children may experience more prolonged cerebral swelling after trau-
matic brain injury [9]
= An immature brain may be more sensitive to glutamate [10]
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m These factors could lead to a longer recovery period and could increase
the likelihood of permanent or severe neurologic deficit should rein-
jury occur during the recovery period. Furthermore, this provides
evidence explaining the occurrence of second impact syndrome exclu-
sively in child and adolescent athletes [11].

Gender

Large-scale epidemiological studies have reported that females have a
higher rate of concussion in sports when compared to their male coun-
terparts [12]. The potential reasons for these differences is unclear.
Difference in neck strength between males and females is one hypothesis
that has been suggested [13]. There may also be gender-specific differ-
ences in brain physiology that may contribute to these findings. Further
research is needed to better understand the factors involved in these
apparent gender differences.

Prior Concussion History

There is a growing body of evidence suggesting detrimental physical and
cognitive effects of multiple concussions. A recent retrospective study
surveyed a sample of retired National Football League (NFL) athletes
and found that those who had experienced three or more concussions
were more likely to report persistent symptoms of cognitive impairment
and depression [14]. A study examining multiple concussions in college
football players [15] found long-term mild deficits in executive function-
ing and speed of information processing in athletes who sustained two
or more concussions. These findings have led to the generally accepted
practice of recommending discontinuation of the offending sport/activity
if a young athlete demonstrates a lower threshold for injury (e.g., he or
she displays concussive symptoms with less provocation), or the athlete
demonstrates persistent neurocognitive sequelae or symptoms (e.g., last-
ing longer than a month). Although some researchers have suggested that
three or more concussions should warrant discontinuation from sport,
there is still considerable debate regarding this issue.

Time Between Injuries

Although there is currently no formal research examining this factor,
most concussion management guidelines contain a provision for restric-
tion of play after multiple concussions within a given season [1,16].

Additional Factors

® The role of genetic factors is postulated to play a role in recovery
from injury, largely because of preliminary research in boxers and
linkage to the ApoE-4 allele, a marker associated with expression of
Alzheimer’s disease [17].
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m The role of headache history appears to be a contributory factor in
recovery from concussion. Suffering a blow to the head is a well-known
trigger for headaches, and a prior history of migraine and other head-
aches may play a role in protracted recovery from concussion [18,19].

CONCLUSIONS

The management of sports-related concussion begins on the field, rink,
or court with the proper identification of the injury, and progresses
through the implementation of a systematic return-to-play protocol and
return to usual life activities such as school. Proper identification and
management of concussion will maximize healthy return-to-play and
life activities.

ADDITIONAL READING
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concussion/sports/index.html
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The Natural History of Mild
Traumatic Brain Injury

Grant L. Iverson and Rael T. Lange

INTRODUCTION

The natural history of mild traumatic brain injury (MTBI) is reasonably
well understood. There is a substantial body of evidence suggesting that
the symptoms and problems associated with this injury are time-limited
and follow a predictable course for most people. The majority of people
do not require specific medical treatment. They do, however, benefit
from (1) education and reassurance and (2) advice regarding a gradual
resumption of activities. A summary of the natural history of MTBI, from
a clinical practice guideline prepared by a working group from the US
Department of Veterans Affairs and the US Department of Defense, is
provided in Table 10.1 [1].

CLINICAL PRESENTATION: SYMPTOMS OF MTBI

= Athletes and trauma patients report diverse physical, cognitive, and
emotional symptoms in the initial days and weeks postinjury. In
concussed athletes, the most frequently endorsed symptoms in the
initial days postinjury are: headaches, fatigue, feeling slowed down,
drowsiness, difficulty concentrating, feeling mentally foggy, and diz-
ziness [2].

® Time course for recovery: In very mild injuries, symptomatic recovery
typically occurs within 2 weeks. This is illustrated in Figure 10.1 [3].
In a sample of 635 concussed high school and college athletes, 85%
recovered symptomatically within the first week postinjury.

= Symptom persistence: It is difficult to predict who will continue to
report symptoms several months postinjury. For example, in a well-
controlled prospective study of trauma patients, McCauley and col-
leagues reported that day-of-injury CT abnormalities were not
associated with increased risk for the postconcussion syndrome at
3 months postinjury [4].
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Table 10.1 Summary of the Natural History, Early Intervention, and
Return to Work Following MTBI from the US VA and DoD

Natural bistory

The vast majority of patients who have sustained an MTBI improve
with no lasting clinical sequelae.

Patients should be reassured and encouraged that the condition is
transient and full recovery is expected. The term “brain damage’
should be avoided. A risk communication approach should be
applied®.

The vast majority of patients recover within hours to days®, with
a small proportion taking longer. In an even smaller minority,
symptoms may persist beyond 6 months to a year.

The symptoms associated with postconcussion syndrome are not
unique to MTBI. The symptoms occur frequently in day-to-day life
among healthy individuals and are also found often in persons
with other conditions such as chronic pain or depression.

”

Early intervention
Early education of patients and their families is the best available
treatment for MTBI and for preventing/reducing the development
of persistent symptoms.
A primary care model can be appropriate for the management of
MTBI when implemented by an interdisciplinary team with spe-
cial expertise.

Return to work/duty activity

Patients sustaining an MTBI should return to normal (work/duty/
school/leisure) activity as soon as possible.

A gradual resumption of activity is recommended.

If physical, cognitive, or behavioral complaints/symptoms re-emerge
after returning to previous normal activity levels, a monitored
progressive return to normal activity as tolerated should be recom-
mended.

2 Risk communication involves the exchange of information during patient vis-
its relating to diagnoses, medications, and treatments. A patient-centered ap-
proach, based on effective communication, is preferred given the biopsychoso-
cial complexity involved in cases of poor outcome from MTBI. Researchers have
reported that the quality of clinician-patient communications can significantly
influence the quality of life for patients and improve patient health outcomes.
b Author comment: We believe there is a body of evidence to support the state-
ment that the vast majority of concussed athletes recover within the first month
and civilian trauma patients recover within the first 6 months.

Source: From Ref. 1. Pages 7-8. This clinical practice guideline was compiled
after a comprehensive review of the civilian and military MTBI literature.
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Figure 10.1 Symptom recovery course in 635 concussed high school
and college athletes.

Note: The percentage of the injured sample recovered at each interval is based
on clinical documentation from physicians and certified athletic trainers on
duration of symptoms. Adapted from Ref. [3].

® Evolution into Postconcussion Syndrome: Despite decades of research,
the persistent postconcussion syndrome remains controversial. The
syndrome is a nonspecific cluster of symptoms that can be mimicked
by a number of preexisting or comorbid conditions. Therefore, it is
imperative for clinicians to systematically evaluate the possible con-
tribution of many differential diagnoses, comorbidities, and social-
psychological factors that may cause or maintain self-reported
symptoms long after an MTBI.

COGNITIVE IMPAIRMENT AND RECOVERY

» Initial postinjury presentation: Injured athletes and trauma patients
perform more poorly on neuropsychological tests in the initial
days postinjury. Injured trauma patients, as a group, perform more
poorly on cognitive testing up to the first month following the injury.
Neuropsychological deficits typically are not seen in athletes after 1
to 3 weeks and in trauma patients after 1 to 3 months in prospective
group studies (see [5] for a review).
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m Effect of loss of consciousness: Researchers studying trauma patients
have reported that there is no clear association between brief loss of
consciousness and short-term neuropsychological outcome (see [3] for
a review) or vocational outcome.

m Effect of Posttraumatic Amnesia (PTA): The presence and duration of
posttraumatic confusion or amnesia (PTA) has been associated with
worse immediate outcome and slower recovery in athletes. PTA in
trauma patients also appears to be related to short-term neuropsycho-
logical outcome (see 3 for a review). In MTBI, however, the relation
between PTA and outcome weakens when outcome is assessed several
months postinjury.

m Complicated versus Uncomplicated MTBI [6,7]: Patients with compli-
cated MTBI (i.e., MTBI with abnormalities noted on initial brain imag-
ing) tend to perform more poorly on neuropsychological tests than
patients with uncomplicated MTBI in the first 2 months following
injury, but only on a small number of tests rather than having globally
depressed scores. When differences occur between these two groups,
the effect sizes of these differences tend to be medium. At 6 months
postinjury, some researchers have not reported differences in neurop-
sychological test performance between complicated and uncompli-
cated MTBI patients.

®m Meta-Analytic Studies:

m There are several published meta-analyses [8-11] and reviews
[12-14] of the literature relating to cognitive functioning following
MTBI which can help put neuropsychological consequences of this
injury into context (see Figure 10.2) [15].

® Meta-analyses can also be used to examine moderator variables.
For example, time is a critical moderator variable with MTBI. The
effect of sport-related concussion is dramatic in the first 24 hours
but small after 7 days have passed. Moreover, the effects of MTBI
on cognitive functioning after 1 to 3 months are negligible (compa-
rable to the effects of cannabis). However, when examining patients
involved in litigation, the overall effect on cognition is comparable
to the effects of moderate-to-severe TBIs (Figure 10.2).

EARLY INTERVENTION

Clinicians should try to prevent poor outcome in people who have suf-
fered an MTBI. Early intervention, as simple as education and reassur-
ance of a likely good outcome, can reduce the number and severity of
postconcussion symptoms and increase return to work rates.

In most studies, patients participating in early intervention programs
consisting of educational materials plus various additional treatments
and/or assessments (e.g., neuropsychological testing, meeting with a
therapist, reassurance, access to a multidisciplinary team) report fewer
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Figure 10.2 Meta-analytic effect sizes: neuropsychological functioning.
Figure reprinted from: Ref. 15. Effect sizes typically are expressed in pooled,
weighted standard deviation units. However, across studies, there are some
minor variations in the methods of calculation. By convention, effect sizes of 0.2
are considered small, 0.5 medium, and 0.8 large. This is from a statistical, not
necessarily clinical, perspective. For this figure, the overall effect on cognitive
or neuropsychological functioning is reported. Effect sizes less than 0.3 should
be considered very small and difficult to detect in individual patients because
the patient and control groups largely overlap.

postconcussion symptoms at 3 months postinjury [16] and at 6 months
postinjury [17,18] compared to patients who received standard hospital
treatment (see 3 for a review). Educational brochures or sessions typically
provide information regarding common symptoms, likely time course of
recovery, reassurance of recovery, and suggested coping strategies follow-
ing MTBI.
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Cumulative Effects
of Repeated Mild
Traumatic Brain Injury

Gentian Toshkezi, Lawrence S. Chin, and Robert C. Cantu

INTRODUCTION

Repeated mild traumatic brain injuries (MTBIs) may occur in a variety of
contexts, most commonly in athletics, and can have significant long-term
neurologic impact. This chapter will specifically focus on the cumulative
effects of MTBI in sports, but the same concepts are applicable regardless
of the mechanism of injury.

In some sports such as boxing, where the goal is to cause repeated
blows to the head, or football, where frequent head contact is inevi-
table, the study of this disease is of prime importance. Furthermore,
there is often a culture of toughness that predisposes participants to
continue playing through minor head injuries, putting the athlete at risk
for repeated trauma. Repeated injuries may also be seen in other sports
such as soccer, ice hockey, lacrosse, rugby, equestrian events, and ski-
ing because of the high incidence of collisions, falls, or striking the ball
[1,2]. Repetitive MTBI can cause long-lasting neurologic symptoms. It is
reported that 17% of cases develop a condition called chronic traumatic
encephalopathy, previously known as dementia pugilistica (see follow-
ing section) [1].

EPIDEMIOLOGY

In a prospective cohort study done on 2905 US collegiate football players
from 1999 to 2001, 6.5% of the players had more than one MTBI within
the same season, and 1.6% presented with three or more concussions
within the same season [3]. In another study, certified athletic trainers
who worked with high school and collegiate football players were sur-
veyed; of 17,549 players, 5.1% presented with at least one concussion
per year, and of these concussed players, 14.7% had more than one
concussion in the same season [4]. Players with a history of more than
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three concussions were in turn three times more likely to have a repeat
concussion than players with no history of brain trauma.

Although the cumulative effect of two concussions results in little or
no difference in symptoms compared to suffering a single concussion,
patients with multiple concussions often experience a longer recovery
period [5]. Both the increased risk for future injury and slower recovery
are signs of potential increased neuronal vulnerability following recur-
rent concussive brain injuries.

PHYSIOPATHOLOGY

Studies of the cortical silent period (CSP), defined as the time between
stimulation of the cortex and resulting muscle activity on electromyo-
graphy (EMG), show that there is an altered CSP even in asymptom-
atic athletes who score normally on neuropsychologic tests following a
concussion [6]. Furthermore, athletes with multiple concussions tend to
report more severe symptoms, and abnormalities of cortical functioning,
based on duration of the CSP, persist far beyond the acute phase of the
injury. It is hypothesized that the neurophysiologic substrate of the CSP
is related to altered GABA-B receptor sensitivity, which renders the brain
more vulnerable to subsequent traumatic events [6]. Animal studies show
a disrupted neuronal metabolic cascade resulting in accelerated glycoly-
sis and increased lactate levels following concussion. Downstream effects
include an increase in intracellular calcium, mitochondrial dysfunction,
impaired oxidative metabolism, axonal disconnection, impaired neu-
rotransmission, and delayed cell death. These metabolic changes follow-
ing concussions make neurons more vulnerable to secondary ischemic
injury and perhaps repeat injury [3].

These pathologic mechanisms may be similar to those that cause brain
degeneration in Alzheimer’s disease (AD) [7]. Boxers with dementia pugi-
listica show B-amyloid protein—containing diffuse plaques and neuro-
fibrillary tangles that are similar to findings seen in AD. Unlike AD,
however, the neurofibrillary tangles of dementia pugilistica are located
in superficial rather than deep layers of the neocortex and occur without
neuritic plaques [1,8].

CLINICAL MANIFESTATIONS

The severity of concussion-related symptoms may worsen with suc-
cessive injuries even when a time lag exists between injuries [4]. The
cumulative effect of MBTI most dramatically affects cognitive function,
particularly planning and memory. Athletes with three or more concus-
sions also appear to have more significant loss of consciousness, antero-
grade amnesia, and confusion [2,9-12].
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DIAGNOSIS

A detailed history and physical is critical for the evaluation of a patient
presenting with cumulative effects of MTBI. The standard diagnostic
tool is neuropsychological testing. Brain computed tomography (CT) and
magnetic resonance imaging (MRD are less helpful in the diagnosis of
cumulative effects of MTBI. Functional MRI of the brain may detect fron-
tal lobe hyperperfusion seen in repeated concussions, but at this stage
is still investigational [13]. Testing for the CSP via transcranial magnetic
stimulation may one day prove to be a valuable sensitive diagnostic
exam, capable of detecting brain abnormalities in repeated concussion
even in asymptomatic athletes or when neuropsychologic tests are nega-
tive [0]; at present, it is still solely an experimental modality, however.

CHRONIC TRAUMATIC ENCEPHALOPATHY
Background

In 1928, Martland introduced the term punch-drunk to describe neuro-
logic symptoms related to repeated blows to the head; this later came to be
known as dementia pugilistica because it was found often in boxers [1,9].

Pathophysiology

The currently favored term, chronic traumatic encephalopathy (CTE), is
associated with atrophy of cerebral hemispheres, mesial temporal lobes,
thalamus, mammillary bodies and brainstem, as well as dilatation of the
ventricular system and cavum septum pellucidum, and scarring and neu-
ronal loss of cerebellar tonsils [1,4,14,15]. Pathognomonic neuropathologic
signs include preferential involvement of superficial cortical layers; irregu-
lar and patchy distribution in the frontal and temporal cortex; a propensity
for sulcal depths, perivascular, periventricular, and subpial distribution;
and accumulation of tau-immunoreactive astrocytes. Tau deposition in
CTE is seen preferentially in layer II and upper third of layer III in the
neocortex, and is more dense than that seen in AD. Also unlike AD, the
deposition of B-amyloid in plaques is not consistently present. These key
neuropathologic findings distinguish CTE from other tauopathies [1].

Clinical Manifestations and Diagnosis

Patients with CTE present with headaches, dizziness, unsteady gait, fatigue,
and dysarthria, as well as psychosocial and neurocognitive symptoms such
as memory loss, attention deficit, difficulty in concentration, slow informa-
tion processing, confusion, loss of judgment, irritability, emotional distress,
and inability to keep employment. In severe cases, there is a progressive
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slowing of movement, a propulsive gait, tremor, masked facies, deafness,
dysarthria, dysphagia, ptosis, and other ocular abnormalities [1].
Clinical deterioration in CTE occurs in three stages [1,16]:

Stage 1—affective disturbances and psychotic symptoms

Stage 2—social instability, erratic behavior, memory loss, and initial symptoms
and signs of Parkinsonism

Stage 3—general cognitive dysfunction, progression of dementia, speech and
gait abnormalities, or full blown Parkinsonism

Presently, there are no biomarkers for the diagnosis of CTE.

RECOMMENDATIONS AND CONCLUSIONS

The obvious solution to preventing cumulative effects of MTBI is to avoid
injury in the first place. Limiting the risk of brain injury with effective
headgear is mandatory, and further research to improve helmet design
should be supported. Adherence to strict “return-to-play” guidelines
should be adopted. Physicians, nurses, trainers, coaches, and athletes
should be better educated about TBI and its consequences. Finally, a
cultural change must occur that puts the health of the athlete ahead
of all other factors in decisions regarding participation. Only then will
the safeguards and guidelines being established for prevention of brain
injury be fully realized.
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Second Impact Syndrome

Gary Goldberg and Brian Steinmetz

GENERAL PRINCIPLES
Definition

Second impact syndrome (SIS) is a rare condition in which the brain
swells rapidly when a person suffers a second mild traumatic brain injury
(MTBD before an earlier MTBI has completely resolved [1]. The second
injury is generally not severe, with the consequent brain effect being well
out of proportion to the apparent head trauma.

Epidemiology

Exact incidence is unknown—SIS appears to be a relatively rare occur-
rence. Much of the work on SIS has been done in sport-related head
injuries. From 1980 to 1993 the National Center for Catastrophic Sports
Injury Research in Chapel Hill, NC, identified 35 probable cases among
American football players [2]. A more recent study of American high
school and college football players demonstrated 94 catastrophic
head injuries (with significant intracranial bleeding or edema) over a
13-year period [3]. Seventy-one percent of high school players suffer-
ing such injuries had a previous concussion in the same season, with
39% known to have been playing with some residual postconcussion
symptoms.

True SIS is rare; 17 cases have been fully published and, according to
one literature review, only five reflected a probable case of SIS [4]. SIS
has been described most often in young males engaged in contact sports
such as boxing, football, and ice hockey.

Although the number of published cases of confirmed SIS is quite
small [4,5], and one might view this as somewhat encouraging, the
scenario in which a young, previously healthy individual succumbs
suddenly and dramatically to this condition indicates that SIS must
still be taken as a very serious potentially avoidable consequence of
head trauma. The outcome from this condition is often death or severe
disability.
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Pathophysiology

SIS is thought to be due to sensitization of the brain to the effects of
subsequent trauma as a result of an initial head injury. Initial response
to a significant concussion can involve transient development of cerebral
edema, which is constrained by activation of autoregulatory mechanisms
that respond to the induced physiologic stress of the trauma. This initial
acute response to the trauma involves vasoconstriction and a reduction
in cerebral blood flow, which can contribute to ischemia.

A subacute phase then involves a state of altered cerebral metabolism
that may last for several days, involving decreased protein synthesis and
reduced oxidative capacity [6]. This alteration in brain metabolism makes
the brain more vulnerable to the pathologic effects of a second insult.
Fischer and Vaca [7] have thus proposed that when the patient sustains
a “second impact” to the head while in this vulnerable subacute state,
the brain loses its ability to autoregulate cerebral perfusion pressures and
blood flow. This can then lead to rapid-onset massive cerebral edema pre-
cipitating transtentorial brain herniation. Death has been reported to occur
in a matter of 2 to 5 minutes in true SIS, usually without time to stabilize or
transport an athlete from the playing field to the emergency department.

Experiments in concussed rats demonstrated significantly prolonged
abnormalities in brain metabolism and behavior when a second impact
to the animal’s head was administered at 3 days after an initial impact.
Such abnormalities were not seen with impacts delivered 2 days before
and after day 3 [8,9], implying that there may be a metabolic window of
susceptibility to a second impact during the recovery from an initial head
injury. A second impact occurring within this window could lead to more
dramatic and prolonged symptoms.

DIAGNOSIS
History

m SIS is definitively established through documentation of two separate
sequential head injury events with unresolved symptoms of the first
head injury persisting through to the second head injury. Most strin-
gent diagnostic criteria for SIS require that the initial head injury be
witnessed and medically assessed with confirmed symptomatology
persisting through to the second witnessed impact

= History of rapid neurologic deterioration following a witnessed second
head injury

m SIS is distinguished from repetitive head injury syndrome (RHIS), or
chronic traumatic encephalopathy (CTE), in which a person sustains
several repeated minor head injuries spread out over time and, as a
result, experiences a gradual decline in cognitive, affective, and behav-
ioral function (see Chapter 13)
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m SIS is generally seen in individuals under the age of 18, whereas RHIS/
CTE is typically seen in adults [10,11,12].

Physical Examination

® In the unconscious athlete, prompt assessment and stabilization of
airway, breathing, and circulation, placement of a cervical collar and
spine precautions is essential.

m Careful neurologic examination is done including assessment of brain-
stem function and Glasgow Coma Scale score.

m Examine for evidence of elevated intracranial pressure (pupillary
response, papilledema, obtundation, etc.).

Radiographic Assessment

= Computed tomography (CT) scan: rule out structural damage such as
intracranial hemorrhage [13].

® Vascular studies (CT perfusion or CT angiography): can detect vascu-
lar pathology and evidence of abnormal cerebral blood flow patterns
including vascular congestion.

= Magnetic resonance imaging: offers more structural detail to aid in
detecting subtle structural changes.

Autopsy Findings

» Diagnosisis definitively made atautopsy: the brain shows diffuse and exten-
sive cerebral edema, often with evidence of transtentorial herniation.

TREATMENT

= Treatment must be intensive and cannot be delayed.

» Patient should be immediately stabilized with special emphasis on
airway management, and neurosurgery consulted.

m Rapidly intubate and institute measures to reduce elevated intracranial
pressure.

m Treatment of impaired autoregulation of cerebral vasculature in true
SIS may be difficult or impossible. Surgery is generally not effective.

m Prognosis is generally poor. Mortality rate approaches 50%, with remaining
survivors uniformly left with significant residual neurologic disability.

PREVENTION OF SECOND IMPACT
SYNDROME IN SPORTS

m The best way to prevent SIS is to reduce the overall incidence of con-
cussion in contact sports through protective headgear, education, and
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enforcement of rules designed to reduce the likelihood of producing
a significant injury (see Chapter 5).

® Any athlete who remains symptomatic following a concussion should
not be allowed to return to play. If unsure about status of symptom
resolution remember: “When in doubt, sit them out.”

m Multiple clinical guidelines have been published advising on the timing
of return to play and level of participation following a first concussion.
Such guidelines exist, at least in part, to prevent SIS [14,15,16,17].

® Physicians with experience in concussion recognition and manage-
ment should be consulted to evaluate athletes before return to play is
authorized.

m There is a tendency for athletes to minimize and under-report per-
sisting postconcussion symptoms, particularly under circumstances
where there are significant competitive stakes involved. Preseason
education for the athlete and family members is essential. Education
for officials and coaching staff is also very important.
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Brain Imaging in
Mild Traumatic Brain Injury

Jeffrey David Lewine

BACKGROUND

® Almost 85% of brain injuries are classified as mild in nature. Anatomic
evidence of injury is generally lacking in these cases because tradi-
tional neuroimaging examinations are usually negative, even in the
setting of persistent symptoms.

® When computed tomography (CT) or magnetic resonance imaging
(MRD) are positive for acute trauma-related structural pathology in the
setting of mild traumatic brain injury (MTBD), the injury is classified
as a complicated MTBI.

® Advanced structural and functional brain imaging methods can some-
times provide objective evidence of MTBI in the absence of findings
on conventional imaging.

IMAGING ASSESSMENTS
Types of Imaging

There are two main categories of imaging—those that look explic-
itly at brain structure, and those that look at various aspects of brain
function.

Brain Structure

In the acute care setting, structural imaging is warranted whenever there
has been a trauma-related alteration in consciousness or a change in
neurological status. Such imaging is needed to rule out potentially life-
threatening problems [1,2].

m (CT—uses x-rays to make tomographic images of the body. CT is gener-
ally the first brain imaging method to be employed in the emergency
medical management of patients with head trauma, because it pro-
vides rapid identification of critical pathology including skull fractures
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and intracranial bleeds [2] (see Chapter 10 for further discussion of
this topic.)

® MRI—By examining how magnetic field gradients and systematically
applied radiofrequency pulses alter the behavior of the hydrogen pro-
tons of water molecules, MRI provides detailed information on the soft
tissues of the body. In general, MRI is inferior to CT for identification
of skull fractures, but it is superior to CT for the identification of intra-
parenchymal abnormalities. T1, T2-FLAIR and T2-weighted gradient
echo sequences are especially useful in the clinical evaluation of TBI
[2]. Diffusion tensor imaging (DTI) and associated fiber-tractography
may be additionally useful for identification of trauma-induced abnor-
malities in white matter pathways [3] (see Figure 13.1). MRI is war-
ranted if subjective complaints persist beyond the acute injury phase,
or if there is any deterioration in clinical status [1,2].

Brain Function

Functional imaging methods generally are not indicated for the identi-
fication of acute life-threatening lesions associated with trauma. Rather,
functional methods become useful when looking for evidence of brain

Left Right

FIGURE 13.1 Diffusion tensor imaging and fiber tractography in mild
head trauma. Data are from A 17-year-old male with a history of multiple
sports-related concussions. Imaging shows a reduction in the density
and number of fibers in the left superior temporal region compared to
the right (note image is left-on-left). Source: From Ref. [15].
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injury in cases where structural imaging is negative. Evidence of a func-
tional disruption of the brain can be valuable in guiding medical manage-
ment during subacute and chronic phases of injury.

There are two general classes of functional imaging methods—those
that examine biochemical, metabolic, and hemodynamic functions, and
those that directly assess brain electrophysiology. The main biochemical/
metabolic/hemodynamic methods are: positron emission tomography
(PET), single photon emission computed tomography (SPECT), func-
tional MRI (fMRI), and magnetic resonance spectroscopy (MRS). The
main electrophysiological methods are electroencephalography (EEG)
and magnetoencephalography (MEG) [4].

m PET—uses compounds labeled with positron-emitting radionucle-
otides to assess brain biochemistry and metabolism. Brain injury eval-
uations usually use fluorodeoxyglucose (FDG), and thereby measure
regional metabolism, an indirect measure of neuronal activity. Studies
may collect data while the brain is “at rest” or during the performance
of working memory or attention tasks [5].

m Findings in MTBI: Even in cases without gross structural dam-
age, PET images are usually reported to be abnormal, based on
visual inspection of data. However, both hypo- and hypermeta-
bolic regions have been reported, with a general lack of correlation
between specific PET findings and neuropsychological profile [5].

® SPECT—similar to PET except that relevant radionucleotides emit single
photons (y rays) rather than positrons. As such, the spatial resolution of
SPECT is slightly poorer than that of PET. On the other hand, the dose
of radioactivity is lower for SPECT, so it is possible to perform resting
and activation studies on successive days. Most trauma studies use
technitium-labeled hexamethylpropyleneamine oxime (Tc-HMPAO),
with images providing information on regional bloodflow, an indirect
measure of regional metabolism.

» Findings in MTBI: Even in cases without gross structural damage,
visual inspection of SPECT data identifies abnormalities in the major-
ity of cases, especially during activation procedures. Frontal and
temporal hypoperfusion along with basal ganglia hypoperfusion are
most commonly reported, with conflicting reports on the consis-
tency of relationships between the location of SPECT anomalies and
specific clinical profiles [5]. As is the case with PET, few studies have
examined diagnostic specificity with respect to normal comparison
subjects or subjects with nontrauma related cognitive compromise.

m fMRI—The magnetic properties of oxygenated and deoxygenated
blood are slightly different, so it is possible to use echo-planar, blood
oxygen-level dependent (BOLD) MRI to examine regional blood flow.
Most fMRI studies are task dependent, that is, activity profiles during
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a resting state are compared with those during performance of a cog-
nitive task.

m Findings in MTBI: Several investigative teams have shown, in
group-averaged data, reduced activation during cognitive chal-
lenges related to working memory [6] or attention [7]. Diagnostic
applicability to individual subjects remains to be determined.

®» MRS—The local microenvironment influences the resonance frequency
of protons, so it is possible to use MR technology to measure regional
concentrations of certain metabolites including N-acetylaspartate (NAA,
a neuron-specific metabolic marker), creatine (Cr, which is related to
energy metabolism), and choline (Cho, a cell membrane marker).

m Findings in MTBI: Some studies have identified altered metabolite
concentrations and reduced NAA/Cho and NAA/Cr ratios following
mild trauma, suggesting perturbed metabolic activity in the regions
measured [8,9]. Clinical applicability is still under investigation.

m EEG—uses contact electrodes applied to the scalp to measure electrical
potential patterns that are directly caused by changing patterns of cur-
rent within brain cells. Clinical EEG involves visual inspection of data
from 19+ electrodes arrayed about the head. Quantitative EEG (QEEG)
evaluation may also be performed. QEEG involves a statistical compari-
son of the patient’s data with data within a normative database.

» Findings in MTBI: Clinical EEG abnormalities are seen in less than
25% of patients with MTBI, and usually consist of nonspecific dif-
fuse slowing. In contrast, QEEG has been reported to have a high
sensitivity in the identification of MTBI [10], but the discriminants
used in these studies have variable reliability [11] and specificity.

» MEG—uses special superconducting sensors to detect the weak neuro-
magnetic signals generated by the brain’s electrical activity [12,13-15].
There are two fundamental differences between EEG and MEG sig-
nals. First, the skull acts as an electrical barrier that smears and distorts
the electrical signals measured by EEG, but magnetic signals pass
through the skull without significant attenuation or distortion. MEG,
therefore, provides better spatial resolution of brain activity. Second,
whereas EEG is sensitive to both radial and tangential currents (i.e.,
those flowing perpendicular and parallel to the skull, respectively),
MEG is sensitive to only tangential currents. The MEG is essentially
a filtered version of EEG. Most MEG laboratories collect simultane-
ous EEG data to take advantage of the complimentary nature of the
methods.

» Findings in MTBI: Focal dipolar slow wave activity can be seen in
normal appearing tissue following MTBI, especially if there are
persistent cognitive symptoms (see Figures 13.2 and 13.3). The pres-
ence of this activity appears to track symptom severity, with the
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Figure 13.2 MEG involves measurement of the weak magnetic sig-
nals generated by neuronal currents. The super-cooled MEG sensors
are contained within an insulated dewar with the sensors arrayed
about the head. The output of each sensor is a signal showing how
the local magnetic flux changes in time. Waveforms show 5 seconds
of data. For the patient with a history of mild head trauma and per-
sistent postconcussive symptoms (PCS), large amplitude slow waves
are seen. The neuronal generators of the slow wave activity can be
localized and plotted on spatially aligned MR images (see Figure 13.3).
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Epileptiform
discharges

Fused image

FIGURE 13.3 Data are shown for a 23-year-old female subject who suf-
fered a mild head trauma in a motor vehicle accident. She reported only
a brief <1 minute loss of consciousness and her GCS was 15 at the time
of hospital admission. MRI performed at the time of admission was inter-
preted to be within normal limits. Nevertheless, she reported a chronic
postconcussive syndrome characterized by documented memory and
attention problems and some general cognitive decline. Follow-up MRI,
21 months post trauma, was within normal limits. SPECT revealed mild
bitemporal hypoperfusion. MEG revealed right and left temporal focal
slow waves and additional left parietal slowing. MEG also showed rare
left temporal epileptiform spikes (with source locations indicated by yel-
low dots) even though the subject had never been reported to show
a clinical seizure. Subsequent to these studies, the patient was placed
on valproic acid (Depakote). Follow-up neuropsychological testing
conducted 6 months after initiation of Depakote revealed a significant
improvement in memory function, although attention skills and general
processing speed did not improve.
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slow waves resolving when symptoms resolve. If cognitive symp-
toms persist, dipolar slow waves also persist [14]. Available data
indicate that focal ischemia and/or damage to underlying white
matter pathways is associated with postconcussive dipolar slow
wave activity [12,15]. Certain auditory and somatosensory event-
related responses in MEG may also be abnormal following MTBI.
While MEG is generally viewed an investigational tool in the study
of brain injury, select centers with requisite expertise have begun to
explore using MEG as a clinical diagnostic tool for TBI as well.

SUMMARY
Structural Imaging

Even mild trauma can lead to life-threatening injury. CT is warranted
whenever there is a posttraumatic alteration in consciousness or pertur-
bation of neurological status (see Chapter 10 for a detailed discussion of
this topic). MRI can be useful as a compliment to CT, especially if symp-
toms persist after the immediate acute phase of injury. In some cases,
other structural methods, including diffusion tensor analysis, are of value
(e.g., in patients with persistent symptoms), as they may offer objective
evidence of TBI-related pathology.

Functional Imaging

Functional methods may be of particular value during subacute and
chronic phases, when objective evidence of brain dysfunction (in the
absence of gross structural lesions) can influence medical management,
return-to-work decisions, and medical-legal matters.

Limitations of functional methods include restricted access to relevant
equipment and personnel for data processing and interpretation. Other
problems with some of the methods include (1) over-reliance on visual
inspection and “clinical-expertise,” rather than quantitative metrics and
(2) results for some imaging modalities that are based mostly on the anal-
ysis of group-averaged data, rather than data from individuals. Finally,
most functional imaging studies are not routinely used in clinical prac-
tice, and their routine application in a clinical setting is not presently
recommended.

Additional Considerations

Although functional imaging methods may appear to be very sensitive to
detecting lesions even in the setting of mild trauma, there is a general lack
of specificity of findings. Just as none of the somatic, psychiatric, or cog-
nitive symptoms that are associated with traumatic injury are specific for
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TBI, hypometabolism, hypoperfusion, abnormal metabolic and biochemi-
cal markers, and slowing on EEG and MEG can all be seen in a wide range
of clinical conditions. As such it is not enough to show that imaging is
abnormal relative to normal comparison subjects. To date, studies of the dif-
ferential diagnostic specificity of most of the imaging modalities are lack-
ing, so the linkage between the objective functional imaging findings of
brain dysfunction and a history of trauma must be based on clinical insight,
knowledge of premorbid status, and patient history and symptoms.
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Somatic Manifestations of
Mild Traumatic Brain Injury

Michael Henrie and Elie P. Elovic

Common somatic manifestations of mild traumatic brain injury (MTBI)
include balance deficits, dizziness, fatigue, headache, nausea, visual
disturbances, tinnitus, slurred speech, dysesthesias, weakness, and
musculoskeletal complaints such as cervical spine injury and whiplash-
associated disorders (WADs). In general, the initial symptoms associated
with TBI occur as a result of neurometabolic processes [1]. One must also
consider that some symptoms may result from the associated cranial
injury that often accompanies MTBI. The most important of these mani-
festations that are not discussed elsewhere in this text are discussed in
the following sections.

FATIGUE
Definition

Fatigue is defined as (1) that state following a period of mental or bodily
activity, characterized by a lessened capacity for work and reduced effi-
ciency of accomplishment, usually accompanied by a feeling of weari-
ness, sleepiness, or irritability; (2) sensation of boredom and lassitude
due to absence of stimulation, monotony, or lack of interest in one’s
surroundings [2].

Classification

Fatigue can be classified as (1) central fatigue, resulting from supratento-
rial structures, and (2) peripheral fatigue, which has a physical, meta-
bolic, or muscular origin. It can be further subdivided as either physical
or mental/cognitive. There is substantial overlap between central and
peripheral processes governing fatigue [3]. In addition, excessive day-
time sleepiness is common following TBI [4] and should be viewed as a
separate but related construct; it should be differentiated from fatigue,
although they often coexist.

91
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Epidemiology

Twenty-one percent of individuals with MTBI complain of fatigue [5]. It
is one of the most common postconcussion symptoms, and may remain
even after other symptoms have resolved [0].

Pathophysiology

Centrally mediated fatigue results from direct injury to central struc-
tures such as the reticular activating system and basal ganglia. A num-
ber of other factors that may contribute to fatigue include depression,
decreased levels of the amino acids tryptophan and tyrosine, and
alterations in cholinergic, serotonergic, and histaminergic pathways
[3]. Endocrine disease, including deficiencies in growth hormone, cor-
tisol, testosterone, and thyroid hormones, can also produce fatigue [7].
In addition, there is evidence to suggest that the injured brain is subject
to fatigue because it needs to “work harder” in order to compensate
for cognitive impairments such as decreased processing speed and
attention [8].

Diagnosis

Clinical Presentation

Fatigue can affect an individual’s cognitive function, ability to suc-
cessfully perform activities of daily living, quality of life, and employ-
ment. When obtaining a history, the line of questioning should help
differentiate between fatigue and sleepiness and should include
identification of possible psychologic, neurologic, or endocrine
abnormalities.

Examination and Laboratory Assessment

Several subjective scales have been used to measure fatigue in brain-
injured patients—Fatigue Severity Scale, Visual Analog Scale for Fatigue,
Fatigue Impact Scale, Barrow Neurological Institute (BNI) Fatigue
Scale, and Cause of Fatigue (COF) Questionnaire. The BNI and COF
Questionnaire were designed specifically for brain-injured patients [3,9].
In their consensus statement on hypopituitarism and TBI, Ghigo et al.
recommend systematic screening for endocrine dysfunction in all patients
with TBI [7].

Treatment

Nonpharmacologic management of fatigue includes the following:
Establish a routine home exercise program with the goal of optimizing
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cardiovascular health and improving physical well-being. Follow good
dietary habits with the goal of weight reduction to improve energy effi-
ciency. Educate patients on appropriate sleep hygiene and address any
treatable sleep disorders. Address depression if present. Introduce com-
pensatory activities and activity modification to conserve energy [3].
Pharmacologic management should be initiated if conservative measures
fail. Management includes discontinuation or appropriate substitution
of any medications with the potential to cause fatigue. One of the most
common problems is the inappropriately prolonged use of anticonvul-
sants. If posttraumatic epilepsy is present, the least sedating medication
should be used.

Few well-designed studies have looked at the use of stimulants
in the management of Posttraumatic fatigue. However, a number of
papers have shown efficacy of stimulants for treatment of decreased
cognition (processing speed, alertness, etc.) in TBI [10]. In other popu-
lations these agents have demonstrated a positive effect on fatigue.
The dopaminergic agents methylphenidate and dextroamphetamine
have demonstrated benefit in treating HIV-related fatigue [11]. These
agents can be dosed to coincide with periods of important activity
during the day. Modafinil, a nondopaminergic agent, thought to work
through histaminergic pathways, has been reported to be of benefit
in stroke, multiple sclerosis, and depression [12]. Ginkgo biloba, an
over-the-counter agent also has some evidence for its efficacy in the
treatment of chronic fatigue syndrome [13]. Endocrine deficiencies
requiring immediate treatment include: diabetes insipidus, adrenal
insufficiency, and secondary thyroid insufficiency. Replacement of
gonadal and growth hormone deficiencies should be postponed until
the need for such therapy is confirmed by appropriate retesting, typi-
cally at least 1 year after injury [7].

BALANCE AND DIZZINESS
Definition

The term dizzy is nonspecific and can refer to presyncopal lightheaded-
ness or a sense of an impeding fainting episode, vertigo or the illusion
of movement, a sense of imbalance, or multisensory dizziness, which
occurs with pathology affecting multiple organ systems [14].

Classification

Dizziness following brain injury can be broadly categorized by etiology
as vestibular and nonvestibular.
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Epidemiology

Dizziness may affect up to 20% to 50% of individuals with mild to mod-
erate TBL. It is also one of the five most common complaints that distin-
guish postconcussive patients from healthy controls [15].

Pathophysiology

The balance system is complex and consists of multiple sensory inputs
including the visual, somatosensory, and proprioceptive systems in addi-
tion to the vestibular end organs. Injury to any of the components can
lead to complaints of dizziness and imbalance [16]. In addition, injury to
the head, which does not necessarily result in TBI, may account for the
symptoms. Vestibular causes are thought to result from ischemia, hem-
orrhage, or direct trauma to one or more components of the vestibular
system. The more common causes are benign positional vertigo that may
result from displacement of calcium crystals from the otoliths into the
semicircular canal, and labyrinthine concussion caused by violent head
movements. Labyrinthine concussion can occur in the absence of a tem-
poral bone fracture and is often used to describe the spectrum of inner
ear symptoms that occur following brain injury. Decreased processing
speed, migraine headache, and concomitant injuries to the visual sys-
tem or musculoskeletal system should also be considered as potentially
affecting the vestibular system’s output [14]. Less common vestibular
causes of dizziness and poor balance include perilymphatic fistula and
posttraumatic Menier’s syndrome. There is little information available in
the literature regarding nonvestibular causes of dizziness following TBI.
Causes likely include positional orthostasis, cervical spine injury, medi-
cations such as antihypertensives and anticonvulsants, hyponatremia,
and rarely vestibular epilepsy [14].

Diagnosis

Clinical Presentation

Symptoms are often poorly or vaguely described. Common complaints
include lightheadedness, feeling drunk, a spinning or rotating sensation, and
balance problems [14]. This condition may contribute to balance difficulty,
falls, problems with transfers and ADLs, as well as psychological distress [14].
A detailed neurotologic history is the most important factor in determining
treatment course, and therefore must be accurately obtained [16].

Examination
Metrics used to assess physical functioning include both objective and
self-reported measures with the Dynamic Gait Index and measures of
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gait velocity being examples of the former; and the Dizziness Handicap
Inventory, Vertigo Handicap Questionnaire, and Vertigo Symptom
Scale being examples of the latter [14]. Balance can also be measured
with metrics such as the Balance Error Scoring System [17]. If benign
positional vertigo is suspected, the Dix-Hallpike test should be per-
formed [16].

Laboratory and Radiologic Assessment

Formal audiometric testing should be obtained, given the anatomic
relationship between the peripheral vestibular and auditory systems.
Radiographic evaluation and laboratory vestibular/balance testing
can confirm a lesion site, but are less likely to drive treatment deci-
sions [16].

Treatment

The most common use of medications is the short-term use of vestibular
suppressants. Vestibular suppressants include anticholinergics (scopol-
amine), antihistamines (meclizine and promethazine), benzodiazapines,
and phenothiazine. Vestibular suppressants have an effect that can
significantly slow the body’s natural compensation process, and can
exacerbate cognitive complaints; they should only be used on a short-
term “as needed” basis. Chronic medication use has little benefit, unless
directed at treatment of secondary causes of dizziness/poor balance such
as migraine headaches or psychologic disorders. Surgery is generally
reserved for cases involving temporal bone fracture or perilymphatic
fistula. Balance rehabilitation therapy (BRT), also known as vestibular
rehabilitation, is the most frequently used form of treatment for dizzi-
ness and vestibular disorders [14,16]. Vestibular rehabilitation employs
balance exercises that enhance central nervous system compensation
for vestibular dysfunction. Although a few studies have looked at BRT in
TBI, some with encouraging results, it is still unclear if this intervention
is effective [14].

WHIPLASH-ASSOCIATED DISORDERS
Definition

The Quebec Task Force on WAD defines whiplash as “...an acceler-
ation-deceleration mechanism of energy transfer to the neck. It may
result from rear-end or side-impact motor vehicle collisions, but can
also occur during diving or other mishaps. The impact my result in a
variety of clinical manifestations” [18].
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Classification

The Quebec Task Force developed the following classification taxon-
omy [19]:

Grade 0 No complaint or physical sign

Grade 1 Neck complaint (pain, stiffness, or tenderness) without
physical signs

Grade 2 Neck complaint with musculoskeletal signs (ROM loss or
tenderness)

Grade 3 Neck complaint and neurologic signs

Grade 4 Neck complaint and fracture or dislocation

Epidemiology

The literature regarding whiplash disorders associated with MTBI is lim-
ited. However, a recent study found all hockey players sustaining concus-
sion complained of symptoms of WAD [20]. The incidence of claims for
whiplash in the general population is 1 to 6 per 1000 people per year.
Most patients recover quickly with only 15% to 20% of patients remaining
symptomatic after 12 months [18].

Pathophysiology

Whiplash is associated with an acceleration-deceleration event. Common
associated injuries include articular pillar fracture and subchondral plate
fracture, annulus fibrosus tear and endplate avulsion/fracture, hemarthrosis
of the facet joint, contusion of the intra-articular meniscus of the facet joint,
rupture of the joint capsule, and anterior longitudinal ligament injury [21].

Diagnosis

Clinical Presentation

Head, neck, and upper thoracic pain typically dominate the clinical pic-
ture, but patients may also complain of dizziness, tinnitus, and blurred
vision. Symptoms are often poorly explained. Initial symptoms are often
delayed for several hours after the injury.

Examination

A comprehensive biomechanical and neurological examination should
be performed. The area of tissue injury and pain generator should be
identified. Look for areas of kinetic chain dysfunction and biomechanical
overload and any adaptive mechanisms.
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Radiologic Assessment

The American College of Radiology’s “Appropriateness Criteria for
Imaging and Treatment Decisions” state that in acutely symptomatic
patients, with or without neurologic deficit, initial cervical spine
imaging is indicated. If there is radiographic evidence of instabil-
ity or focal neurologic deficits, more advanced imaging should be
obtained [22].

Treatment

Acute care consists of reassurance, activity modification, and pain control.
Recommendations of the Quebec Task Force include the following:

® No medications for grade I injury and short-term use of nonsteroidal
anti-inflammatory drugs (NSAIDs) and non-narcotic analgesics for
grades II and III injury.

® Narcotics should not be prescribed for grades I and II, but can be used
for a limited time in grade III injury.

= Muscle relaxants should not be used in the acute phase of treatment.

Although the literature regarding medical management of whiplash
injury is sparse [23], low back pain treatment has been more extensively
studied and may offer additional treatment options. Muscle relaxants
have been shown to be effective in treating muscle spasm associated with
acute low back pain, but are cognitively sedating. Gabapentin and tricy-
clic antidepressants have been used effectively to treat radicular pain [23].
Rehabilitation should focus on identifying and correcting biomechanical
deficits and adaptive patterns in the kinetic chain [19].
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Cognition in Mild
Traumatic Brain Injury
Neuropsychological Assessment

Theodore Tsaousides, Kristen Dams-O’Connor, and
Wayne A. Gordon

GENERAL PRINCIPLES
Definition

Neuropsychological assessment (NPA) is the quantitative and qualitative
evaluation of cognitive, emotional, and behavioral function. Changes
after mild traumatic brain injury (MTBI) can be subtle or pronounced,
temporary or persistent. NPA is essential for accurate diagnosis and treat-
ment of MTBI [1].

Purpose
The purposes of a NPA following MTBI include:

m Identifying/describing the nature and extent of any cognitive deficits
and emotional changes

® Determining the need for treatment and informing the development of
an individualized treatment plan to address the cognitive, emotional,
and behavioral deficits (e.g., cognitive rehabilitation, psychotherapy,
medication)

= Evaluating the effectiveness of interventions in terms of their immedi-
ate and long-term impact on proximal (e.g., specific cognitive prob-
lems) or distal goals (e.g., return to work, social integration)

COMPREHENSIVE NPA

A comprehensive NPA following MTBI consists of a thorough clinical
interview and several hours of testing that may include verbal and non-
verbal tests, paper and pencil tests, motor and constructional tasks, and
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self-report questionnaires. The following are essential components to
comprehensive NPA.

Clinical Interview

A thorough clinical history provides context for understanding the neu-
ropsychological test data and the functional impact of injury-related
changes on daily living. Important issues to address during a clinical
interview following MTBI include:

® Description of the injury—Determine how the injury occurred, dura-
tion of any alteration in mental status (i.e., confusion, posttraumatic
amnesia), or loss of consciousness. Inquire about symptoms that have
begun since the injury occurred [2].

» Comprehensive TBI history—In addition to information about the cur-
rent injury, it is important to determine if a person has sustained mul-
tiple MTBIs, as the effects of these injuries can be additive.

® Review of imaging studies—Inquire about what tests were done in the
emergency room and whether the results are available. Studies show
that only a small percentage of patients with MTBI show positive find-
ings on CT scans [3].

Neuropsychological Testing

The data gathered in a NPA comes from standardized tests designed to
quantify cognitive, emotional, and behavioral functioning.

® Domains—Domains to be assessed following MTBI include attention/
concentration, speed of information processing, learning/encoding of
new information, motor speed, memory, reading speed and compre-
hension, verbal fluency and language use, and executive functions
(problem-solving, planning, organization, decision-making, priori-
tizing, etc.). Assessment of dysexecutive behaviors such as impulsiv-
ity, apathy, risk-taking, irritability, and daily blunders should also be
included.

» Instrument selection—Select tests that are sensitive to the subtle
cognitive changes that are characteristic of MTBI. Tests with a low
ceiling or intended for use as screening tools (i.e., mini mental status
examinations) are not useful in assessing persistent changes related
to MTBI, as these gross measures are unlikely to detect the impair-
ments in higher-order cognitive abilities that are characteristic of
MTBI.

m Assessment of mood—Emotional distress may exacerbate the person’s
perceptions of the extent of their cognitive deficits and compound
their functional impairments [2]. Individuals with MTBI commonly
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experience depression, anxiety, and emotional dysregulation. These
changes in mood may be related to the injury event itself, or may
be secondary to functional impairments (e.g., absence from work or
school), physical injuries, pain, and fatigue. Posttraumatic stress dis-
order (PTSD) can co-occur with MTBI, particularly when the circum-
stances leading to the injury were traumatic or combat-related [4].

® Functional relevance—Select tests to evaluate cognitive and behav-
ioral domains that are particularly important for an individual’s day-
to-day functioning. For example, it may be important to assess reading
efficiency in college students, math calculation skills in accountants,
sustained attention in truck drivers, and so on.

Interpretation of NPA Data

Comprehensive NPA data should be interpreted in the context of an indi-
vidual’s educational, vocational, and social functioning.

= Quantitative versus qualitative data—Diagnostic and treatment plan-
ning decisions following MTBI should rely both on scores obtained
from standardized tests, as well as detailed clinical observations.
While quantitative test scores allow comparisons of an individual’s
abilities to normative samples and estimates of preinjury function,
qualitative data gained through clinical observation provide rich
information that can support the interpretation of objective test
scores. For example, an individual’s inability to arrive on time for
a testing session may provide information that supplements tests of
executive functioning [1].

m Relative versus absolute impairments—Absolute impairments are indi-
cated by very low test scores. In contrast, relative impairments are
reductions in functioning relative to the individual’s levels of premor-
bid functioning. Estimates of premorbid function are based on educa-
tional and vocational history and on tests designed to assess premorbid
cognitive ability (e.g., Wechsler Adult Reading Test, Test of Premorbid
Function, and National Adult Reading Test). Relative impairments are
not necessarily reflected in objectively low (i.e., below average) test
scores. However, both absolute and relative impairments may have
significant impact on daily functioning, as well as occupational and
social-role performance. Individuals with MTBI may show no absolute
impairments, but show relative impairments that considerably affect
their ability to function. For example, a person who performs within
the “average” range following MTBI may have performed in the “high
average” or “superior” range prior to their injury. Thus, this person’s
current “average” range score does not reveal the extent of his or her
current impairments [1].
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m Mitigating factors—Performance on NPA following MTBI can be
affected by physical, cognitive, and emotional factors. For example,
headaches, dizziness, fatigue, visual impairments, and drowsiness due
to medication may interfere with test performance. Anxiety, depres-
sion, and low motivation may affect test performance negatively.
Incentive to manifest disability for secondary gain is an additional
mitigating factor that may affect test performance. Effort and malinger-
ing tests should be included in NPAs, especially when there is current
or future potential for secondary gain [1].

Feedback and Recommendations Following the Assessment

m Feedback—TIt is appropriate to provide feedback to the client and his or
her family about the findings of NPA. Feedback should be provided in
language that is understandable to the client/family members. Allow
the client and family the opportunity to ask questions.

= Recommendations

m Treatment planning—Use the results of the NPA to identify appro-
priate interventions, based on the cognitive strengths and weak-
nesses revealed in the assessment. Cognitive rehabilitation, which
provides training and education to maximize cognitive function-
ing and minimize the functional consequences of neurocognitive
impairments, is usually the treatment of choice following MTBI.

m Assist with vocational/educational planning—Use the data to
assess an individual’s ability to return to their prior occupational or
educational pursuits and whether previously identified career goals
are attainable in light of the individual’s profile of deficits.

®» Accommodations—For individuals able to return to work or school,
use the data gathered from the NPA to assess the type and degree of
accommodations needed in order to optimize success. Examples of
accommodations include extended time allowance during exams,
frequent rest breaks, or use of a computerized calendar with
embedded reminders and cues to improve organization and time
management.

m Referrals for further evaluation or diagnostic testing—Determine
whether the observed sequelae of MTBI require additional diagnostic
evaluations by another specialist and make appropriate referrals.

OTHER TYPES OF ASSESSMENT FOLLOWING MTBI
Brief Cognitive Assessments

Brief cognitive assessments are routinely performed by a variety of health
professionals (physicians, nurses, physical therapists, occupational
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therapists, speech pathologists, etc.) to assess presence of cognitive defi-
cits. Several brief screening instruments exist (e.g., Mini Mental Status
Exam, Montreal Cognitive Assessment, Clock Drawing Test). Although
these instruments may be useful in detecting gross impairments, they are
unlikely to detect the subtle changes in cognitive functioning. Indeed,
most individuals with MTBI will perform these assessments without any
difficulty despite having demonstrable impairments when given more
extensive NPA. Therefore, clinicians should not rely on brief assess-
ments to identify post-MTBI cognitive deficits or changes in cognitive
function.

Computerized Assessments

Several computerized cognitive tests (CCTs) have been developed to
assess changes in cognition. CCTs are used widely for assessing sports-
related injuries. Examples of popular CCTs include the Cambridge
Neuropsychological Test Automated Battery (CANTAB), the Automated
Neuropsychological Assessment Metrics (ANAM), and the Immediate
Postconcussion Assessment and Cognitive Testing ImPACT).

m Advantages—Availability of alternate forms, good test-retest reliabil-
ity, minimal practice effects, output that provides performance and
variability-in-performance indices, shorter administration time, acces-
sibility, and automation of administration, scoring, and data storage.

® Disadvantages—Little normative data exist for CCTs and the reliability
and validity of these assessments has not been adequately demon-
strated. Test results still require interpretation by a trained clinician.
The relationship between test scores and functional impact is not
always evident [5].

ISSUES RELATED TO NPA FOLLOWING MTBI
Timing of NPA

Given the nature of MTBI, a different clinical profile is likely to emerge
as a function of the time since injury, as well as the number of injuries.

= Immediate assessment (0 to 3 months post injury)—Acute symptoms
are assessed with brief screening tools that can be administered soon
after the injury, for example, on the sidelines after sports-related con-
cussion, bedside in an emergency room or physician’s office. These
brief assessments typically examine orientation, posttraumatic amne-
sia, reaction time, verbal comprehension, and recall. In addition, the
presence of physical symptoms, such as headaches, dizziness, or
imbalance should be evaluated [6].
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® Assessment more than 3 months post injury—MTBI may result in cogni-
tive and emotional changes that persist for months and even years post
injury. Cognitive domains affected may include attention, reaction time,
learning and memory, executive dysfunction, and verbal fluency [7-10].

Examiner Qualifications

Formal graduate school training in neuropsychology, clinical and cogni-
tive psychology, and supervised training in NPA is required.

Repeated Testing

Comprehensive NPAs should not be repeated in intervals of less than 12
months, because practice effects secondary to frequent testing with simi-
lar measures can threaten the validity of subsequent NPAs. Moreover,
physicians and rehabilitation clinicians should avoid using common neu-
ropsychological measures to conduct “check-up” cognitive evaluations
during office visits, because this provides another threat to measurement
validity in subsequent NPAs.
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Is There a Risk of Late
Development of Dementia?

William B. Barr

GENERAL PRINCIPLES

Mild traumatic brain injury (MTBD is associated with short-lived altera-
tions in attention, processing speed, and memory retrieval. Results of
meta-analyses demonstrate that MTBI has little or no effect on cogni-
tive functioning beyond the first 3 months following the initial injury
[1]. Findings regarding a role for MTBI as a risk factor for dementia are
inconclusive, although this remains a topic of heavy debate among health
care professionals.

Definitions

Dementia is commonly defined as a neurodegenerative condition charac-
terized by decreased intellectual functioning, memory impairment, and
decrements in other cognitive domains including language, executive
functions, or visual perception.

Classification
Multiple forms of dementia are linked to TBI.

= Alzheimer’s disease (AD) is a common neurodegenerative disor-
der, which accounts for approximately 50% to 60% of all age-related
dementia. It afflicts 8% to 10% of the population above the age of 65
and almost 50% above the age of 85 [2]. The relationship between TBI
and AD remains inconclusive. Several case control and epidemiologic
studies indicate that TBI is a general risk factor for developing AD and
report odds ratios ranging from 3.5 to 13.75 [3]. Other studies have,
however, failed to replicate these findings.
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Mild cognitive impairment (MCI) is a preclinical phase of dementia
characterized by memory impairment with a preservation of global
cognitive functions and daily living skills. Individuals with this condi-
tion progress to an onset of AD at a much higher rate than their peers.
Studies of professional athletes have suggested a fivefold increase in
the rate of MCI in those with a history of two or more occurrences
of MTBI [4]. The link between MCI and MTBI has not been explored
adequately in larger scale epidemiologic studies.

Chronic traumatic encephalopathy (CTE) is a long-term conse-
quence of repetitive MTBIs. It has been estimated that CTE develops
in 20% of all professional boxers [5]; there have also been a number
of reports that it occurs in professional football players [6]. A grow-
ing number of investigators believe that this condition may be more
prevalent than originally thought.

Etiology

TBI is thought to provide one of the major environmental factors
responsible for the development of AD. Many investigators believe that
the majority of cases of MCI are caused by the same factors responsible
for AD [2].

Frequent MTBIs are considered the major etiological factor in CTE.
Genetics, including the APOE genotype might also play a role in the devel-
opment of CTE, particularly in those with years of exposure to TBI [7].

Pathophysiology

Brain changes in AD are characterized by widespread cell loss, partic-
ularly in the hippocampus, entorhinal cortex, and adjacent neocortex.
The disease is also characterized by the presence of neuritic plaques
and neurofibrillary tangles, which are primarily the result of extracel-
lular deposition of B-amyloid and the intracellular aggregation of tau
protein, respectively [8]. The pathological process underlying MCI is
thought to resemble an early evolving form of AD.

There is experimental and postmortem evidence that production and
accumulation of -amyloid occurs within hours of a TBI [9]. Findings
suggesting an interaction between head injury and APOE &4 are con-
sistent with a hypothesis that head injury enhances the production of
neuritic plaques by increasing the expression of APOE. Other mecha-
nisms linking TBI to AD include neuronal loss, persistent inflamma-
tion, and cytoskeletal pathology.

The pathological characteristics of CTE include cerebral atrophy, sep-
tal and hypothalamic anomalies, cerebellar changes, degeneration
of the substantia nigra, and a dense regional occurrence of neurofi-
brillary tangles. CTE shares many features with AD pathology, with
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tau-immunoreactive neurofibrillary tangles seen most prominently.
Neuritic plaques are present in less than half of the cases.

DIAGNOSIS

A confirmed diagnosis of AD or CTE can only be made postmortem.
Diagnoses provided antemortem are limited to the classification of “prob-
able” forms of dementia based on a combination of history, clinical pre-
sentation, and neuroimaging findings.

Risk Factors

m Age is the strongest risk factor for development of AD with the likeli-
hood of developing the condition doubling every 5 years after age 65.
By the age of 85, the risk approaches 50%. Risk is increased in patients
diagnosed with MCI. Inheritance is another strong risk factor for AD,
consistent with the genetic model. First-degree relatives of individu-
als with late onset AD have a 50% chance of developing the disorder.
There is also some evidence that the condition appears more often in
males. Individuals who are healthy and mentally active are thought to
be less susceptible to developing AD as are those with stronger intel-
lectual functioning and higher levels of educational attainment [10].
Brain injury survivors with lower levels of education are known to
develop dementia sooner than age-matched cohorts.

m Age, combined with degree of exposure (i.e., number of MTBIs) appear
to be the greatest known risk factors for developing CTE.

Clinical Presentation

» The clinical features of AD typically develop in a slow and insidious
manner, although symptoms developing over years might appear to
have arisen abruptly in the context of a medical illness or in response
to radical environmental changes. Memory impairment (difficulty
retaining new information) is the major feature of AD; memory for
information from events occurring years ago remains relatively intact.
Difficulties with language are also observed, often initially character-
ized by a tendency to grope for words. Paucity of speech is observed
during later stages of the illness. Other cognitive difficulties include
problems with executive function and higher-order visual skills.
Behavioral and affective features are also prominent. Symptoms of
depression are seen in approximately 25% of AD patients [11]. Some
may develop agitation and a tendency to wander secondary to con-
fusion. Motor symptoms, such as gait changes, can be seen in latter
stages of the illness. There is no known difference in the signs seen in
AD patients with versus without a history of TBI [3].
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m CTE also begins with subtle cognitive changes in addition to more
prominent motor symptoms than AD [5]. Cognitive impairments
involve attention, memory, and executive dysfunction. The classical
presentation is similar to what has been associated with a “subcortical”
form of dementia. Early motor symptoms include balance difficulties,
tremor, and dysarthria, followed by ataxia and signs of parkinsonism.
Behavioral features include irritability and general disinhibition.
Affected individuals may show signs of the disorder during the later
stages of their playing careers, with nearly half developing symptoms
within 4 years of their retirement.

Physical Examination

m A detailed physical and neurological examination, and routine labora-
tory testing is recommended in patients with suspected AD or CTE to
rule out “reversible” causes of dementia, such as hypothyroidism, vita-
min B, deficiency, central nervous system infection, or toxic effects
of alcohol or drugs. It is also important to rule out basic disorders of
visual acuity or auditory perception that might affect one’s ability to
encode new information.

Diagnostic Evaluation

m There is no definitive biological marker for AD or CTE. Neuropsy-
chological testing is helpful in documenting impairment in cognitive
function at the early stage of all forms of dementia. Standardized neu-
ropsychological methods also provide an objective means of tracking
the course of these disorders through serial testing.

Neuroradiographic Assessment

m Structural imaging using computerized tomographic (CT) scan or mag-
netic resonance imaging (MRI) in patients with suspected AD will com-
monly demonstrate generalized atrophy. However, these findings are
nonspecific to the effects of AD. Studies using functional brain imaging
methods such as fluorodeoxyglucose-positron emission tomography
(FDG-PET) or single photon emission computed tomography (SPECT)
have indicated that decreased metabolism and perfusion of the parietal
lobes and medial temporal regions are a sensitive indicator of AD [11].
Imaging findings are not helpful in making the distinction between
MCI and AD, and their application remains largely experimental.

= Many of the structural imaging findings demonstrated in AD are also
found in CTE. Identification of a cavum septum pellucidum is an addi-
tional finding from structural imaging that appears to be relatively
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specific to CTE [6]. MRI is generally considered more sensitive than
CT for detecting cerebral contusions, small subdural hematomas, and
white matter abnormalities. Diffusion tensor imaging (DTI) may be
used to assess large-scale axonal integrity in CTE. Functional imaging
studies have demonstrated more abnormalities in frontal and temporal
regions in CTE than is commonly seen in AD [6].

TREATMENT

® The primary pharmacological strategy for treating memory disturbance
in AD involves the use of cholinesterase inhibitors such as donepezil,
rivastigmine, or galantamine [11]. Studies focusing on treatment of mild-
to-moderate forms of AD have shown marginal benefits in cognition and
behavior. Side effects include nausea, dizziness, gastrointestinal irrita-
tion, and weight loss. Memantine, an N-methyl-p-aspartic acid (NMDA)
receptor agonist, has been shown to be effective as an add-on medication
in moderate to severe AD. The existence of more severe behavioral issues
including aggression and psychotic symptoms might necessitate addi-
tional treatment with antipsychotic medications such as olanzapine.

m» Empirical evidence for treating CTE is lacking. Strategies for treat-
ing the cognitive and behavioral components of CTE generally follow
those applied in treatment of AD. The major exception is that a number
of individuals with CTE also exhibit signs of parkinsonism, which can
be treated with dopamine agonists such as carbidopa/levodopa.
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Postconcussion Syndrome

Diagnostic Characteristics and
Clinical Manifestations

Erica Wang and Felise S. Zollman

[Note that throughout this text you will see the terms Post Concussion Syndrome
(PCS) and Post Concussion Disorder (PCD) used interchangeably. While there is
some controversy as to which term is more appropriate, both are presented here
based on author preference and the specific context of the information provided.]

GENERAL PRINCIPLES
Definition

Although there is no universally accepted definition of postconcus-
sion syndrome (PCS), the Diagnostic and Statistical Manual of Mental
Disorders, fourth edition (DSM-IV) [1] and the International Classification
of Diseases, 10th Revision (ICD-10) [2], each have established criteria for
the diagnosis of PCS.

DSM-IV Criteria

= A history of head trauma that causes “significant cerebral
concussion”

® Objective evidence (e.g., neuropsychological testing) of deficits in
attention or memory

= A minimum of three of the eight following symptoms must be present
and persist for at least 3 montbs:

Easily fatigued

Disordered sleep

Headache

Vertigo or dizziness

Easily provoked irritability or aggression

Ancxiety, depression, or emotional lability

Apathy or lack of spontaneity, motivation, or initiation
Personality changes or inappropriate behavior

= Symptoms begin or worsen after brain injury

m Significant decline from previous level of functioning as demonstrated
by interference in social, occupational, or academic functioning

= Symptoms do not meet criteria for dementia due to head trauma and
are not better accounted for by another disorder
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ICD-10 Criteria
® A history of head trauma with loss of consciousness
m At least one symptom from three of the following six groupings:

m Headache, dizziness, general malaise, excessive fatigue, or noise
intolerance

m Irritability or emotional lability that is easily provoked; may be
accompanied by depression and/or anxiety

m Subjective complaints of difficulty with concentration, memory,
or performing mental tasks without clear objective evidence of
impairment

= Insomnia

®m Reduced tolerance of alcohol, stress, or emotional excitement

® Preoccupation with symptoms, fear of permanent brain damage
and/or adoption of sick role

In every circumstance, before diagnosing PCS, one must first ascertain
that a precipitating traumatic brain injury (TBD did in fact occur. This is
based on identifying (1) a mechanism of injury likely to have resulted in a
TBI, and (2) a temporally associated change in neurologic function or onset/
exacerbation of neurologic symptoms. In the absence of this, the occurrence
of a TBI cannot be asserted and therefore PCS cannot be diagnosed.

Epidemiology

The literature widely cites estimation that 1 year after injury, approxi-
mately 10% to 20% of persons will have persistent symptoms of PCS [3].
However, accurate incidence and prevalence of PCS truly has not been
established despite decades of research, largely because of limitations in
subject recruitment (i.e., not all persons who suffer a MTBI come to medi-
cal attention) [4].

Pathophysiology

The initial symptom constellation reflects the neurometabolic cascade
that occurs immediately following a mild traumatic brain injury (MTBD).
Symptom persistence, however, is influenced by a variety of factors
that ultimately affect how persons perceive their symptoms after MTBI.
Such confounding factors include personality traits, affective disorders,
chronic pain disorders, medication side effects, diagnosis threat, exag-
geration, and malingering, among others [5] (see Figure 17.1).
Selected factors are discussed in more detail in the following:

® Personality

m Five personality traits are considered vulnerable to poor outcome:
the overachieving, the dependent, the insecure, the grandiose, and
those with borderline personality characteristics [6].
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m Social-psychological

m Nocebo effect—symptoms are caused by expectation of experienc-
ing certain symptoms and problems after injury

m Diagnosis threat—adverse effect on task performance by highlight-
ing history of head injury [7].

m Stereotype threat—negative stereotype associated with having an
injury adversely affects task performance

® Good-old-days bias—overestimation in difference between pre-
and postinjury symptoms/functioning [8].

= Symptom exaggeration—amplification of symptom or sign that has
true physiological or psychological basis; most commonly seen in
cases involving personal injury litigations, Worker’s Compensation
claims, and disability evaluations [9].

® Malingering—intentional exaggeration of symptoms or feigning symp-
toms for an external reward; less common than symptom exaggeration

Structural
Brain Damage Functional/
Malingering Neuro-
metabolic

Exaggeration \\4 // Depression
R;;?:\:ic;rd \ / Chronic Pain
Symptom

Reporting

“Good Old \ Chronic

Days” Bias Headaches
Expectations & / \ Anxslety/ St'ress/
X - omatic
Misattribution

Preoccupation

Nocebo N .
Effect/Diagnosis Medléfaftmn Side
Threat ects
latrogenesis

Figure 17.1 Factors which may influence symptom persistence post MTBI.

DIAGNOSIS

Clinical Presentation

® Most common early symptoms include fatigue, headache and diz-
ziness/lightheadedness. Other common symptoms include blurry/
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double vision, irritability, poor concentration, impairment in memory
and attention, sensitivity to light/noise, and sleep disturbance [10].

® Diagnosis of PCS is based on symptom presentation and is nonspecific.
Healthy persons as well as persons with a variety of conditions (e.g.,
depression, fibromyalgia, chronic pain, posttraumatic stress disorder,
orthopedic injuries, whiplash) frequently report symptom constella-
tions that can meet criteria for PCS in the absence of head injury [11]
(see Table 17.1).

Table 17.1 Percentages of Subjects Endorsing Symptoms at a Mild or
Moderate-Severe Level (British Columbia Post-concussion Symptom Inventory.)

Healthy Community Patients With  Patients With

Volunteers Depression Fibromyalgia
Moderate- Moderate- Moderate-
Items Mild Severe Mild Severe Mild Severe

Headaches 19.6 3.2 59.4 28.1 72.2 37.0

Dizziness/light- 11.4 1.3 31.2 109 37.0 7.4
headed

Nausea/ 133 0.0 40.6 109 35.2 18.5
feeling sick

Fatigue 27.8 5.1 85.6 57.8 96.3 79.6

Extra sensitive 11.4 1.3 50.0 18.8 68.5 444
to noises

Irri lab It- 215 5.1 76.6 359 53.7 259

Sadness 18.4 1.3 76.6 56.3 55.6 33.3

Nervous or 16.5 1.3 65.6 359 59.3 33.3
tense

Temper 15.8 5.1 375 15.6 27.8 7.4
problems

Poor 16.5 3.2 78.1 469 75.9 44.4
concentration

Memory 13.3 3.8 70.3 42.2 74.1 444
problems

Difficulty 8.2 19 40.6 23.4 48.1 24.1
reading

Poor sleep 22.8 5.1 78.1 53.1 87.0 59.3

Healthy adults (N = 158), patients with depression (N = 64), and patients with fibro-
myalgia (N = 54). Patients with depression were diagnosed by their family physician
or psychiatrist., and their diagnosis was confirmed using the SC1D-I. Their average
age was 41.1 years (SD = 12.5). and their average education was 14.6 years (SD = 3.2).
Approximately 71% of the sample was female. The patients with fibromyalgia were
mostly women (94%). Their average age was 51.4 years (SD = 12.8, Range = 17-75).
Their average education was 13.5 years (SD = 2.4, Range = 7-20)
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Evaluation

® Because the clinical presentation of PCS is nonspecific, PCS should be
considered a diagnosis of exclusion.

m Obtain a detailed history of the injury, ascertaining that an inciting
TBI did in fact occur, and a description of the onset and progression
of symptoms.

m Neuropsychological testing may be beneficial in more thoroughly
characterizing the nature/extent of cognitive/behavioral/affective
deficits, if any, in establishing a baseline, and as an educational tool
regarding areas of strength and weakness. Caution must be exercised
in interpreting results, however, because many of the aforementioned
confounding factors (e.g., mood disorder, medication use, and malin-
gering) can result in significant abnormal test results even in the
absence of TBI (see Figure 10.2).

» Differential diagnosis includes, but is not limited to, cervical injuries
and whiplash-associated disorders (resulting in headaches), chronic
pain syndromes, depression/dysthymia, anxiety disorders, posttrau-
matic stress disorder, and iatrogenesis/medication side effects. Before
concluding that the patient’s symptoms are due to PCS, the provider
must evaluate and treat confounding problems that may account for
the clinical presentation (e.g., pain, insomnia, mood disorder, and
medication side effects).

TREATMENT

Management of PCS is discussed in detail in the following chapter. Basic prin-
ciples include (1) addressing and treating confounding factors, (2) education/
reassurance, (3) introduction of behavioral modifications/lifestyle changes if
indicated, and @) judicious, modest use of medication where appropriate.

ADDITIONAL READING
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Postconcussion Syndrome
Symptom Management

William C. Walker and Richard D. Kunz

TREATMENT OF POSTCONCUSSION SYNDROME
Introduction

A “miserable minority” of patients who sustain mild traumatic brain
injury (MTBI; concussion) have symptoms that persist beyond several
months. Such lingering symptoms are termed postconcussion syndrome
(PCS), which is further defined in Chapter 19. The focus of this chapter
is the treatment of PCS; for the treatment of MTBI refer to Chapter 10.
Evidence to guide treatment of PCS in the form of randomized controlled
trials is lacking, but review of the literature reveals a relative expert con-
sensus concerning appropriate treatment principles. This chapter will
review these principles along with author recommendations on specific
interventions.

General Principles of PCS Management

= Management of postconcussion symptoms should focus on promoting
recovery and avoiding harm.

m Patients with prolonged symptoms are suffering, distressed, and in
need of guidance, education, support, and understanding.

® A patient-centered approach should be used to provide the needed
reassurance and motivation.

m Treatment of somatic complaints (e.g., insomnia, dizziness/incoordi-
nation, nausea, alterations of smell/taste, appetite problems, vision/
hearing changes, numbness, and fatigue) should be based on indi-
vidual factors and symptom presentation.

= Any medications added for symptom control must be carefully
prescribed after consideration of sedating properties or other side
effects.

m In patients with persistent postconcussion symptoms (PPCS) that
have been refractory to treatment, consideration should be given to
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other factors including psychiatric, psychosocial support, and issues
of compensation/litigation.

One effective semiquantitative way to monitor the course of PCS and
success of applied treatments is by quantifying the number and intensity
of individual symptoms using one of the available standardized inven-
tories such as the Postconcussion Syndrome Checklist [1], Rivermead
Post Concussion Symptoms Questionnaire [2], or Concussion Symptom
Checklist [3].

Education

Education is the mainstay of PCS treatment. Bell et al., [4] recently
reported a randomized controlled trial in which patients with concussion
who received telephone counseling, focused on education and symptom
management, showed significantly less PCS symptoms at 6 months post
injury compared to patients who received standard hospital discharge
materials.

Assure the patient that symptoms are part of the normal recovery
process, and not signs of permanent brain dysfunction.

Noncontact, aerobic, and recreational activities should be encouraged
within the limits of the patient’s symptoms; increased headache or
irritability suggests that this level has been exceeded.

Encourage resumption of occupational, educational, and social
responsibilities in a graded fashion to avoid the perception of stress
or fatigue.

Ascertain current sleep/wake cycle and provide counseling regarding
appropriate sleep hygiene (see Table 18.1).

Provide printed and verbal material.

TABLE 18.1 Education for Sleep Hygiene

Good sleep hygiene:

Avoid going to bed too early in the evening

Avoid stimulants, caffeinated beverages, power drinks, and nicotine
during the evening

Avoid stimulating activities before bedtime (e.g., exercise, video
games, TV)

Avoid alcohol

Restrict the nighttime sleep period to about 8 hours

Wake up at a regular time in the morning (e.g., 7 am)

Arise from bed at a regular time in the morning (e.g., by 8 am)

Reduce (to less than 30 minutes) or abolish daytime naps

Engage in daytime physical and mental activities (within the limits
of the individual’s functional capacity)
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Physical Rehabilitation

A general exercise program that includes strength training, core stabil-
ity, aerobic activities, and range of motion is ideal.

Gradually increase duration and intensity to accommodate the activity
intolerance and fatigue that is commonly associated with PCS.
Targeted vestibular, visual, and proprioceptive therapeutic exercise
is recommended for persistent dizziness, disequilibrium, and spatial
disorientation impairments based on evidence of efficacy in different
populations with vestibular disorders [5-7].

Patients with vestibular disorders who received customized programs
showed greater improvement than those who received generic exer-
cises [6].

Targeted therapeutic exercise is also recommended for any persisting
focal musculoskeletal impairments.

If a person’s normal activity involves significant physical activity, exer-
tional testing (i.e., stressing the body) should be conducted before
permitting full resumption.

Psychological Treatment

Psychological treatment early after sustaining MTBI may protect
against developing PCS. Meta-analysis of the literature suggests that
patients who receive brief psychological treatment after MTBI have a
significantly reduced incidence of persisting PCS compared to patients
who receive standard acute care [8].

Treatment typically includes additional education, reassurance, and cog-
nitive restructuring—the reattribution of symptoms to benign causes.
Efficacy data is lacking once PCS is established, but physicians often
include psychologist referral in their treatment plan [9]. In these
authors’ opinion, referral to a neuropsychologist or psychologist with
expertise in PCS is indicated when there is failure to respond to initial
treatments, worsening stress, deterioration in function, or impairment
in vocational or social function.

Cognitive Rehabilitation

Patients who have cognitive symptoms that do not resolve or have been
refractory to treatment should be considered for referral for neurop-
sychological assessment. Individuals with memory, attention, and/or
executive function deficits that do not respond to initial treatment (e.g.,
reassurance, management of sleep dysfunction, mood disorders, and
somatic complaints) may benefit from cognitive therapy (e.g., speech and
language pathology, neuropsychology, or occupational therapy) for com-
pensatory training (e.g., use of external memory aids such as a personal
digital assistant [PDA] or pocket notebook).
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PHARMACOLOGIC MANAGEMENT OVERVIEW

Postconcussion symptoms are frequently treated with medications
despite the paucity of randomized controlled trials. A survey by Evans
et al. [8] of treatments prescribed by a representative sample of physi-
cians showed that nonsteroidal anti-inflammatory analgesics were most
often recommended. Antidepressant medications were the second most
commonly prescribed overall, and the treatment preferred by neurolo-
gists. Where evidence-based data exists to direct pharmacotherapeutic
decision-making, it will be presented; where such data is not presented,
the recommendations made represent the opinions of the author.

Thorough medication reconciliation is crucial. The existing medication
list should be reviewed for agents that can cause neurologic abnormali-
ties (centrally acting medications, pain medications, etc.). If a medica-
tion with neurologic side effects is identified, consider discontinuing or
decreasing dose and re-evaluate after 1 week.

Headache Pharmacologic Management

Headache is the most common PCS symptom. Management should be
tailored to the subtype of headache (see Chapter 55 for a detailed discus-
sion of this subject).

Mood Disorders Pharmacologic Management

m Anxiety and depression symptoms can be treated with a variety of
medications. The choice is usually dictated by comorbid symptoms
and the side effect profile of the various agents.

® In general, selective serotonin reuptake inhibitors (SSRIs; e.g., sertra-
line, citalopram, fluoxetine, paroxetine) are preferred first line agents
because of their relatively benign side effect profiles and lower cost
generic availability. Serotonin-norepinephrine reuptake inhibitors
(SNRIs; e.g., duloxetine, venlafaxine) and atypicals (e.g., mirtazapine,
bupropion) may also be considered.

= In the authors’ experience, irritability and anger also often respond
to the aforementioned antidepressants. The antiepileptic mood stabi-
lizers (e.g., valproic acid and carbamazepine) may also be acceptable
options, especially if neither depression nor anxiety is prominent.

Fatigue Pharmacologic Management

» Fatigue symptoms may be secondary to comorbid conditions. After
conditions such as depression, insomnia, and sleep apnea have been
ruled out or treated, stimulant medications may be appropriate.
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An activating antidepressant (e.g., flouxetine) is a reasonable agent to
try initially. If the patient is already on an antidepressant medication,
consider switching to one with a less sedating profile.
Amphetamine-like stimulants (e.g., methylphenidate and dexedrine)
may be beneficial, although careful monitoring is needed given their
abuse potential.

Modafinil, a medication approved by FDA for narcolepsy and shift
work sleep syndrome, is a higher cost alternative. However, a study of
53 patients on an average of 6 years after TBI severe enough to require
inpatient rehabilitation showed no consistent benefit for fatigue or
excessive daytime sleepiness [10].

Amantadine has mixed evidence of efficacy for fatigue symptoms in
multiple sclerosis and is considered by some to be an option for PCS-
related fatigue.

Sleep Dysfunction

Primary sleep disorders should be considered and ruled out with a
sleep study as indicated.

Additional behavioral interventions should be considered and are pre-
ferred over pharmacotherapy, including meditation, relaxation train-
ing, and white noise devices.

» Benzodiazepines should be avoided.
® Additional management recommendations can be found in Chapter 54.

Dizziness and Disequilibrium

Medication review and reconciliation is crucial because numerous
medications have dizziness as a potential side effect.

Vestibular suppressants (e.g., meclizine) might be helpful during the
acute period of several vestibular disorders but have not been shown
to be effective in chronic dizziness after concussion [11].

The mainstays of treatment for persisting symptoms are the afore-
mentioned vestibular exercises in combination with habituation and
coping strategies.

Specific treatments may be indicated for some subtypes (e.g., Semont
and modified Epley maneuvers for benign paroxysmal positional
vertigo).

ADDITIONAL READING
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Confounding Factors in
Postconcussive Disorders

Nathan D. Zasler

INTRODUCTION

The diagnosis of postconcussive disorders may be complicated by a num-
ber of confounding factors. The purpose of this chapter is to identify
some of these issues and provide guidelines for addressing them. Even
if a concussion (i.e., mild traumatic brain injury [MTBI]) is diagnosed
based on neurological criteria at the time of an accident, one cannot
necessarily conclude that symptoms ascribed to the event at the time of
subsequent examination are in fact causally related, nor for that matter
that physical findings are attributable to the claimed concussive injury.
The temporal onset of symptoms, as well as their nature, severity, fre-
quency, and response to treatment must be considered in assessing both
causality and apportionment in the context of differential diagnosis after
claimed MTBI. Clinicians need to consider all potential confounding
issues that make assessing and managing this group of patients so chal-
lenging [1,2].

NOMENCLATURE

m Cerebral concussion (Latin: commotion cerebri) is a phraseology that
has been used since the time of Hippocrates, although not always to
reference mild forms of brain insult. There remains some confusion
and debate as to whether concussion and MTBI are analogous.

m The phrases “brain injury” and “head injury” are often used inter-
changeablely, although these are two distinct terms. The former
describes insult/trauma to the cerebrum and the latter connotes trau-
matic injury to the cranium or its surrounding structures.

® Postconcussion syndrome (PCS)—by common medical parlance, a
syndrome is a consistent set of signs and/or symptoms that occur
together to define a condition; however, the use of the phrase PCS is
really a misnomer because the signs and symptoms that follow concus-
sion are inconsistent across patients.
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Postconcussion disorder (PCD)—this term was introduced in the psy-
chiatric literature in the American Psychiatric Association’s Diagnostic
and Statistical Manual of Mental Disorders (DSM); however, there is
no evidence-based literature to support all the criteria endorsed in
the definition (see following section) nor any consensus on the use of
the definition outside of psychiatry. The terms PCS and PCD are used
interchangeably in clinical practice.

DIAGNOSTIC CRITERIA

Although there are no internationally agreed upon diagnostic criteria for
concussion, there are a plethora of definitions [1]:

The World Health Organization’s International Statistical Classification
of Diseases and Related Health Problems (ICD-10) proposed a set of
research based criteria for PCS, which required head trauma and loss
of consciousness (LOC) preceding the onset of symptoms by a period
of up to 4 weeks, and having symptoms in at least three of six symptom
categories. There are a number of problems with this criteria including
the assumptions that the six symptom categories actually occur reli-
ably as symptom clusters (as opposed to being empirically grouped),
that subjective cognitive complaints have any substantive positive cor-
relation with objectively measured ones, and that the various symp-
toms included in the six categories are pathognomonic for MTBI.
The American Congress of Rehabilitation Medicine (ACRM) defined
MTBI as 30 minutes or fewer of LOC, 24 hours or fewer of posttrau-
matic amnesia (PTA), and a Glasgow Coma Scale (GCS) score of 13 or
more. The criteria have been criticized for not being more formalized,
the inclusion of a broad range of injury severity, and the over-reliance
on subjective patient report.

In 1994, the American Psychiatric Association’s DSM defined MTBI
using PTA and LOC; however, this definition uses terminology incon-
sistently (e.g., closed head injury and cerebral concussion) and includes
seizures as an injury severity marker, although seizures in MTBI occur
at about the same rate as de novo epilepsy in the general population.
The Centers for Disease Control Working Group developed a concep-
tual definition for MTBI in 2003 that more thoroughly addressed the
nature of the injury, delineated common observed and/or self-reported
symptoms but also qualified that the diagnosis could not be made in the
absence of alteration in consciousness at the time of the initial injury.
The most recent attempt at formulating guidelines for assessment and
management was in 2008 in Zurich, Switzerland and was organized
by the International Olympic Committee Medical Commission and
other sports federations [3]. The panel members did not analogize
MTBI with concussion but did provide a definition of concussion that
is probably the most complete and well thought out of the definitions
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currently available (see http://www.sportconcussions.com/html/
Zurich%20Statement.pdf)

DIFFERENTIAL DIAGNOSTIC ISSUES

The aim of evaluation following a claimed concussion should be to
appropriately understand the preinjury, injury, and postinjury history
to facilitate accurate diagnosis of concussion and/or PCS. Thorough and
appropriate differential diagnosis requires pursuing differential etiolo-
gies for the presenting symptoms and/or signs and understanding the
myriad “pathologies” that might produce symptoms attributed to concus-
sion but that in fact have noncerebral etiologies [4-6].

History

Obtaining a detailed history about preinjury, injury, and postinjury
symptoms and signs can be very helpful in elucidating the true nature
of the patient’s current complaints and their accurate apportionment [2].
Interviewing other parties who may have knowledge of the patient prior
to the injury in question and/or were present at the scene of the accident
and after may provide key information relating to the nature and cause
of the current clinical presentation.

Physical Examination

Subtle neurological findings may be seen in persons after concussion,
including smell or hearing loss, vestibular dysfunction, higher-level bal-
ance impairment, kinetic tremor, slowed reaction time, and frontal motor
impairments [1].

Diagnostic Assessments

A few of the more commonly used and more sensitive testing approaches
include neuroimaging, electrophysiological, neuro-otological, chemosen-
sory, and neuropsychological testing. It is critical for clinicians to also
understand the appropriate applications and limitations of such tests, as
well as their sensitivity and specificity [2,7-9].

Pathologies That May Produce Signs and
Symptoms Parallel to Those of Concussion

Cranial Trauma
Trauma to the cranium can produce an array of symptoms that parallel
postconcussive symptoms without having any concurrent brain injury
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[1,8]. Some of the problems commonly seen after these types of injuries
include headache, tinnitus, hearing loss, hyperacusis, vestibulopathies,
olfactory impairments, and visual dysfunction.

Cervical Injuries

Injuries to the neck, such as through acceleration/deceleration or direct
trauma, may produce an array of problems that may be mistaken for
PCS, including referred cervicogenic headache, tinnitus, cervical vertigo,
visual problems, and retro-orbital pain.

Chronic Pain

Posttraumatic pain disorders are an often-overlooked concomitant of
cranijal and cervical trauma. When pain becomes chronic (i.e., more
than 6 months duration), it typically becomes more challenging to sepa-
rate problems that are due to pain from other posttrauma conditions
including PCS. Pain also tends to have adverse consequences on sleep,
cognition, and behavior, which further complicate both assessment and
treatment [10,11].

Affective Issues

Patients often develop secondary reactive psychological states after
trauma. Clinicians working with such patients should be familiar with
anxiety spectrum disorders including posttraumatic stress disorder
(PTSD), depression, and adjustment disorders. Occasionally, patients
may present with affective lability, similar to a pseudobulbar affective
disorder with a propensity to become easily tearful [1].

Comorbidities

Patients often have multiple contributors to symptomatology following
concussion. One cannot automatically assume that symptoms are attrib-
utable to an MTBI/concussion [1,2,8,12].

IATROGENESIS

The phenomenon of iatrogenesis can work in two directions, neither of
which, ultimately, is in the best interest of the patient. Doctors who dis-
miss symptoms that are truly neurological following concussion clearly
do the patient a disservice. They further promulgate potential for adverse
adaptive responses, including anxiety, depression, insomnia, stress and
worsening of pain, as well as protract impairment and any related func-
tional disability by not treating the real problem. On the other hand,
clinicians who over-diagnose concussion-related impairments may
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actually be producing a nocebo effect; that is, they are instilling negative
expectancies, which may ultimately manifest into maladaptive behaviors,
reinforce disability (which in fact may not be present), and perpetuate
inappropriate diagnostic labels, as well as lead to ineffective and clini-
cally unnecessary treatment [13,14]).

OTHER FACTORS TO CONSIDER

Clinicians should be aware of the literature examining the impact of per-
sonality, psychosocial factors, stress and litigation on symptom report-
ing, clinical presentation, prognosis, and treatment response [15,10].

Another important area of clinical assessment is that of response bias
testing. In the context of postconcussion assessment, response bias test-
ing allows the practitioner to determine the response style of the patient
relative to whether they are providing unbiased responses or coloring
them in a particular direction (i.e., symptom minimizing versus symptom
magnifying). In this latter context, practitioners need to be aware of how
stress, litigation, and psychological factors may affect both response style
and effort in order to fully evaluate the validity of interview data and
diagnostic testing results [17,18].

CONCLUSIONS

Practitioners must take an array of confounding variables into consid-
eration when assessing and treating persons following concussive brain
injuries. Comprehensive assessment of preinjury, injury, and postinjury
history, and a well-informed knowledge of concussion guidelines and
current MTBI science will result in optimizing diagnostic accuracy and
treatment outcomes.
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Recognizing Manifestations
of Posttraumatic Stress
Disorder in Patients With
Traumatic Brain Injury

Eric B. Larson

BACKGROUND
Definition

Posttraumatic stress disorder (PTSD) is psychiatric syndrome character-
ized by persistent symptoms of anxiety after exposure to a traumatic
event. In patients with traumatic brain injury (TBI), PTSD is sometimes
confused with postconcussion disorder, adjustment disorder, personality
change due to TBI, and with dementia due to TBI.

Diagnostic Criteria

Problems from each of the following six categories must be observed
[1]: (D) history of exposure to trauma, (2) trauma is persistently
re-experienced, (3) engaging in avoidant behavior or experiencing
numbing of general responsiveness, (4) increased autonomic arousal,
(5) duration of symptoms is more than 1 month, and (6) significant
distress or functional impairment results from these symptoms.

Epidemiology

In the general population, lifetime prevalence of PTSD is 7.8%. In patients
with mild TBI, estimates of prevalence range from 10% to 27%. Prevalence
of PTSD has been shown to be the same among mild TBI patients as it is
among patients with other traumatic injuries [2]. In patients with severe
TBI, the best estimate of prevalence is 3%, although self-report of symp-
toms is much higher [3].

132
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Etiology

A Behavioral Account

Most forms of anxiety are a result of appraisal of an impending (future)
threat. PTSD involves processing a past trauma as a current threat, pos-
sibly because of activation of implicit memories of the traumatic events.
Discrimination between current experience and past implicit memories
may be more difficult because the latter are more vaguely defined than
are explicit memories [4].

A Neurobiological Account

The implicit learning involved in PTSD may be mediated by neural cir-
cuits that are routed through the amygdala. It is proposed this system is
distinct from the explicit learning that occurs via the hippocampus [5].

Pathophysiology

Inconsistent evidence of atrophy in the hippocampus and in the anterior
cingulate cortex has been reported in PTSD patients. Some have proposed
these are stress-induced changes, but twin studies suggest that reduced
volume in these structures is a pretrauma vulnerability factor [6].

DIAGNOSIS
Risk Factors

Knowledge of characteristics that leave patients vulnerable to PTSD can
help determine if that disorder in present in a TBI survivor with an
ambiguous clinical presentation.

® Pretrauma risk factors—Sex and marital status are the strongest demo-
graphic predictors of PTSD. Women and previously married (e.g.,
divorced or widowed) individuals have the highest risk for PTSD [7].

® Trauma-related risk factors—For men, the highest risk for PTSD is for
those who have been in combat and for those who have witnessed
someone being killed or severely injured. For women, the highest risk
is associated with rape or sexual molestation.

m Posttrauma risk factors—A lack of subsequent social support and
experience of additional life stressors are both stronger predictors of
PTSD than pretrauma risk factors [8].

® Poor cognitive function [9]—A pretrauma cognitive deficit may leave
an individual less able to cope with stressors, which may make them
more vulnerable to PTSD.

m TBI patients are at increased risk for PTSD at 6 months after injury
if they experienced acute stress disorder after their injury, if they
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exhibited symptoms of depression and anxiety within 1 week of
injury, if they had a previous history of psychiatric disorder, or if they
had memory for the traumatic event [10].

Clinical Presentation

In mild TBI, PTSD patients often present symptoms of trauma-related
emotional distress along with symptoms of postconcussion disorder.
Symptoms observed in both disorders include noise sensitivity, fatigue,
anxiety, insomnia, poor concentration, poor memory, and irritability.
The presence of these symptoms alone is not diagnostic of either disor-
der because all have high base rates in the general population as well.

Symptoms

m Recurrent intrusive distressing recollections of the traumatic event.
Such memories are sudden, unwanted, and disruptive to one’s
activities

m Recurrent distressing dreams of the event (nightmares)

® Sudden acting or feeling as if the traumatic event were recurring. This

involves perception that the trauma is happening in the present and

differs from remembering the traumatic event as a past occurrence.

Contact with present reality is greatly diminished. This may involve

hallucinations or dissociative experience (i.e., a “flashback”)

Intense psychological distress at exposure to trauma-related cues

Physiological reactivity on exposure to trauma-related cues

Efforts to avoid thoughts or feelings associated with the trauma

Efforts to avoid activities or situations that arouse recollections of

trauma (e.g., appointment cancelations, failed appointments, and tar-

diness to treatment sessions)

m Inability to recall an important aspect of the trauma, only if deter-
mined not to be because of posttraumatic amnesia

m Markedly diminished interest in significant activities that are still avail-

able despite physical disability

Feeling of detachment or estrangement from others

Restricted range of affect

Sense of foreshortened future

Difficulty falling or staying asleep

Irritability or outbursts of anger

Difficulty concentrating

Hypervigilance—This does not necessarily exclude situations in which

an individual’s perception of threat is justified by actual danger in their

environment

m Exaggerated startle response
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Evaluation

= Symptom checklists—Questionnaires that rely on self-report like the
PTSD Checklist [11] require little time to complete (5 minutes or less)
and may be used as screening measures but should not be used for
diagnosis given their poor specificity. Further, in TBI patients, self-
report is notoriously inaccurate.

m Structured interviews—The “gold standard” for PTSD diagnosis,
clinician interviews require extended time to complete (30 to 120
minutes). They also require formal training to assure inter-rater reli-
ability. Measures include the Clinician-Administered PTSD Scale for
DSM-1IV [12] and the Structured Clinical Interview for the DSM-IV Axis
I Disorders [13].

m Neuropsychological evaluation—Standardized psychological assess-
ment provides a detailed description of the nature of cognitive
impairment and emotional distress. However, in cases where it is
unclear whether a patient has sustained a mild TBI, identifying
cognitive impairment does not assist with differential diagnosis,
because such impairment can be seen in individuals with PTSD
alone [14].

Controversies

It has been suggested that TBI does not produce PTSD because the
disturbance of consciousness that must occur in the former inter-
feres with formation of memories of trauma, which is presumably
the cause of symptoms in the latter [15]. Although some evidence
supports this conclusion, other studies show that PTSD exists in
individuals who lost consciousness at the time of their injury [10,16].
The formation of implicit memories (that may not require clear con-
sciousness at the time of trauma and that may exist in the absence
of explicit recall) has been offered as an explanation for this coun-
terintuitive finding.

TREATMENT
Guiding Principles

Exposure and Avoidance

Treatment that increases exposure to trauma-related stimuli in a support-
ive, controlled environment is effective at reducing symptoms. Avoidance
of stimuli that provoke distress results in increased anxiety when those
triggers can no longer be escaped.
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Medication and Cognition

Some pharmacological interventions are effective at short-term manage-
ment of anxiety but can result in iatrogenic cognitive impairment, which
makes them bad choices for TBI survivors.

Initial Management

m Reliance on psychopharmacology is necessary primarily in cases
where cognitive impairment makes psychotherapy unrealistic.

® Use of medications that affect serotonergic and noradrenergic path-
ways can be specifically useful in control of hyperarousal.

m Selective serotonin reputake inhibitors (SSRIs) are more effective than
older antidepressants for most symptoms of PTSD; trazodone can be
helpful in reducing nightmares and daytime anxiety.

® Prazosin, a centrally acting noradrenergic a1 blocker can also be used
to reduce nightmares and daytime anxiety.

m Propanolol, a centrally acting noradrenergic § blocker, can reduce
autonomic hyperarousal.

® Most antipsychotic medications are not used to treat PTSD, especially
in patients with comorbid TBI because these agents can interfere with
neurological recovery.

m Atypical antipsychotics (e.g., Zyprexa and Risperdal) may be helpful
for control of psychotic symptoms of PTSD (e.g., hallucinations), pos-
sibly due to serotonergic effects.

m Sedative-hypnotics (e.g., benzodiazepines) provide temporary relief
of symptoms but because of rebound and dependence, they are not
recommended in PTSD.

Ongoing Care

m Cognitive-behavioral treatment that includes exposure therapy can
be introduced early for patients with mild TBI and later in the course
of recovery for moderate-to-severe TBI patients. Memory deficits are
a substantial obstacle to efficacy; in fact, such impairment may never
resolve to the point that psychotherapy is possible.

m Referral to PTSD specialists can be particularly helpful. Centralized
referral databases are now offered (listed under “Electronic
References”).

Treatment Controversies

Eye Movement Desensitization and Reprocessing
An ongoing debate continues about the efficacy of eye movement
desensitization and reprocessing (EMDR). Although outcome studies
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support the use of this technique, many clinicians argue that it is effec-
tive because it includes elements of exposure therapy, and that there
are no advantages to EMDR over traditional exposure therapy [17].

Additional Considerations

Disability Evaluations

In veterans, a diagnosis of PTSD may be used to support claims of dis-
ability. Disabled veterans can receive disability income if they can sub-
stantiate these claims. Secondary monetary gain may result in many false
disability claims.

Personal Injury Cases

Individuals who file personal injury lawsuits may argue that their injury
resulted in PTSD. Again, secondary gain may influence symptom report-
ing. Consider referral for evaluation by a PTSD specialist and/or neurop-
sychologist who can determine the extent to which this influence may
result in symptom magnification or malingering.
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Factors Suggesting a

Need for Referral to
Mental Health Providers in
Postconcussive Disorder

Matthew R. Powell and Michael McCrea

GENERAL PRINCIPLES

Postconcussive disorder (PCD) has emerged as one of the more contro-
versial and challenging conditions in the neurosciences. PCD is appro-
priately diagnosed when neurologic, cognitive, behavioral, or somatic
symptoms following mild traumatic brain injury (MTBI) persist beyond
3 months [1,2].

Patients with PCD frequently present to the outpatient clinics of
primary care physicians, physiatrists, or neurologists seeking relief
for lingering symptoms. Although some patients will have already
received an initial medical work-up to rule out a more devastating
brain injury during the acute phase, many patients will have had no
prior contact with health care specialists [3]. Outpatient medical work-
ups for PCD-related complaints are typically unremarkable for any
identifiable neurologic pathology. Furthermore, there exists no “stan-
dard of care” treatment regimen that physicians can rely on to com-
prehensively address the various symptoms reported. Complicating
treatment decision-making even more is the fact that it is not at all
uncommon for two MTBI patients with very similar injuries (e.g., based
on acute injury characteristics) to report very different symptom pro-
files following injury.

TREATMENT

Background

A multitude of factors have been shown to contribute to and main-
tain diverse PCD-related symptoms [3,4]. PCD is not a unidimensional
brain-based condition but rather an outcome influenced by cognitive,
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emotional, medical, psychosocial, and motivational factors [3,5,6], now
referred to as the biopsychosocial model of PCD [7].

Because of this complexity, treatments targeting PCD-related symptoms
should follow an integrated model of care. In this context, referral to behav-
ioral health providers such as neuropsychologists, rehabilitation psycholo-
gists, health psychologists, and/or psychiatrists should be considered, but
particularly when patients experience cognitive, emotional, or behavioral
changes. If a patient reports the following signs or symptoms, one should
consider referal to a mental health provider with experience in managing
TBI to assist with evaluation and treatment.

m Cognitive symptoms

= Emotional/behavioral symptoms (e.g., psychiatric disorder or diffi-
culty coping)

= Excessive symptoms or worsening symptoms (without underlying
medical cause)

m Persisting pain (e.g., headache, neck or back pain)

m Substance abuse/dependence

m Reported functional impairment (e.g., inability to return to work or
school)

® Patients involved in litigation, pursuing or receiving disability and/or
workman’s compensation benefits

Management Approaches

Behavioral health intervention is not a unitary construct and can be concep-
tualized in three distinct ways: (1) symptom management (e.g., symptom
reduction), (2) cognitive restructuring, and (3) preventative treatment.

Symptom Management

Physicians frequently refer their patients for bebavioral intervention
when it is apparent that their patient’s symptoms are medically intrac-
table. Behavioral health specialists help patients develop a behavioral
program to facilitate symptom management (e.g., reduction of pain,
improving sleep hygiene, using moderation during daily activities). The
symptoms targeted under a symptom management approach may or may
not be psychiatric symptoms. For example, patients with chronic daily
headache or neck pain may benefit from learning progressive muscle
relaxation or biofeedback procedures from a qualified health psycholo-
gist. Patients with mood disorders (e.g., depression), anxiety disorders
(e.g., posttraumatic stress disorder), or adjustment reactions may ben-
efit from time-limited psychotherapy such as cognitive behavioral treat-
ments. Moreover, psychotherapy may increase patients’ awareness of
factors contributing to psychiatric difficulties, reduce their symptoms, or
help them develop appropriate short- and long-term goals post injury.
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Cognitive Behavioral Health Treatments

These treatments focus on cognitive restructuring. Patients with well-
established PCD frequently develop inaccurate or distorted perceptions
of their injury, their recovery, their preserved abilities, and their outcome
[7,8]. Psychotherapies focusing on cognitive restructuring work toward
dismantling the distorted self-perceptions that frequently accompany
PCD and replace them with accurate beliefs and appraisals related to
one’s injury, recovery, preserved ability, and outcome post injury [8,9].
Ferguson and Mittenberg [8] developed a six-session structured cogni-
tive behavioral therapy program that helps patients understand how
psychological factors can intensify and maintain PCD-related symptoms
and teach PCD patients cognitive behavioral techniques to manage stress
and cope more effectively with PCD symptoms.

Prevention

Although symptom management and cognitive restructuring approaches are
very important for patient health and quality of life, treatment approaches
focusing on prevention of PCD are ideal. Because psychological and social
factors of disease, including PCD, are clearly modifiable variables (e.g., the
patient, the provider, and the patient’s environment can influence outcome),
it should not be surprising that MTBI patients who receive brief cognitive
behavioral health treatments in the acute or subacute phase of recovery
report fewer and less severe PCD-related symptoms months later compared
to patients with MTBI who do not receive these early behavioral inter-
ventions [10-18]. Brief psychoeducational interventions administered dur-
ing early recovery following MTBI, with or without concomitant cognitive
behavioral teaching, also decrease the risk for PCD. For example, education
provided to MTBI patients prior to hospital discharge resulted in signifi-
cantly shorter symptom duration, decreased frequency of symptoms, fewer
symptomatic days per week, and a lower severity of symptoms [10]. Further,
because the symptoms of PCD are nonspecific, and because they are so
prevalent in normal, healthy non-brain injured persons, symptoms may be
misattributed to the injury. For example, attention and memory concerns
post injury may be related to side effects from certain medications (e.g.,
narcotic pain medications or tricyclic antidepressants) a patient received
to treat PCD symptoms rather than from a MTBI. Similarly, attention or
memory complaints may be better explained by a posttraumatic stress reac-
tion associated with a motor vehicle collision than a MTBI. Encouraging
patients to consider alternative explanations for their symptoms may be an
appropriate means of remediating this tendency.

SUMMARY

Behavioral health and neuropsychological interventions can be useful for
preventing the development of PCD, for symptom management, and/or
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for reducing disability associated with MTBI. Recognition that there are
factors beyond the neurobiological abnormalities associated with MTBI
that cause or maintain PCD-related symptoms may have a key impact on
overall outcome.
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Field Management
Prehospital Care

Clare L. Hammell

GENERAL PRINCIPLES

Prehospital management is increasingly recognized as influencing out-
come in moderate to severe traumatic brain injury (ITBD. One-third of
patients with severe TBI have a documented secondary brain insult on
hospital admission [1].

Aims of Prehospital (Field) Care

It includes rapid scene and patient assessment, necessary interventions
only, prevention of secondary brain injury, short scene time (ideally <10
to 15 minutes), rapid transfer to appropriate secondary care facility.

ASSESSMENT

= Scene assessment—the initial priority. Is the area safe for you to work
in? Common prehospital hazards—motor vehicle instability, traffic,
risk of fire/explosions from fuel, hazardous materials, and firearms
risk. Assessing and managing the patient may occasionally have to
wait until emergency services personnel make the scene safe.

= Patient assessment—limited patient access and space in which to
work common. Initial assessment focused on identifying and manag-
ing life threatening injuries. Structured assessment required:

m Airway (and cervical spine control)

= Breathing (respiratory rate, pattern, obvious external chest injury,
chest expansion, percussion, and auscultation often unhelpful
because of surrounding noise)

m Circulation (obvious external hemorrhage, peripheral pulses
present, capillary refill time, blood pressure recording often not
possible/unreliable)
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» Disability (Glasgow Coma Score [GCS], pupil size and reactivity,
seizures)

Work together with other rescue personnel to formulate extrication
plan if patient is trapped in a vehicle. Time is of essence; outcome is
improved with a shorter injury-definitive care time.

= Common problems identified during patient assessment—airway
obstruction, hypoventilation, hypoxemia, hypo- or hypertension, and
reduced conscious level. Extracranial-associated injuries are com-
mon; their management may take preference. Spinal injury should be
assumed in all patients with moderate to severe head injury.

PATIENT MANAGEMENT
Airway Management

® Basic airway opening maneuvers including oropharyngeal airways.
Supraglottic airways (e.g., laryngeal mask airways) are easy to insert if
patient access is difficult and will free up rescuers hands. Such devices
achieve faster time to ventilation than endotracheal tubes in models of
restricted airway access [2].

= Prehospital endotracheal intubation (ETI): Indications (from
International Brain Trauma Foundation [BTF])—TBI patients with a
GCS < 8, the inability to maintain an adequate airway, hypoxemia
not corrected by supplemental oxygen. Adequate skills and expertise
must be available. Evidence for its benefit is conflicting; some studies
have shown increased mortality with prehospital ETI [3,4], others have
shown survival benefit [5]. All current published studies are retro-
spective, often with unmatched controls and most ETIs in the studies
are performed without sedative drugs. This approach leads to raised
intracranial pressure (ICP) with laryngoscopy and increased incidence
of adverse events. Use of sedative agents and muscle relaxants (rapid
sequence induction) improves success rates and may reduce complica-
tions. Expect a difficult airway (suboptimal patient positioning, blood/
debris in mouth, difficult environment).

m Checklist prior to prehospital ETI—suitably experienced person-
nel, airway equipment working (+ spare laryngoscope), alternative
airways, for example, supraglottic/oropharyngeal, cricothyroidotomy
kit, self inflating bag and mask, monitoring including pulse oxim-
etry/capnography, drugs (sedatives, muscle relaxants, vasopressors,
anticholinergics).

» Complications of prehospital ETI—failure (must have back up
plan), esophageal intubation (fatal if unrecognized), hypoxemia, aspi-
ration of gastric contents, hypo- or hypertension. Ensure adequate
sedation and muscle relaxation postintubation to avoid coughing and
rises in ICP.
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Ventilation

= Hypoxemia increases mortality and the chance of a poorer neurologi-
cal outcome following TBI [6]. It may result from hypoventilation but
significant chest injuries often coexist, for example, hemopneumotho-
rax/pulmonary contusions.

m All self ventilating patients should receive oxygen via facemask with
a reservoir bag.

m Assisted ventilation is required in all patients post-ETT; it may also be
required in unintubated patients with respiratory depression. Normal
ventilation rate in adults is 12 breaths per minute. Inadvertent hyper-
ventilation and hypocapnia is common in intubated patients; this is
associated with a poorer neurological outcome and should be avoided.
End tidal carbon dioxide monitoring helps prevent this.

Circulatory Management

m One single episode of hypotension doubles the risk of mortality in
severe TBI patients [6].

® Assume that hypotension is due to hypovolemia from coexisting inju-
ries initially.

m Cerebral perfusion pressure (CPP) = mean arterial pressure (MAP) —
ICP. So if ICP is increased (common in moderate/severe TBI), MAP
must be increased to maintain CPP.

® In-hospital management usually aims for CPP 60 to 70 mm Hg; there
is no evidence to suggest what level to aim for in prehospital environ-
ment. Impractical to calculate MAP and blood pressure measurement
may also be difficult and unreliable outdoors or in moving vehicle.

» In isolated TBI, BTF recommend a minimum systolic blood pressure
of 90 mm Hg. Higher values are desirable if ICP is raised in order to
maintain CPP.

= Small boluses (e.g., 250 mL) of isotonic crystalloid fluid should be
administered to maintain target systolic blood pressure. Use of vaso-
pressors are impractical in the field.

m There is increasing interest in use of hypertonic fluids in this group for
fluid resuscitation. Subgroup analysis of a TBI group receiving hyper-
tonic saline (HTS) for volume restoration showed a mortality benefit [7].

Neurological assessment should be brief and reproducible. GCS, pupil
size, and reactivity are used. It is often poorly recorded at scene but is
useful (and prognostic) to compare on-scene and admission GCS.

Raised ICP

m Assess periodically for signs of raised ICP at scene and during trans-
fer (reducing GCS, pupil dilatation and reduced reactivity, increasing
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systemic hypertension with reflex bradycardia). Possible treatments at
scene or during transport include:

m Addressing hypoxemia, hypotension, hypercapnia, and inadequate
sedation (in intubated patients) first

® 30-degree head up tilt of spinal board

Pharmacological strategies—include osmotic diuretics (mannitol)

and hypertonic crystalloid solutions

® Mannitol—previously the first line osmotic drug for management
of raised ICP (HTS largely replacing; see following section). There
exists little data regarding prehospital administration. Produces a
dieresis that may provoke hypotension if patient is hypovolemic

® HTS—reduces ICP reliably in animal and human studies. Also sur-
vival benefit in bleeding head-injured patients has been demon-
strated[7]. The largest randomized study of the use of HTS (HTS
vs. Ringer’s lactate) prehospitally [8] failed to repeat this survival
finding although the HTS group had lower ICP and higher CPP
measurements on hospital admission. In hypovolemic patients, it
augments volume resuscitation by increasing circulating blood vol-
ume, MAP, and CPP. Usual solutions are 3% to 7.5% sodium chloride.
Initial dose of 3 to 4 mL/kg; repeat dose is occasionally needed.
Reported side effects (hypernatremia, increased osmolality) of no
importance in prehospital environment.

Spinal Immobilization

All head-injured patients require spinal immobilization except if very
combatitive. Hard cervical collar and long spinal board usually. Beware
of cervical collars obstructing cerebral venous return and raising ICP. If
signs of raised ICP are present, tilt the head of the board to 30° to facili-
tate venous drainage. Aim for early removal of long boards and cervical
collars in the emergency department.

Transfer to Secondary Care Facility

Must have neuroimaging and ideally neurosurgery on site. A recent ret-
rospective analysis of patients with severe TBI showed reduced mortality
if they were managed in centers with onsite neurosurgical expertise [9].
Air transport may be required if there are long transfer distances.
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Emergency Department
Management and Initial
Trauma Care Considerations

Stephen V. Cantrill

GENERAL PRINCIPLES

Classification

Traumatic brain injury (TBD is usually initially classified as to severity
(mild, moderate, severe) based on Glasgow Coma Scale (GCS) score,
mechanism (blunt, penetrating), and whether it is isolated head trauma,
or one of multiple injuries the trauma patient has sustained (multiple
trauma patient; see also Chapter 1).

Pathophysiology (see also Chapters 2, 25, and 26)

The following aspects of potential secondary injury must be identified rap-
idly in the emergency department, and appropriate interventions should
be initiated.

m FElevated intracranial pressure (ICP) is often seen in severe head injury
and, if untreated, can cause significant secondary brain injury through
reduction of cerebral perfusion pressure (CPP). Elevation in the ICP can
be due to mass lesions (e.g., hemorrhage) or cerebral edema. Sudden
severe increases in the ICP can result in the Cushing reflex—widened
pulse pressure (systolic blood pressure minus diastolic), irregular res-
pirations, and bradycardia.

® Brain swelling can be the result of brain hyperemia or an increase in
brain intracellular water, that is, cerebral edema.

m Cerebral herniation may occur because of brain swelling or an expand-
ing mass lesion. This requires immediate action if the patient is to
survive.
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INITIAL EVALUATION AND TREATMENT
Guiding Principles

® The initial resuscitation of the moderate to severely head-injured
patient represents one of the most significant challenges in medicine.
Very frequently these patients suffer from multiple injuries requiring
the concerted efforts of the entire trauma team—the emergency phy-
sician, the neurosurgeon, the trauma surgeon, and the orthopedist,
as well as nursing and ancillary staff. This is truly a team effort, with
evaluation, diagnosis, and treatment being performed simultaneously
in a very tight feedback loop.

® Any head trauma patient must have their initial resuscitation guided
by the principles of advanced trauma life support (ATLS) [1]. This
will include, if necessary, immediate endotracheal intubation, fluid
resuscitation, oxygenation, and sedation. The goal is to stabilize the
patient to the point that a head computed tomography (CT) scan may
be performed to

m diagnose the nature of the head trauma and
m jdentify any neurosurgically correctable lesions [2,3]

Clinical Presentation

The mechanism of the patient’s injury should be obtained from the
patient (if possible) or from bystanders or prehospital care providers.
In patients with blunt trauma, a cervical spine injury must be assumed
until disproved.

Symptoms

Mental status is of major concern. Any change in mental status, includ-
ing the duration of any loss of consciousness, should be identified.
Symptoms of headache, vertigo, nausea, vomiting, weakness, ataxia, or
other neurological symptoms should be sought. History of recent drug
or alcohol use should be obtained in addition to past medical history
and current medications (with special attention to any anticoagulation
medications).

Physical Examination

m The cornerstone of the physical examination is the GCS (see Table 1.1),
although the initial values can be influenced by non-head injury issues
(such as alcohol intoxication, which in extreme conditions can result
in a GCS of 3). The use of the GCS may be problematic in non-English
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speaking patients and in children. Orthopedic and spinal cord injuries
may also interfere with its application.

m Pupil size, symmetry, and responsiveness should be assessed.

= A motor examination should be performed with evaluation of strength
and symmetry of the major muscle groups. Any abnormal movements
should be noted, especially decorticate or decerebrate posturing.

m Cranial nerve function (II-XII) should be evaluated, to the extent pos-
sible. In the severe head-injured patient, this may be limited.

® Deep tendon reflexes should be assessed with any asymmetry noted.

® The head and neck should be carefully inspected for any evidence of
trauma with special attention to the ears (hemotympanum or otor-
rhea), the nose (rhinorrhea), Battle’s sign (retroauricular hematoma),
or raccoon’s eyes (periorbital ecchymoses), all indicators of a potential
basilar skull fracture.

® The remainder of the physical examination should be performed based
upon the mechanism of injury and any other findings.

® Any decrease in a patient’s mental status or GCS after arrival must be
assumed to indicate a worsening of their head injury and must drive
an immediate therapeutic response.

Diagnostic Evaluation

The gold standard for initial diagnostic evaluation of the moderate to
severely head-injured patient is a rapid noncontrast CT scan of the head.
If the history is unclear in the comatose patient, it is prudent to quickly
evaluate the patient for hypoglycemia (via point-of-care glucometer)
before obtaining the CT.

Laboratory Studies

In the severe TBI patient, an ethanol level, toxicology screen, complete
blood count, basic metabolic panel (electrolytes, glucose), and coagula-
tion studies are indicated.

Initial Management

m In the severely brain-injured patient, airway protection via rapid
sequence intubation should be given serious consideration. This not
only serves to protect the airway, but avoids hypoxia [4]. If at all pos-
sible, the neurologic examination should be performed prior to the
administration of drugs for intubation.

® Any presence of systemic hypotension is cause for concern in the
TBI patient. This mandates a search for the cause of the hypotension
and treatment of the hypotension with crystalloid or blood products



Emergency Department Management 155

(if indicated). Untreated hypotension portends a worse neurological
outcome for any TBI patient [4].

In patients who deteriorate after their initial evaluation, their worsen-
ing condition may be temporarily stabilized by hyperventilation [5].
Decreasing the patient’s Pco, to 30 mm Hg will cause a temporary
decrease in the (elevated) ICP through cerebral vasoconstriction with
subsequent decrease in cerebral blood flow. This should be done only
for a brief period of time, because an undesirable side-effect of this
action is further cerebral ischemia with increased secondary brain
injury.

In the most severe TBI patients, or in those who are deteriorating, treat-
ment with an osmotic diuretic, usually mannitol 0.25 to 1 g/kg IV may
improve the patient’s condition through the reduction of cerebral edema
[6]. These patients may also benefit from the induction of a barbiturate
coma to reduce the metabolic demands of the brain [7].

Severely brain-injured patients may benefit from treatment with antisei-
zure medication such as phenytoin or fosphenytoin. This decreases the
incidence of seizures in the immediate postinjury period [8].

Treatment Controversies

The use of hypertonic saline solution to assist in the treatment of
cerebral edema has been studied and does show some initial promise,
but further studies are necessary to determine optimal administration
dosage and concentration [06].

Prophylactic hypothermia has undergone some study with pooled
data showing decreased mortality, but many of these studies have
serious flaws including small sample sizes. Further work is needed in
this area [9].
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Imaging in Moderate to
Severe Traumatic Brain
Injury

David N. Alexander

BACKGROUND: IMAGING TECHNIQUES

The two most commonly used imaging procedures in traumatic brain
injury (TBI) are computerized tomography (CT) of the brain and mag-
netic resonance imaging (MRI or MR) of the brain. Less commonly used
imaging procedures that are helpful in selected patients with brain
injury for specific purposes include lateral and AP (anteroposterior)
skull x-rays (SXRs), cerebral angiography, CT angiography (CTa), mag-
netic resonance angiography (MRA), magnetic resonance venography
(MRV), single photon emission computerized tomography (SPECT) and
positron emission tomography (PET), diffusion tensor imaging (DTD),
and functional MR imaging (fMRD). Each of these techniques has its own
principles, benefits, and limitations. They have been employed in some
settings and will be briefly described; however, the primary focus of
this chapter is CT and MR.

Computerized Tomography

CT measures the density of structures in the brain displayed in two-
dimensional slices that vary in thickness from 2 mm to 1 cm. CT is the
initial imaging procedure of choice in acute moderate to severe TBI. CT
is readily available, with rapid scanning time, and has excellent imaging
of acute blood, fractures, foreign bodies, and hemorrhagic contusion.
High-density structures, such as bone and acute blood, appear white
on CT, whereas low-density structures, such as air or cerebrospinal fluid
(CSF), appear dark. The white matter of the brain is slightly less dense
than gray matter; so white matter is darker than gray matter on CT imag-
ing. Edema reduces the density of the brain, making it appear darker. So
density, and therefore whiteness on the scan, is as follows: bone > acute
blood > gray matter > white matter > CSF > air. One can choose to view
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a specific range or a subset of the data obtained; so it is called “window-
ing.” Generally, the CT scan is windowed to visualize brain matter best;
a second set of images are windowed to highlight bone densities (“bone
windows”) to allow better visualization of fractures.

Magnetic Resonance Imaging

MRI is the best single test for assessing injury to the brain in moderate
and severe TBI in the subacute or chronic phase after TBI. Its advantages
over CT in the subacute phase include excellent imaging of the poste-
rior fossa, assessment of axonal injury, and visualization of cortical and
subcortical nonhemorrhagic contusions and edema. The signal charac-
teristics of hematomas on MRI are highly variable. The appearance is
greatly influenced by the state of hemoglobin (ferrous vs. ferric), the field
strength of the magnet, the pulse sequence used, the status of the RBCs
(intact vs. lysed), the age of the clot, the hematocrit, state of oxygenation,
and size of the clot.

MR requires a longer scan time than CT, and becomes less useful for
agitated patients or patients who cannot remain still during the test. MR
is not useful for bone imaging or for fractures. MR cannot be used in
patients with pacemakers, or a variety of other metallic implants. When
there is concern for venous sinus injury, MRV provides excellent imaging
of the sinuses.

MR is an imaging procedure without ionizing radiation. The basic
principle of MRI is the imaging of proton magnetism. Protons, a compo-
nent of water, are ubiquitous in the body and brain. The magnetic field
lines up the charged protons like little magnets, then the magnetic field
is removed or perturbed. Sequences of perturbation and data acquisition
determine imaging characteristics:

» T1-weighted images show the general structure of the brain.

= T2-weighted and FLAIR (fluid attenuation inversion recovery) images
show white matter changes.

= DWI (diffusion weighted imaging) is sensitive to early swelling of
cells in ischemic infarction, and may show injured neurons and glia
in TBL

® GRE (gradient recalled echo) sequences are very sensitive to blood
products, which show up as dark areas.

Skull X-Rays

Historically, SXRs were the initial neuroradiologic procedures.
Conventional radiographs were used as early as the Spanish-American
War to evaluate the cranial vault for depressed fractures and for localizing
radiopaque materials. SXRs have been supplanted by CT scan, although
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a modified lateral SXR is generally obtained as a “scout film” in prepara-
tion for the CT.

Angiography

Angiography defines the intra- and extracranial circulation to the brain.
Catheter cerebral angiogram is the definitive test for visualization of the vas-
culature, but is invasive and uncommonly used in TBI unless an underlying
aneurysm or arteriovenous malformation (AVM) is suspected. Noninvasive
tests such as CTa are very good for visualizing these same structures. If
venous thrombosis is suspected, MRV is a useful and sensitive test.

Single Photon Emission Computerized Tomography

SPECT is a nuclear medicine tomographic imaging technique using y rays
and a y camera. A common y-emitting isotope used in SPECT, 99mTc-
HMPAO (technetium 99m-hexamethylpropylene amine oxime), is useful
in the detection of regional cerebral blood flow. SPECT is uncommonly
used in TBI and its clinical value is limited.

Positron Emission Tomography

PET utilizes positron-emitting radiopharmaceuticals to map the physi-
ology, biochemistry, and hemodynamics of the brain. 2-Deoxy-2-[18F]
fluoro-p-Glucose (FDG) is the most common radiopharmaceutical used
in PET to measure regional glucose metabolism in the brain. A variety
of other substrates and radiolabeled compounds can be injected and a
cross-sectional map of the brain shows the quantitative distribution, utili-
zation, or binding of these substrates in the brain. The radiation exposure
from a PET scan is about the same as a CT. The clinical value of PET in
TBI is under investigation.

Diffusion Tensor Weighted Imaging

DTI measures the diffusion of water molecules and their vectors/direc-
tion along white matter tracts, using MR techniques. Disruption of white
matter tracts, as is typically seen in the context of diffuse axonal injury
(DAD), is more dramatically visualized with DTI. Further research is
needed to establish the clinical utility of this test [1].

Functional MR Imaging

fMRI measures changes in blood oxygenation levels in specific volumes
(voxels) of the brain. The brain rapidly changes its blood flow/oxygen
delivery to parts of the brain as they become metabolically more or less
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active. Recent reports in a small minority of patients with severe brain
injury and in a minimally conscious state or vegetative state have shown
metabolic patterns that indicate consciousness using fMRI to measure
response to questions/commands [2].

PATHOLOGY: IMAGING APPEARANCE OF TBI

The pathologic changes typically associated with moderate to severe closed
head injury include DAL, intra- and extra-axial hemorrhages, focal cortical
contusions (FCC), and hypoxic-ischemic injury (HII). Open or penetrating
head injury leads to direct disruption of brain parenchyma. Other phenom-
ena include skull fractures and diffuse brain swelling. The main mechanical
phenomena causing brain damage are that of contact and acceleration.

Extracerebral Hemorrhagic Lesions

Subdural Hematoma
Subdural hematomas (SDHs) are common in severe head injury, occur-
ring in 20% of cases in one large series [3]. SDHs are generally seen
unilaterally over the frontal and parietal convexities. They appear as
crescent-shaped, high-density extra-axial fluid collections. They can be
isodense during the subacute phase, generally at 3 weeks. At that time,
they are seen on CT as a displacement of the gray and white matter inter-
face or displacement of surface veins during contrast administration.
MRI easily identifies the isodense subacute phase of SDHs: they are
bright on T1, particularly on coronal images. MRI also improves visual-
ization of SDHs that are bilateral, small, interhemispheric, subtemporal,
subfrontal, or tentorial (Figure 24.1).

Figure 24.1 Patient with TBI and a left temporal and left tentorial sub-
dural hematoma.
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Epidural Hematoma
Epidural hematomas (EDHs) occur as a result of an injury to the middle
meningeal artery or, occasionally, the dural venous sinuses. The arte-
rial bleeding strips away the dura, which is normally tightly adherent
to the inner table of the skull. EDHs are generally small, biconvex or
lens-shaped, high-density extra-axial masses with sharp anterior and
posterior margins because of their firm dural attachments (Figure 24.2).
Two-thirds of the time they occur over the temporal or parietal region.
Less commonly, they occur in the frontal or occipital region. Any extra-
axial high-density mass lesion crossing the midline and depressing the
superior sagittal sinus is an EDH; SDHs would not cross the midline but
will track along the falx or tentorium.

The vascular origin of EDH is (1) middle meningeal artery (50%); (2)
meningeal vein (30%); and (3) laceration of dural venous sinuses, diploic
veins, and internal carotid artery (20%).

Subarachnoid Hemorrhage

Traumatic subarachnoid hemorrhage (SAH) is a common finding in
TBI, occurring in up to 40% of patients [3]. Traumatic SAH can be
seen as a subtle increased density along the falx, a feathery appear-
ance due to blood in the sulci over the convexity or in the inter-
peduncular fossa, particularly with the patient lying supine during
scanning procedures. Intraventricular hemorrhage can also occur
(the subarachnoid and intraventricular space are contiguous), and
may be seen as an accumulation of blood in the occipital horns of
the lateral ventricles.

Figure 24.2 Epidural hematoma. This midconvexity, high-density bicon-
vex lens—shaped appearance indicates an acute extradural hemorrhage,
possibly because of laceration of the middle meningeal artery.
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Intracerebral Nonhemorrhagic Lesions

Parenchymal Contusions

(see also “Intracerebral Hemorrhagic Lesions”)

Parenchymal contusion is focal bruising that occurs most commonly
along the inferior, lateral, and anterior aspects of the frontal and tempo-
ral lobes (Figure 24.3). The irregular bony contours of the floor of the
anterior and middle cranial fossae predispose to this focal injury. Both
CT and MR visualize hemorrhagic contusion well; however, MR imaging
is superior to CT in visualizing nonhemorrhagic contusion.

Edema

Brain edema is divided into vasogenic edema and cytotoxic edema; both
mechanisms are seen in TBI. Vasogenic edema is best visualized on MR,
with fingers of edema following white matter tracts. Cytotoxic edema, pro-
typically caused by dying neurons and glia because of hypoxic or ischemic
injury, can result in generalized brain edema and herniation (Figure 24.4).

Hypoxic-Ischemic Injury

TBI is often associated with hypoperfusion of the brain. Areas of the
brain particularly sensitive to hypoxic injury include the hippocampus
CA1 pyramidal cells (crucial for memory acquisition), layers 3, 5, and 6
of the cerebral cortex, and Purkinje cells in the cerebellum and striatal
neurons. Hypoperfusion may affect watershed areas in the cortex. HII
recovers less well than traumatic axonal injury because of the necrosis of
large numbers of cortical neurons. CT is insensitive to hypoxic injury, but

Figure 24.3 T1-weighted MR image of bifrontal contusions and a right
posterior thin subdural hematoma in a 31-year-old woman who fell off a
skateboard 4 months prior to this scan, now presenting with seizures.
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Figure 24.4 TBI in a teenager because of an MVA, initially presenting
with mild cerebral edema and small ventricles. Three months post injury,
this same patient has ventricular dilatation due to shunt failure com-
bined with atrophy from neuronal and glial loss.

may show watershed infarctions. MR is relatively insensitive to HII but
may show subtle changes including bright cortical signal on T1 (indicat-
ing cortical laminar necrosis) [4].

Intracerebral Hemorrhagic Lesions

Parenchymal Contusions

Hemorrhagic focal cortical contusion is seen on CT scan as a mottled area
of high density, reflecting the petechial bleeding associated with capil-
lary rupture. Contusions appear as inhomogeneous areas of high and
low density because of the mixture of blood and edema, varying from
minimal focal edema to scattered high-density foci with massive edema.
Over time, these gradually resolve to become areas of low density.

Tissue Tear Hemorrhages

TTHs frequently are associated with DAI, and also called “microhemor-
rhages.” These tend to occur in the periventricular white matter, the cor-
pus callosum, and the brainstem [5]. They can be seen most sensitively on
higher field strength magnets using GRE (T2*-weighted) or susceptibility
weighted imaging (SWD) [6].

Intraparenchymal Hematomas
Traumatic intraparenchymal hematomas can occur in any region of the
brain, including the basal ganglia and the internal capsule.
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Diffuse Axonal Injury

DAI is a frequent underlying pathology in TBI. The initial pathology of
DAI consists of retraction balls with severed, broken, and swollen axons.
The axonal or white matter shearing injuries are better evaluated on MR
imaging than CT. Nevertheless, the shearing may cause tissue tear hem-
orrhages (TTH), which can be seen on CT scan. DAI can occur from the
level of the gray-white matter junction down to the deep white matter and
brainstem structures (Figure 24.5). With more severe injuries, the force
tends to be transmitted to the deep middle portion of the brain, with
particular involvement of the corpus callosum, dorsal lateral midbrain,
white matter at the gray-white junction, and cerebellar white matter near
the dentate nucleus.

Figure 24.5 Dorsolateral pontomesencephalic axonal injury in a TBI
patient with DAI and right frontal contusion.

Extracerebral Lesions

Skull Fractures

CT scanning with bone windowing is needed for an evaluation of sus-
pected fracture. MRI is insensitive and does not visualize fracture. Basilar
skull fractures are not well visualized unless the CT is viewed with bone
windows. If the clinical situation suggests a basilar skull fracture, with
hemotympanum (blood behind the ear drum), Battle’s sign (purplish
bruising and ecchymosis in the mastoid region), or leakage from the ear,
then a CT scan with bone windows is needed despite a negative SXR.

Cervical Spine Injury

Cervical spine films at the onset of head injury are important because of
the 6% co-occurrence of cervical spine injury in TBI patients. The digital
lateral skull radiograph obtained during CT scan of the head as a scout
film should be reviewed, because it may include a portion of the cervical
spine to look for cervical spine pathology.
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SUMMARY

CT and MR are the mainstays of imaging in TBI. Newer procedures, in
addition to identifying anatomic lesions, show changes in metabolism
and white matter tract dysfunction in TBI, although they are not in rou-
tine clinical use.
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Neurosurgical Management
of Skull Fractures and
Intracranial Hemorrhage

Joshua M. Rosenow

SKULL FRACTURES
Epidemiology

® There are more than 1.5 million head injuries in the United States
annually, with approximately one-third sustaining a skull fracture
from the injury [1].

Characteristics Used to Describe Skull Fractures

m Pattern

m Linear—a simple, straight single fracture line

®» Complex or comminuted—multiple intersecting or radiating frac-
ture lines

® Nondisplaced—the fractured sections of skull are separated by the
fracture line but still aligned

m Displaced—the fractured sections of skull are misaligned by a vari-
able distance

® Scalp integrity

m Closed—there is no connection between the fracture and the

atmosphere

® Open—the scalp overlying the fracture has been lacerated to such
an extent as to expose the fracture to the atmosphere

m Diastatic—the fracture traverses and separates one of the cranial
sutures

= Skull base fracture—involves the bones of the skull base, rather than
the cranial vault. These bones include the sphenoid, temporal, and
occipital bones, as well as the clivus and orbital roof

® Open depressed fractures expose the patient to an increased risk of
intracranial infection and cerebrospinal fluid (CSF) leak due to the

166
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chance of a dural tear caused by the depressed fragment. This results in
a communication between the intradural space and the atmosphere

Etiology and Pathophysiology

Blunt trauma is the most common etiology. The topography of the
fracture is dependent on the force of the injury and the surface against
which the skull strikes. Striking the skull against a smaller surface
increases the force per unit area, thus increasing the chance of a com-
plex and/or depressed skull fracture.

Evaluation

Clinical Presentation

Asymptomatic—This is the most common presentation of a skull frac-
ture, especially closed, linear, nondisplaced fractures.

Arterial epidural hemorrhage—Fracture lines may cross the paths
of major dural arteries such as the middle meningeal artery (MMA).
This causes epidural arterial hemorrhage that may rapidly expand and
cause significant neurologic deficit. Evacuation of the hemorrhage and
coagulation of the bleeding point is often indicated.

Venous epidural hemorrhage—Fracture lines may cross the paths of
major venous sinuses, such as the transverse sinus or superior sagittal
sinus. These are high-flow dural spaces; sinus lacerations can result in
substantial hemorrhage. Occipital fractures that cross the transverse
sinus can result in epidural hemorrhage in the posterior fossa.
Carotid injury—The energy from trauma that causes fractures can
also lead to injury of intracranial vessels. For example, fractures of
the temporal bone that extend across the carotid canal or clival frac-
tures involving the cavernous sinus may lead to carotid dissection and
pseudoaneurysm formation [2]. Carotid-cavernous fistulas may also
be formed.

Cranial nerve (CN) deficits—Basal skull fractures crossing the course
of cranial nerves may lead to specific deficits as follows:

» Olfactory nerve (CN D injury—Although the olfactory nerve may be
injured simply by shear injury without a concomitant skull fracture,
disruption of the cribriform plate will also result in loss of olfac-
tion because of shearing off of the olfactory processes that extend
through the anterior skull base into the upper nasal cavity

m Optic nerve (CN ID injury—anterior skull base and orbital frac-
tures. Clival fractures may result in midline optic chiasm injury
causing bitemporal hemianopia

® Oculomotor nerve (CN III) injury—skull base fractures across the
cavernous sinus
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® Abducens nerve (CN VD) injury—clival fractures

m Facial nerve (CN VII), auditory nerve (CN VII)—peripheral-
pattern facial weakness, dry eye, and hearing loss—temporal bone
fractures

m CSF leak

m CSF rhinorrhea—anterior skull base pathology such as fractures of
the cribriform plate or frontal sinus with associated dural tear

m CSF otorrhea—temporal bone fracture and overlying dural tear
leading to CSF egress via ear or eustachian tube

m CSF leakage may lead to the development of meningitis [3]

® Open fractures may present with obvious signs of displaced/protrud-
ing skull pieces with or without CSF leakage.

m Encephalocele—If the fracture defect is large enough and there is an
adjacent or associated dural tear, a portion of the brain may herniate
through the defects. This may be associated with CSF leakage.

m Anterior skull base—encephaloceles may involve the orbit or eth-
moid sinuses
» Temporal bone—brain may protrude into the mastoid air cells

m External signs of hemorrhage

= Battle’s sign (ecchymosis in the mastoid region) or hemotympanum
because of temporal bone fracture

® Raccoon eyes—periorbital ecchymosis due to anterior skull base
fracture

Radiographic Evaluation

m X-rays—These identify fractures very well, but have been largely
replaced by computed tomography (CT) scan [4].

m CT scan—Best, most rapid study to define the morphology of a skull
fracture, its relationship to the underlying brain and venous sinuses,
and to evaluate for associated hemorrhage.

Specific Circumstances Requiring Special Evaluation

m Fractures across venous sinuses—CT venography may be considered
if concern for sinus occlusion is present.

m Fractures through the carotid canal or midline sphenoid bone (cav-
ernous carotid)—CT angiography is useful for identifying vascular
dissection.

® “Growing skull fractures” in children [5-7]—Otherwise known as
posttraumatic leptomeningeal cysts. These are seen in fewer than 1%
of pediatric skull fractures and present as an enlarging scalp mass.
They result from a dural tear that allows the arachnoid to progres-
sively herniate through the fracture defect. Secure dural closure is
required.
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Management

m Simple linear fractures—These are managed conservatively.
® Indications for surgery—open depressed and depressed fractures:

Depression greater than the thickness of the skull

Open depressed fracture

Obvious CSF leakage

Neurologic deficit due to cerebral compression from fractured
segment

Frontal sinus fractures with displacement of the inner table and/
or fractures of both the inner and outer tables may be considered
for cranialization of the sinus with exenteration of sinus contents
and packing of the frontonasal ducts. This is done to prevent the
development of a mucocele with epidural extension and resulting
abscess.

m Special cases

Fractures across venous sinuses—Bleeding from venous sinus lac-
erations can be especially significant and difficult to control. Unless
there is a critical reason to intervene, such as open fracture with
CSF leakage, neurologic deficit from sinus obstruction or brain
compression, or active sinus hemorrhage, consideration may be
given to deferring elevation of the fracture segment.

Tension pneumocephalus—Increasing pneumocephalus due to
progressive air trapping (often from anterior skull base fractures
extending into the nasal sinuses) may cause increased intracranial
pressure (ICP) requiring operative intervention.

Anterior skull base fractures—Avoid passing nasogastric tubes in
these patients because of the risk that the tube will pass intracrani-
ally through a fractured skull base.

INTRACRANIAL HEMORRHAGE

Epidemiology

® In a survey of 90,250 hospitalized patients with brain injury [8], 30.6%
had traumatic intracranial hemorrhage.

» Typesofhemorrhageincluded: subarachnoid—47.9%, subdural—40.6%,
epidural—17.5%, intracerebral—14.0%, and intraventricular—4.3%.

Specific Hemorrhage—Locations and Management

Epidural hematoma (EDH)

See the section on “Skull Fractures” for etiologies of EDH.
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Presentation—Classically described brief loss of consciousness fol-
lowed by a lucid interval before neurologic decline occurs in fewer
than 30% of patients [9].

CT scan is the best study for diagnosis and monitoring of EDH. The
typical appearance is a biconvex, lenticular lesion caused by the
stripping of the dura away from the skull by the hematoma. Lateral
spread may stop at the sutures where the dura is most tightly adher-
ent. This then leads to increase in hematoma thickness. Acute blood
is typically hyperdense to the brain parenchyma, but in certain
circumstances, such as rapid hemorrhage or low hematocrit, it may
be iso- or hypodense.

Hemorrhage causing significant mass effect or neurologic deficit
requires emergent evacuation. Very thin EDH (<5 mm) may not
require evacuation. However, if the decision is made to observe,
these lesions require very close clinical and imaging monitoring as
patients (especially children) may deteriorate rapidly. In general,
there should be a low threshold for surgical intervention.

Surgical treatment involves evacuation of the hemorrhage, coagula-
tion of the bleeding point, and tacking up the dura to eliminate the
epidural space and prevent reaccumulation. The craniotomy should
be large enough to encompass the hematoma.

Intracerebral hemorrhage (cerebral contusion)

It typically occurs in areas where the polar aspects of the lobes
(frontal, temporal, occipital) strike the skull, or where the surface
of the brain rubs on the irregular surface of the skull base (inferior
frontal, temporal lobes). Shearing of white matter tracts may cause
small deep contusions.

¢ Coup contusions—occur on the same side of the impact
¢ Contrecoup contusions—occur contralateral to the side of impact

Contusions may initially be caused by impact resulting in hemor-
rhage, but may expand over time because of necrosis, infarction,
further hemorrhage, and cerebral edema.

The clinical presentation is dependent on size and location; contu-
sions may cause focal deficits if they are located in eloquent cortex.
Contusions are at high risk for expansion in the first several days
following injury due to both expansion of the hemorrhage and
increasing surrounding edema. This may lead to an increase in
ICP, causing neurologic decline and the need for further treatment.
Because of this, CT scans should be intermittently repeated.
Contusions in the temporal lobe may be especially dangerous because
of their location adjacent to the brainstem. Expansion may lead to
precipitous neurologic decline and uncal herniation. Substantial
temporal lobe contusions need to be monitored especially closely
and surgeons should have a lower threshold for evacuation.
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Traumatic brain injury may be associated with coagulopathy due
to systemic fibrinolysis [10-12]. For this reason, coagulation param-
eters should be monitored closely and corrected as needed to pre-
vent expansion of contusions.

Surgical evacuation of contusions may be indicated in the setting of
neurologic deterioration or significant ICP increase.

Subdural hematoma (SDH)

It is caused by impact that shifts the brain while other structures
remain fixed, resulting in tearing of the veins that bridge from the
cerebral cortex to the dura and dural venous sinuses.

Patients with substantial acute SDHs are often severely neurologi-
cally ill owing to the significant impact forces involved in these
injuries. These patients often have poor neurologic outcomes, even
with the most aggressive and rapid treatment.

CT scan remains the most rapid method of diagnosing SDH. Because
there are few barriers to the spread of hemorrhage along the hemi-
spheric surface, these are often crescentic, holohemispheric lesions.
Acute blood is typically hyperdense to the brain parenchyma, but in
certain circumstances, such as rapid hemorrhage or low hematocrit,
it may be iso- or hypodense.

Hemorrhage causing significant mass effect or neurologic deficit
requires emergent evacuation. Small SDHs in patients with good
neurologic examinations may sometimes be observed. However, if
decision is made to observe, these lesions require very close clinical
and imaging monitoring.

Surgical treatment involves craniotomy for evacuation of the hem-
orrhage with coagulation of the bleeding point. Burr holes are not
adequate for treatment of acute SDH because the clot is often too
solid and extensive to be sufficiently treated through such a small
exposure. The craniotomy should be large enough to allow suf-
ficient access to the thickest part of the hematoma and to allow
visualization of the majority of the subdural space.

If the brain is significantly swollen at the time of surgery, a decom-
pressive craniectomy may be of use in alleviating the increased
ICP. Many of these patients may also require ICP monitoring. A
decompressive craniectomy must be generous enough to allow
the brain to herniate through the defect without strangulating
the herniated portion, thus leading to ischemia and further cere-
bral edema. The dura must be patched open to allow for this
expansion.

Intraventricular hemorrhage (IVH)

IVH may be caused by tearing of the deep venous system that lines
the walls of the lateral and third ventricle, as well as by damage to
the vascularized choroid plexus.
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m Substantial IVH often obstructs the flow of CSF through the ven-
tricles and cerebral aqueduct, leading to obstructive hydrocephalus
and increased ICP.

m Treatment—ventricular drainage. In cases of massive IVH, it may be
difficult to keep the drain from becoming repeatedly clogged.
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The Neurointensive
Care Unit

Intracranial Pressure and
Cerebral Oxygenation

Sarice L. Bassin

GENERAL PRINCIPLES
Pathophysiology

The intracranial compartment is composed of the following components:
blood, cerebrospinal fluid (CSF), and brain. The Monro-Kellie hypoth-
esis states that the volume inside the skull is fixed, so that if there is
an increase in the volume of any of the components, there must be a
decrease in volume of another component. For example, CSF may be
shunted into the spinal canal in the setting of a brain mass. This is a com-
pensatory mechanism to keep intracranial pressure (ICP) constant. Once
the compensatory abilities are overwhelmed, pressure in the intracranial
cavity will rise rapidly.

When ICP is high, herniation can occur. During herniation, brain tis-
sue and blood vessels are compressed causing irreversible damage. If the
brainstem is involved, vegetative functions, including respiration, may
cease and brain death can ensue.

Cerebral perfusion pressure (CPP; CPP = mean arterial pressure
[MAP] - ICP) is the pressure gradient driving blood into the brain. If CPP
is too low, the brain can become ischemic. When cerebral autoregulation
is intact, blood vessels will constrict or dilate in order to keep cerebral
blood flow constant. After traumatic brain injury (TBI), cerebral auto-
regulation is often dysfunctional, and CPP must be closely monitored and
controlled. Therefore, in the setting of severe TBI, ICP measurement is
necessary to accurately determine CPP and prevent cerebral ischemia.

Frequent causes of elevated ICP in TBI are impaired autoregulation,
diffuse cerebral edema, focal brain contusions, intracerebral hemor-
rhage, epidural hematoma or subdural hematoma, hydrocephalus, and
venous sinus thrombosis.
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DIAGNOSIS
Clinical Presentation

» Initial presentation is variable but can include agitation, somnolence,
confusion, vomiting, unilaterally or bilaterally dilated pupils, sluggish
or absent reaction of pupil to light, and motor posturing.

= Blood pressure may be elevated in the body’s effort to maintain CPP.

» Papilledema may develop, although it would not likely be present
hyperacutely.

Radiographic Assessment
CT scan to evaluate for:

Intra- and extra-axial hemorrhages

Cerebral edema

Hydrocephalus or compression of ventricles

Midline shift

Effacement of the suprasellar or quadrigeminal plate cisterns
Effacement of sulci and gyri

TREATMENT
Guiding Principles

® Brain Trauma Foundation (BTF) Guidelines [1] recommend ICP moni-
toring in the following patients:

m Glasgow Coma Scale (GCS) 3 to 8 with abnormal head CT
® GCS 3 to 8 with normal head CT, and age > 40, SBP < 90 mm Hg,
or motor posturing

= ICP monitors typically used in the intensive care unit are either intra-
ventricular or intraparenchymal

= An external ventricular drain, a catheter placed into the ventricular
system to both monitor ICP and drain CSF, is still considered the
gold standard for measurement of ICP. The system is fluid coupled
and can be rezeroed after insertion.

® An intraparenchymal monitor consists of either a miniature strain
gauge pressure sensor or a fiberoptic catheter. These devices can
neither be rezeroed after insertion, nor drain CSF.

m ICP goal is less than 20 mm Hg.

m CPP goal is 50 to 70 mm Hg.

Initial Management of Elevated ICP

® Position—to improve venous drainage from the head:
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Raise the head of bed to at least 30°.
Keep the head midline.
Make sure that cervical collar is not too tight.

m Access

All patients undergoing ICP management should have a central
venous catheter placed for the administration of medications and
monitoring of central venous pressure (CVP).

Arterial catheters are helpful in closely monitoring MAP and CPP.

® Respiration

Patients with inability to protect the airway because of altered sen-
sorium should be intubated and mechanically ventilated.
Hyperventilation (arterial partial pressure of carbon dioxide [PaCO,]
< 35 mm Hg) decreases ICP by causing cerebral vasoconstriction,
therefore decreasing cerebral blood volume. Hyperventilation is
associated with diminished cerebral perfusion and it should be
avoided, especially in the first 48 hours after TBI.

The exact arterial partial pressure of oxygen (Pao,) goal is unknown
for this patient population, but oxyhemoglobin saturation less than
90% correlates with worse outcome. Some data suggests that a
minimum Pao, of 100 mm Hg should be maintained to prevent
cerebral hypoxia [2].

= Blood pressure

Systolic blood pressure < 90 mm Hg should be avoided.

MAP goal is > 80 mm Hg until CPP can be measured.

CPP goal is 50 to 70 mm Hg.

One study showed that routinely treating patients with a CPP goal
of 70 mm Hg was associated with an increased risk of acute respi-
ratory distress syndrome (ARDS) [3,4], but in individual patients,
a higher goal may be indicated (see also the section on Cerebral
Oxygenation).

If fluid resuscitation does not meet CPP goals, vasopressors should
be started.

m CSF drainage

If an EVD is in place, CSF can be drained to reduce ICP.
If an EVD is not in place, consideration should be given to placing
one.

= Osmotic agents

Mannitol 0.25 to 1 g/kg every 4 hours

¢ Check serum osmolarity (osm) every 6 hours and hold mannitol
for serum osm > 320 mOsm/L.

¢ Mannitol will cause diuresis and may cause hypovolemia; fluids
must be managed to keep patient euvolemic (CVP 5-10).
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® Hypertonic saline—must be given through a central line

* 3% NaCl—Give 250 cc over 30 minutes every 4 hours, or

* 23.4% NaCl—Give 30 cc over 10 minutes every 4 hours. Note that
23.4% NaCl can cause profound hypotension if infused too rap-
idly; it must be infused over 7o less than 10 minutes

¢ Check serum sodium every 6 hours and hold hypertonic saline
for serum sodium > 155 mEq/L

m Sedation and analgesia

m Adequate sedation and analgesia decrease cerebral metabolism and
therefore decrease cerebral blood volume. Sedation options are
listed in the following section.
¢ Benzodiazepines

e Lorazepam 2 to 10 mg/hour infusion
e Midazelam 2 to 10 mg/hour infusion

* Narcotics
e Morphine sulfate 4 to 20 mg/hour infusion
e Fentanyl 25 to 150 pg/hour infusion

* Anesthetics
* Propofol 30 to 100 pg/kg/minute. Propofol infusion syndrome

(PRIS) is an adverse drug reaction associated with high dose
(>65 pg/kg/minute) and long-term (>48 hours) use of propo-
fol. PRIS is almost uniformly fatal. Patients with PRIS develop
severe metabolic acidosis, rhabdomyolysis, renal failure, and
cardiovascular collapse. If using propofol for long term or at
high doses, check creatinine kinase and lactic acid every 6
hours. If either value is rising, or PRIS is otherwise suspected,
propofol should be discontinued immediately and an alterna-
tive sedative started. Treatment for PRIS is supportive.

e Barbiturates—These are often reserved for management of el-
evated ICP that is refractory to other medical treatment. Barbi-
turates are usually used with continuous electroencephalogram
monitoring to determine the depth of pharmacologic coma.
Titrating the medication to burst suppression is a common goal.
Barbiturate infusions usually cause hypotension. Vasopressors
and hemodynamic monitoring must be available to ensure that
an adequate blood pressure is maintained.
¢ Pentobarbital 10 to 15 mg/kg over 1 to 2 hours loading dose,

followed by 1 mg/kg/hour infusion. Infusion may be increased
to 2 to 4 mg/kg/hour as needed for goals

= Craniectomy

m Surgical removal of Part of the skull with a duraplasty can reduce ICP
by Decompressive and allowing the brain to expand.
m Evacuation of blood clots or lobectomy may be indicated.
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» Temperature control

m Fever control helps lower ICP. Normothermia should be a thera-

peutic goal. Cooling measures include acetaminophen 650 mg
every 6 hours, intravenous cooled saline, cooling blankets, and
intravascular cooling catheters.

Prophylactic hypothermia may be beneficial in special circum-
stances, but may be associated with an increased risk of pneu-
monia [1].

® Chemical paralysis

m In patients with shivering or dyssynchrony with the ventilator,

chemical paralysis with neuromuscular blockade may decrease
metabolic rate and lower intrathroracic pressure, thereby reducing
intracranial blood volume.

Daily holidays from chemical paralysis are advised, and ade-
quate sedation must be used in all patients who are chemically
paralyzed.

Train-of-four monitoring peripheral nerve stimulation should be
employed for a goal of 1 to 2 of 4 twitches during the use of neu-
romuscular blocking agents.

Cerebral Oxygenation

® There are multiple known methods to measure cerebral perfusion.
Some measure cerebral blood flow directly, but the more commonly
used technologies measure delivery of oxygen to the brain. Although
there is evidence linking treatment algorithms that utilize these tech-
nologies to improved outcomes, the usage remains controversial.

= Brain tissue oxygen monitors are intraparenchymal probes inserted
via a burr hole into the white matter of the brain. A treatment threshold
of <15 mm Hg is supported by the latest BTF Guidelines [1]. Treatment
options include:

Lowering ICP

Optimizing CPP (Some patients require CPP values above 70 mm
Hg for adequate perfusion.)

Increasing Paco,

Increasing Pao,

Increasing hemoglobin

m Jugular venous saturation monitoring requires a fiberoptic catheter to
be placed in the internal jugular vein. Per BTF guidelines [1], a reading
of <50% is associated with worse outcomes and merits treatment in
accordance with the treatment options described earlier
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The Role of Neuroprotective
Interventions in
Traumatic Brain Injury

David M. Panczykowski and David O. Okonkwo

BACKGROUND

Definitions

Primary (1°) injury—neuronal death or dysfunction as a consequence
of initial impact

Secondary (2°) injury—progressive ischemic, inflammatory, and cyto-
toxic processes initiated or potentiated by systemic and/or intracranial
insults

m Systemic insults—hypoxia, hypotension, hyperthermia,
hyperglycemia

® Intracranial insults—intracranial hypertension, cerebral edema,
mass lesion, cerebral vasospasm

Neuroprotective intervention—treatment initiated prior to and/or at
the onset of 2° injury with the aim of minimizing its intensity or
immediate effects

General Principles

Prophylaxis and early treatment of secondary insults may mitigate
2° injury and improve outcome following traumatic brain injury
(TBD.

Vast research has been conducted delineating the cascade of factors
responsible for 2° injury following TBI, with a subsequent focus on a
host of potential agents directed at ameliorating these insults.

= N-methyl-p-aspartic acid (NMDA) and a-amino-3-hydroxy-methyl-
4-isoxazolyl-propionic acid (AMPA) receptor antagonists—suppres-
sion of the excitotoxic response that follows TBI

m Cyclosporine A analogues and caspase and inhibitors—target mito-
chondrial dysfunction and its interplay with apoptosis
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m Progesterone—exerts an effect through neuroprotective hormone
receptors

m Despite promising experimental results, all phase Il randomized clinical
trials (RCTs) evaluating neuroprotection via pharmacological interven-
tions have failed to show an improvement in outcome following TBI.

® Various reasons have been postulated for the lack of efficacy,
including:

= Complexity and poor understanding of the pathophysiologic mech-
anisms at play in TBI

m Heterogeneity of the condition and population

m Flaws in trial design and outcome assessment

® Given the plurality of mechanisms responsible for cellular injury,
it remains unlikely that any single-agent treatment can address all
aspects of TBI pathophysiology.

» The only widely accepted neuroprotective strategies for 2° injury at
present target proven systemic and intracranial insults readily ame-
nable to common therapeutic interventions (e.g., hypoxemia, hypoten-
sion, hyperthermia, and hyperglycemia).

HYPOXEMIA
Guiding Principles

m The brain accounts for 20% of the body’s oxygen consumption. Blood
oxygen content exceeds the brain’s utilization by only a factor of 2 or
3, leaving the brain vulnerable to small changes in oxygen supply.

® Primary damage stresses the tenuous balance between supply and
demand, making the brain more susceptible to secondary ischemic
insults.

m The detrimental effect of secondary ischemic damage is well docu-
mented; both depth and duration of hypoxemia are significantly asso-
ciated with increased morbidity and mortality.

m Cerebral oxygen delivery is a function of cerebral blood flow (CBF)
and arterial oxygen content.

Diagnosis and Treatment

m Although no treatment threshold exists per se, studies have found
severe morbidity and mortality to be associated with Pao, < 60 mmHg
and O, saturation < 90% [1]. Hyperventilation, except as a brief tempo-
rizing maneuver in the setting of elevated intracranial pressure (ICP),
should be avoided [2].

m Multiple therapies directed at increasing oxygen delivery and
utilization have been investigated (e.g., normo- and hyperbaric
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hyperoxia, Pbo, directed therapy), but have produced only equivo-
cal results [3].

m Direct measures of the cerebral metabolic rate of oxygen consump-
tion (CMRO2) have shown no increase in brain O, utilization with
normobaric hyperoxia. Hyperbaric treatment has been shown to
increase CMRO2; however, a clear clinical benefit has yet to be
demonstrated.

m Although studies have shown poor outcome with hypoxic brain
oxygen tension (Pbo, < 15 mm Hg), no randomized controlled trial
currently exists proving Pbo, monitoring to be beneficial [4].

® Potential toxicity of hyperoxia

m Prolonged high fraction of inspired oxygen (Fio,) has been
associated with injury to the lens of the eye, lungs, heart,
brain, and gastrointestinal tract and may also lead to cerebral
vasoconstriction.

m High positive end expiratory pressure (PEEP > 15-20 mm Hg)
should be avoided; PEEP is transmitted through lungs to thoracic
vessels leading to cerebral venous congestion and increased ICP.

m The potential risks in combination with no clear benefit should
preclude the use of hyperoxia until RCTs demonstrate a clear
advantage.

® Goals of ventilator management should be eucapnic ventilation (Paco,
35-40 mm Hg) with sufficient oxygen delivery to avoid hypoxemia or
brain hypoxia.

HYPOTENSION
Guiding Principles

®m Hypotension is one of the most powerful predictors of outcome—a
relationship that is independent of Glasgow Coma Scale (GCS) score,
age, or intracranial lesion [1].

m Changes in CBF following TBI generally occur in three phases:

» Hypoperfusion and ischemia—®6 to 12 hours post injury
® Hyperemia and concomitant ICP increases—24 to 48 hours
m Vasospasm with decreased perfusion—>72 hours

® Major influences on cerebral circulation include adequate blood pres-
sure, flow-metabolism coupling, Paco,, and cerebral autoregulation;
dysfunction in any or all post-TBI puts patients at risk for hyperemia
and/or ischemia.

m Mean arterial pressure (MAP) or cerebral perfusion pressure (CPP) are
used as surrogates for estimating cerebral perfusion.
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Diagnosis and Treatment

For a detailed discussion of this topic, please see Chapter 26.

HYPERTHERMIA
Guiding Principles

® Hyperthermia in the acute postinjury phase is associated with longer
ICU stay and worsened neurologic outcome [5].

® Temperature surges occur in up to 67% of TBI patients within the first
72 hours after admission, and may result from multiple causes (hypo-
thalamic disruption, inflammation, medications, surgery, etc.).

Diagnosis and Treatment

m Core temperature should be monitored (preferably by brain temper-
ature probe or rectal thermometer) and temperature spikes > 38°C
should be avoided and aggressively treated [6].

m Inconsistent research results preclude recommendation of hypo-
thermia as a standard of care intervention in TBI.

® In addition to the common methods of identifying causative factors
accompanying fever (e.g., infection), one should also consider central
causes of temperature dysregulation.

® Antipyretics, extracorporeal cooling, gastric lavage, and intravascular
cooling catheters have all been investigated as means to prophylactically
control temperature in TBI patients. Intravascular cooling catheters
have shown the most consistency in induced normothermia, without
increases in rates of infection, antibiotic, or sedation usage [6,7].

HYPOCAPNIA
Guiding Principles

® Hypocapnia (Paco, = 30-35 mm Hg) is generally caused by intended
or accidental hyperventilation (e.g., with therapeutic hyperventilation
in managing increased ICP) [1].

» The ability of hyperventilation (and hypocapnia) to reduce cerebral
blood volume (CBV) is achieved at a disproportionate cost to CBF,
which may be especially harmful in the first 24 hours post injury [8].

m The effects of hypocapnia on vascular smooth muscle are pH medi-
ated; cerebral and renal buffering returns pH to normal within 4 to
6 hours eliminating this effect and precluding the use of sustained
hypocapnia. In addition, this buffering leads to pH-overshoot and
subsequent rebound hyperemia or increased ICP.
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Diagnosis and Treatment

® Prophylactic hyperventilation should not be used, as it has been asso-
ciated with worsened ICP control and poor neurologic outcome.

® Brief (e.g., 20 minutes) moderate hyperventilation for ICP reduction
should be undertaken cautiously and only until a pathology-specific
intervention is instituted.

HYPERGLYCEMIA
Guiding Principles

m The massive stress response following TBI results in elevated cir-
culating catecholamine levels with subsequent increases in serum
glucose.

® Hyperglycemia, which leads to intracellular acidosis, is associated with
the development of reactive oxygen species, especially during the
acute ischemic phase of TBI, exacerbating 2° brain injury.

= Admission and early postoperative hyperglycemia (serum glucose
> 200 mg/dL) has been associated with worse neurologic and mortal-
ity outcomes [9].

Diagnosis and Treatment

m A target serum glucose < 180 to 200 mg/dL decreases episodes of
hyperglycemia and has been associated with decreased mortality [9].

= Note that intensive insulin therapy (target glucose 80-110 mg/dL)
results in an increased risk of hypoglycemic episodes without confer-
ring mortality benefits. Conservative treatment of glucose levels > 180
mg/dL is generally accepted as striking the best balance.

POSTTRAUMATIC SEIZURES
Guiding Principles

® Posttraumatic seizures (PTS) may occur in 20% to 25% of all patients
suffering TBI and the incidence ratio of PTS for mild, moderate, and
severe TBI has been shown to be 1.5, 2.9, and 17.0, respectively [10].
PTS can be classified by time of onset—immediate (first few hours),
early (occurring during first week), and late (>1 week post insult).

m Late posttraumatic epilepsy is associated with severity and type of
injury (subdural and intracerebral hemorrhage, skull fractures, neu-
rologic dysfunction) [11]; biochemical and structural alterations have
been the main pathophysiologic mechanisms proposed.
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Diagnosis and Treatment

» Studies to date have not addressed effects of PTS on secondary injury.
However, early prophylactic treatment with antiepileptic drugs (AEDs;
i.e., for the first week post injury) has been shown to decrease the rela-
tive risk of early PTS although this is without a concordant decrease in
development of late seizures (i.e., posttraumatic epilepsy), morbidity,
or mortality [12].
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Nutritional Considerations

Aaron M. Cook

GENERAL PRINCIPLES

® Moderate to severe traumatic brain injury (TBI) patients often require
the use of parenteral nutrition (PN) or enteral nutrition (EN) because
of feeding difficulty.

m Nasogastric EN in TBI patients typically leads to considerable feeding
intolerance and ultimately relative malnutrition and immunosuppression;
duodenal or jejunal feedings are preferred when providing EN [1,2].

® The Brain Trauma Foundation Guidelines recommend that moderate to
severe TBI patients receive full caloric replacement by day 7 after injury
(with no specification of route) and suggest initiating feeding within
72 hours after injury and targeting 100% to 140% of estimated resting
metabolism expenditure (15%-20% of those calories being protein) [3].

DIAGNOSIS
Clinical Presentation

® Frequently reassess ability to swallow or the need for temporary feed-
ing access.

m Gastrostomy tubes are often more convenient for patients who are
unable to swallow for a prolonged period of time (i.e., weeks to
months). TBI patients are more likely to tolerate gastric feedings as
the acute phase of illness subsides. Typically by week 2 or 3 after TBI,
gastric feedings are safe and able to provide adequate calories.

= PN may be considered in patients with early feeding difficulty who do
not tolerate EN within the first few days after injury. The benefits of
early nutrition must be balanced with the risks of PN.

Monitoring

® Anthropomorphic basal energy expenditure equations may be useful
to estimate initial metabolic needs. Assessment and development of a
nutritional goal and initiation of nutrition should not be delayed.

187
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®» Measurement of metabolic needs by indirect calorimetry is likely more
accurate, although less convenient and more time consuming, than
estimation using common basal energy expenditure equations.

m Other caloric sources such as lipid emulsion solvents seen with propo-
fol and clevidipine should be included in total calories provided in
order to avoid overfeeding when patients receive one of these IV infu-
sions plus full EN or PN.

m Electrolyte abnormalities (particularly hyponatremia), hyperglycemia,
and visceral/skeletal protein wasting are commonly problematic and
should be addressed with the nutrition plan.

TREATMENT
Guiding Principles

m Despite comatose appearance, TBI patients have increased metabolic
needs (~120%-140% of resting metabolic expenditure) because of
hypercatabolic response.

m Estimates may be as high as 160% in pediatric patients and adults with
multitrauma.

m Conversely, needs may be as low as 80% in pharmacologically induced
coma.

Initial Management

m Place postpyloric feeding access as soon as possible.

m Use a calorically dense EN product as early as possible (preferably
within 48 hours after injury).

m Provide at least 15% to 20% of calories as protein to account for protein
catabolism.

® Some studies suggest success in starting EN near goal rate; common
practice tends to focus on slowly increasing EN rate to goal over 12 to
48 hours, depending on patient tolerance [4,5].

» Frequently reevaluate metabolic needs as patient convalesces and
clinically improves.

m Large volumes of salt-free water and other hypotonic fluids should be
avoided to prevent exacerbation of cerebral edema or hyponatremia.

Glycemic Control

® The optimal range of glucose values is an often debated topic in criti-
cally ill individuals.

® Admission hyperglycemia and occurrences of hyperglycemia (>200
to 225 mg/dL) may be associated with morbidity and mortality in TBI
patients [6,7].
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m The rate of infectious complications, immune dysfunction, and other
noninfectious complications such as polyneuropathy are closely asso-
ciated with elevated glucose concentrations [8].

» Hypoglycemia also appears to be associated with an increased mortal-
ity in critically ill individuals [9].

m TBI patients exhibit some differences in brain glucose metabolism
and likely require slightly higher glucose values to ensure appropriate
brain metabolism; maintenance of serum glucose values between 80
and 110 mg/dL (“intensive insulin”) may result in cerebrospinal fluid
(CSF) glucose values below the normal threshold [10].

m Serum glucose values of 100 to 180 mg/dL should result in improved
CSF glucose values and reduce the risk of hypoglycemia.

Treatment Controversies

» Timing—If early is best, is “settling” for PN in first few days after injury
when EN is not feasible likely to confer the same benefit as early EN? If
PN is used in this situation, clinicians should be vigilant to avoid per-
missive delays in EN initiation while providing early PN (.e., should
still be aggressive in attempting to start EN as soon as possible) and
caution should be used in patients with intracranial hypertension or
the potential for cerebral edema.

® Management of hyperglycemia—Optimal glycemic thresholds are
often debated and may be different in TBI patients than in other criti-
cally ill populations.

®» Immunonutrition—Role of immunonutrients such as glutamine, argi-
nine, and omega-3 fatty acids in the inflammatory response of TBI
patients is ill-defined. Theoretical suppositions can be made based
on the pathophysiology of TBI and the mechanism of action of these
immunonutrients, but clinical data is lacking.

= No published studies evaluating immunonutrients in TBI patients
are available.

® Based on the current understanding of the mechanism of action of
each individual nutrient, caution should be exercised when evaluat-
ing the use of immunonutrients.

® Glutamine, although potentially beneficial in PN patients and those
with infections, may be deleterious because of the potential con-
version to glutamate, an excitatory neurotransmitter known to be a
major factor in the pathology of secondary brain injury.

m Arginine, although potentially beneficial in trauma patients by
increasing nitric oxide-mediated perfusion, may be harmful in TBI
patients by increasing nitric oxide in cerebral circulation, thereby
increasing cerebral blood volume and intracranial pressure.

= In contrast, omega-3 fatty acids may be able to mitigate the central
inflammatory response and propagation of lipid peroxidation due
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to the ischemia and metabolic dysfunction seen after severe TBI
by shunting prostaglandin production away from arachidonic acid
and associated metabolites.

m Continued assessment of nutritional needs—Optimal timing of reduc-
tions in calories and protein is not well defined as the TBI patient improves
clinically. Clinicians should continue to monitor caloric needs, nutrition
tolerance, and caloric intake, even after the acute illness subsides.
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Initial Rehabilitation
Interventions in the

Acute Hospital Setting and
Transitioning to the Next
Level of Care

Kemesha Delisser and Brian Greenwald

INTRODUCTION

Moderate to severe traumatic brain injury (TBD) carries an overall mor-
tality of 20% to 50% with 85% of those mortalities occurring within the
first 2 weeks of injury [1,2]. For those who survive, significant risk of
disability remains. Initial TBI treatment goals are focused on decreasing
its significant mortality and prevention of negative sequelae and disabil-
ity. Initial rehabilitation interventions in the acute hospital setting is to
begin to shift focus from life-saving measures and medical stabilization
to optimization of the medical milieu in the context of CNS recovery and
preservation or restoration of function. Early rehabilitation or physia-
try consultation and formal intervention programs are associated with
decreased acute hospital length of stay and improved functional out-
comes [3]. The following topic areas represent commonly encountered
acute hospital considerations for patients with TBI.

AGITATION

® Agitation occurs in up to 33% to 50% of moderate to severe TBI patients
sometime during the acute course [4,5].

m Search for the cause of agitation which may include seizures, pain,
hypoxia, recent medication changes, or infection.

» Implement environmental modifications—lower lights, turn off TV and
radio, decrease visitations and/or number of visitors in the room.

®» Minimize use of restraints because they can increase agitation and
cause harm.
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®» Pharmacological treatment should be kept to a minimum; use the
lowest dose possible to address symptoms, and taper as tolerated (see
also Chapters 38 and 39).

m For restlessness, consider trazodone, carbamazepine, or valproate.

m For aggression, consider 3-blockers (metoprolol and other 3 selec-
tive agents are preferred) or valproate.

» For emotional lability, consider selective serotonin reuptake inhibi-
tors or valproate.

= To manage psychotic features, consider risperidone, olanzapine,
or other atypical antipsychotics. Typical neuroleptics should be
avoided owing to dopamine blockade.

m Use of Ativan or other benzodiazepines should be discouraged to
the extent possible, because they may cause sedation and amnesia
and are associated with risk of paradoxical agitation as well as
adverse effects on neuroplasticity.

CONTRACTURES AND SPASTICITY!

m The first stage of treatment involves aggressive range of motion,
stretching, and exercise [6]. Initial interventions should be initiated in
the intensive care unit. Repeatedly reassess and modify approach as
warranted based on evolving clinical condition.

= Treatment should be geared toward functional improvement and pain
relief.

m Splinting or serial casting of extremities should be considered when-
ever appropriate.

= Pharmacological therapies (e.g., dantrolene, baclofen) may be con-
sidered. Close patient monitoring is required, because tone-lowering
medications can have negative effects on cognition.

NUTRITION/SWALLOWING STATUS

m TBI results in catecholamine excess acutely, leading to hypermetabo-
lism, increased energy expenditure, and increased protein loss; as a
result, TBI patients have increased caloric requirements [6-9].

m Early nutritional support decreases morbidity and mortality, shortens
hospital length of stay, and may decrease disability [7].

® Brain Trauma Foundation (BTF) Guidelines for the Management
of Severe Traumatic Brain Injury recommend that patient’s feeding
requirements be met by the first week after TBI [7] (see Chapter 28 for
a detailed discussion of nutritional considerations in TBI).

See Chapter 52 for a detailed discussion of spasticity.
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» Swallow mechanism may be impaired in up to 82% of TBI patients [10].
Note that 12% of patients with swallowing disorders may have normal
gag reflex and 77% have good voluntary cough reflex [11].

= TBI patients may have impaired gastric emptying secondary to vagus
nerve damage, elevated levels of endogenous opioids, or use of medi-
cations such as narcotics.

m If using enteral nutrition, check feeding residuals periodically.

® Promotility agents such as erythromycin may be considered.

m Metoclopramide should be used sparingly if at all because of its
dopamine antagonist activity.

BOWEL AND BLADDER?

® Injury to frontal lobes can cause loss of cortical control over bowel
and bladder.

® Incidence of urinary incontinence is 62% [12] and that of urinary reten-
tion is 9% [6].

m Note associated increased risk of urinary tract infection and skin
ulcer development.

m Urinary incontinence treatment options include timed voiding pro-
grams and use of anticholinergic agents. Urinary retention treatment
may include intermittent catheterization or Foley catheter placement.

= Constipation can also be present secondary to immobility and
medications.

» Bowel treatment options include use of a timed bowel program, fiber
supplementation, maintenance of adequate hydration, and selected
medication use (e.g., stool softeners, stimulant suppositories).

PAIN3

Pain is a common cause of agitation; evaluating for etiology may be dif-
ficult due to patient confusion or decreased consciousness.

= Management guidelines

m Use long-acting or around-the-clock dosing for patients unable to
effectively communicate pain medication needs.
® Minimize use of sedatives and opiates.

¢ Scheduled acetaminophen and nonsteroidal anti-inflammatory
drugs are highly effective in many instances.

2 See Chapter 32 for a further discussion of management of bowel and bladder
issues in TBI.
3 See also Chapter 40 for a detailed discussion of pain management in TBI.
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®» Whenever possible, use mechanical interventions to prevent exac-
erbation of pain (e.g., positioning, splinting).

SEIZURE PROPHYLAXIS*

m Posttraumatic seizures are classified as immediate (first 24 hours),
early (<7 days after TBI), or late (>7 days after TBD) [7,13].

m BTF Guidelines suggest the use of phenytoin as prophylaxis to prevent
early seizures in high-risk patients, defined as those with GCS < 10,
cortical contusion, depressed skull fracture, hematoma, penetrating
head wound, or seizure within 24 hours of head injury [7].

® Phenytoin trials demonstrate efficacy in preventing early seizures but
no impact on incidence of long-term seizures [14].

= Anticonvulsants have been associated with adverse side effects,
including hematologic abnormalities, ataxia, and neurobehavioral side
effects; they may also impair neural plasticity. Therefore, prophylaxis
is not recommended beyond 7 days post injury [14-19].

= Monitor use of anticonvulsants, and discontinue after the first week
whenever possible.

DEEP VEIN THROMBOSIS PROPHYLAXIS

» There is a reported 20% incidence of deep vein thrombosis (DVTs) first
detected in TBI patients upon admission to inpatient rehab [0].

m High-risk patients are those with advanced age, severe injury, clotting
disorders, prolonged immobilization, and multiple transfusions [7].

m General guidelines for DVT prophylaxis

= Pharmacological intervention has been shown to be efficacious.
Early use must be weighed against the risk of expansion of hemor-
rhage. Subcutaneous heparin (or a low-molecular-weight hepari-
noid [LMWH]) can generally be started 36 hours after trauma [17].

m Mechanical compression stockings, aspirin, and lose-dose warfarin
may reduce risk, but data does not suggest equivalent efficacy.

® Discuss timing of initiation with primary service.

m Very high-risk patients with contraindications for other methods of pro-
phylaxis can be considered for inferior vena cava filter placement.

= Consider use of a retrievable filter with removal soon after clinical
indication for placement resolves.

= DVT prophylaxis should be continued until the patient is ambulatory, or
sufficient time has passed, given the comorbidities and clinical status.

4 See also Chapter 47 for a detailed discussion of posttraumatic seizure
management.
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ENDOCRINE ABNORMALITIES®

The signs and symptoms of hypothalamopituitarism may be subtle and
may overlap with the neurologic and psychiatric sequelae of TBI [18,19].
Maintain a low threshold for suggesting or initiating an endocrine work-up
when clinically indicated, as described in the following section.

® Acute corticosteroid deficiency—adrenal crisis

= Symptoms—weakness, nausea, vomiting, abdominal or flank pain,
hyperthermia or hypothermia, and hypovolemic shock

m Clinical and laboratory findings—hypotension, hypoglycemia,
hyponatremia, myopathy, anemia, eosinophilia, QT prolongation,
or deep T waves on electrocardiogram

® Adrenal crisis is life-threatening and should be treated immediately
with glucocorticoid replacement.

m Syndrome of Inappropriate Antidiuretic Hormone Secretion (STADH)

= Symptoms—anorexia, vomiting, worsening cognitive function, agi-
tation, headache, and seizures

m Clinical and laboratory findings—hyponatremia; fractional excre-
tion of sodium is greater than 1%

® May be precipitated by medications such as amitriptyline, carbam-
azepine, and phenobarbital

m Treatment—fluid restriction, saline infusion. Correct no more than
12 mEq/L in first 24 hours and no more than 6 mEq/L on subse-
quent days.

m Neurogenic diabetes insipidus

m Associated with basalar skull fractures
m Treat with increased oral fluid intake, IV hypotonic fluid, and/or
vasopressin.

MEDICATIONS TO BE AVOIDED

Regardless of clinical condition, certain medications should be avoided
in TBI because of the risk of increased sedation, worsening cognitive,
behavioral, or affective impairments, and/or adverse effect on neural
plasticity. Some common examples are as follows:

® Anticholinergics (e.g., Benadryl, some tricyclic antidepressants)—can
cause delirium and worsen sedation

= Dopamine blockers (e.g., metoclopramide, typical antipsychotics such
as haloperidol)

® Dopamine blockade is associated with worse motor recovery in ani-
mal studies and prolonged posttraumatic confusion in human trials

5 See also Chapter 49 for a detailed discussion of this topic.
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m Central-acting a-1 antagonists (prazosin) and a-2 agonists (clonidine)—
can increase sedation
®= H2 Blockers (e.g., famotidine)—can increase confusion and sedation
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Disorders of Consciousness

Brian Greenwald and Phalgun Nori

BACKGROUND
Definition

States of altered consciousness, referred to as disorders of conscious-
ness (DOQ), can be categorized as follows: coma, vegetative state (VS),
and minimally conscious state (MCS). This classification is based on the
recommendations of Aspen neurobehavioral conference workgroup in
1995 [1,2].

Pathophysiology

The etiology of DOC can be broadly categorized into traumatic ver-
sus nontraumatic brain injuries. Coma results from severe diffuse dys-
function of cerebral cortices, underlying white matter, or brainstem
structures. The most common acute causes of VS are head trauma and
hypoxic-ischemic encephalopathy. After an initial severe head injury, a
patient may enter the comatose stage, which can last from several days
to weeks. Thereafter, the brainstem and lower diencephalon resume
function and the patient enters the VS. In a minority of patients, the VS
occurs immediately after the insult, without an initial period of coma.
The two most common neuropathologic changes noted in patients in VS
are diffuse laminar cortical necrosis and diffuse axonal injury (DAD.

Differential Diagnosis

Other causes of altered mental status, including subclinical seizures,
toxic, metabolic, and infectious encephalopathies, and structural changes
such as hydrocephalus should be considered and ruled out.

Evaluation of the Patient

A thorough bedside neurologic examination should be performed to evalu-
ate a patient with altered consciousness. The examination must be repeated
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to avoid misdiagnosis. The neurologic examination should evaluate the
integrity of the brainstem and presence of higher cortical level functions.

COMA

Coma is a state of pathologic unconsciousness in which eyes remain
closed and patient cannot be aroused. Defining feature is absence of
sleep-wake cycles.

Evaluation

m Glasgow Coma Scale (GCS)—measures the best eye, motor, and verbal
responses, and is a widely used and accepted severity score for trau-
matic brain injury (TBD. A score of 13 to 15 is considered mild TBI,
whereas a score of 9 to 12 is considered moderate TBI and a score of 3
to 8 is classified as severe TBI. The lowest total score (.e., 3 out of 15)
indicates likely fatal damage, especially if both pupils fail to respond
to light and oculovestibular responses are absent. Higher initial scores
tend to predict better recovery [3]. By convention, the severity of head
injury is initially defined by the GCS.

m JFK Coma Recovery Scale-Revised (CRS-R)—CRS-R is considered the
most accurate objective clinical evaluation measure of DOC [4]. CRS-R
was developed to help characterize and monitor patients with DOC,
and has been used widely in both clinical and research settings within
the United States and Europe. The CRS-R assesses auditory, visual, ver-
bal, and motor functions as well as communication and arousal level.

VEGETATIVE STATE

VS is characterized by the absence of behavioral evidence of self or the
environment in the context of evidence of functional restoration of the
reticular system (e.g., eye opening or wakefulness). This diagnosis is
made when there is no evidence of sustained or reproducible purposeful
behavioral response to visual, auditory, tactile, or noxious stimuli, and
no evidence of language comprehension or expression. VS is usually
preceded by a period of coma.

m The terms Persistent VS (PVS) and Permanent VS (PNS) have been
used by some, but these terms are discouraged because they imply
not only level of consciousness but also prognosis, and may be mis-
leading. The Aspen group recommends simply using the term VS
accompanied by the cause of injury along with the specific length of
time since onset.

® Prognosis—The Multi-Society Task Force on PVS concluded that patients
in VS due to a TBI for greater than 1 year had a low probability of recov-
ering awareness [5]. Based on a recent study by Estraneo [6], however,



Disorders of Consciousness 201

33% of patients who were in a VS > 12 months from onset of injury
either progressed to the MCS or regained consciousness with severe
to extremely severe disability. Outcome is generally more favorable in
younger patients. For patients who remain in the VS, the Task Force
summarized the duration of survival time as follows: “Life expectancy
ranges from 2 to 5 years, survival after 10 years is unusual” [5].

m Neuroimaging—Functional neuroimaging has been shown to aid
in identification of covert cognitive function in patients in the VS.
Activation studies have the potential to demonstrate distinct and spe-
cific physiological responses to environmental stimuli, such as changes
in regional blood flow or changes in regional cerebral hemodynamics
[6,7]. This approach presently remains largely experimental, although
broader routine clinical application may develop in time.

MINIMALLY CONSCIOUS STATE

MCS is a condition of severely altered consciousness in which minimal
but definite behavioral evidence of self or environmental awareness is
demonstrated. In MCS, cognitively mediated behavior occurs inconsis-
tently, but is reproducible or sustained long enough to be differentiated
from reflexive behavior. A patient must demonstrate awareness of self
and environment on a sustained basis by one or more of the following:
following simple commands, gestural or verbal yes/no responses, intel-
ligible verbalization, or purposeful behavior.

Emergence From MCS

Emergence from MCS to a higher state of consciousness is characterized
by reliable and consistent demonstration of functional interactive com-
munication and/or functional use of two different objects [2].

® Functional interactive communication may occur through verbaliza-
tion, writing, yes/no signals, use of augmentative communication
devices, or following commands. Six out of six correct responses to
basic orientation or situational questions marks the transition from
MCS to recovery of full consciousness [2].

» Functional use of objects requires that the patient demonstrate behav-
ioral evidence of object discrimination; the patient should be able to
use two different objects on two consecutive evaluations [2].

Avoiding Misdiagnosis

MCS can be differentiated from coma and VS by documenting the pres-
ence of specific behavioral features not found in either of these condi-
tions. Patients in MCS demonstrate some capacity for cognitive processing
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and perception of pain; patients in VS do not experience pain. Overall
prognosis of patients in MCS is more favorable relative to those in VS.
Misdiagnosis can be minimized by structured clinical evaluation.

Prognosis for Recovery Following MCS

When comparing patients in MCS to those in VS, functional outcome
appears to be better for the group of patients in MCS. Individuals in
MCS showed more rapid improvement, a longer period of recovery, and
significantly less functional disability at 12 months [8].

In a recent study by Luaute [10] which sought to characterize outcomes
of a etiologically heterogeneous population of patients in VS and MCS
for greater than one year, 30% of patients in MCS regained conscious-
ness between one and five years after injury, though all were severely
disabled.

TREATMENT
Pharmacological

®» The mainstay of pharmacological management in DOC is minimiza-
tion of use of medication that may exacerbate central nervous system
depression or sedation (e.g., opiates, benzodiazepines, 3-blockers, and
anticonvulsants).

» Amantadine—There is paucity of data on the effects of medications on
recovery from prolonged impairments of consciousness. Amantadine
is a tricyclic water-soluble amine salt that affects the synthesis, accumu-
lation, release, and reuptake of catecholamines in the central nervous
system. Amantadine has been hypothesized to facilitate brain recov-
ery through effects on dopamine and N-methyl-p-aspartate (NMDA)
receptors. In a small randomized controlled trial [9], amantadine was
shown to improve rate of recovery in patients with DAI-associated
TBI, but was not specific for patients with impaired consciousness.
Stimulants such as amphetamine and methylphenidate have been used
to facilitate arousal and recovery as well, but at present there is insuf-
ficient data to promote routine use of these agents to promote recovery
from DOC in TBI.

Nonpharmacological

m Supportive care is key in management of DOC. Maintaining skin
integrity, preventing or treating infections, assessing or providing for
adequate splinting and equipment needs, and educating family or
caregivers about the nature of this condition are core components of
management for these patients.
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m Deep brain stimulation (DBS)—In a recent study by Schiff [10], DBS
was undertaken in a patient who remained in MCS 6 years after TBI.
At baseline, the patient was nonverbal and had inconsistent command
following. The DBS electrodes were implanted targeting the anterior
intralaminar thalamic nuclei and adjacent paralaminar regions of both
thalami. After DBS implantation, changes were noted in the behavior
of the patient, including longer periods of eye opening, increased
responsiveness to commands, and intelligible verbalization. The
observed improvements in arousal level, motor control, and behav-
ioral persistence might be due to direct activation of frontal cortical
and basal ganglia systems, which play a key role in the brainstem
arousal systems. This single case report suggests that further study
may be warranted to determine whether the implantation of central
DBS might benefit patients who are in MCS. DBS was not shown to
have any effect on patients in either coma or VS [11].
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The Role of Specialized
Brain Injury Units in the
Rehabilitation Process

Allen W. Brown

LONGITUDINAL CARE

m Consensus exists for providing a continuum of care to individuals and
their families or significant others after moderate to severe traumatic
brain injury (IBD), from acute hospitalization to outpatient clinical care
and community-based services.

m Ideally, inpatient rehabilitation brings into focus the comprehensive
rehabilitation plan of care initiated by rehabilitation consultation and
services provided during acute hospitalization, medical and surgical
treatment, and stabilization.

» Inpatient brain injury rehabilitation provides comprehensive medi-
cal rehabilitation services as individuals emerge from trauma-induced
alterations of consciousness and families or significant others begin
adjusting to these changing circumstances.

® As the link between acute medical care and community-based ser-
vices, specialized inpatient brain injury rehabilitation units are a cru-
cial source of clinical data, to define baseline injury severity, monitor
progress, measure outcome and satisfaction, and to use for bench-
marking and practice improvement [1].

PRACTICE MODELS
Centralized Brain Injury Units

m Geographically smaller countries with nationalized health care, and
states in the United States with single urban medical centers and large
rural populations, often have trauma systems that direct individu-
als who experience catastrophic and polytraumatic injuries to single
trauma centers for definitive care.

m This practice model has been shown to improve outcome compared to
usual care [2]. This model of care, providing acute and rehabilitation
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services in a single location from admission to the acute hospital
through discharge after rehabilitation, is uncommon in the United
States, and not as developed in Europe for TBI as it is for stroke [3].

Brain Injury Services in Rehabilitation Units

= Most brain rehabilitation units in the United States exist either within
acute hospitals or as free-standing rehabilitation hospitals.

m Clinical services—Consensus exists about what clinical services should
be provided during inpatient rehabilitation for TBI [4].

Rehabilitation services should be customized to individual needs
and refined with clinical change.

Services should be comprehensive and interdisciplinary.
Cognitive and behavioral assessment should be included.
Evaluation of and treatment for substance abuse should be a com-
ponent of these rehabilitation programs.

Persons with TBI, and their families or significant others should
be involved in the rehabilitation process. Families and signifi-
cant others should also be supported through the rehabilitation
process.

The use of medications for behavioral management and cognitive
enhancement should be carefully considered.

Specialized programming is necessary for individuals in pediatric
and geriatric populations with TBI.

» Admission guidelines—Many rehabilitation units use admission guide-
lines as set forth by the Centers for Medicare and Medicaid Services,
although these guidelines may not apply to individuals not covered by
government-funded health care.

An individual should be able and willing to actively participate in
an intensive rehabilitation program (recommended intensity and
duration: 3 hours of daily therapy services, 5 out of each 7 days) and
should be expected to make measurable improvement in functional
capacity or adaptation to impairments.

Rehabilitation services should be ordered by a rehabilitation phy-
sician with specialized training and experience in rehabilitation
services and be administered by an interdisciplinary team.
Specialized rehabilitation physician and nursing care is needed.
Rehabilitation care should be provided by qualified personnel
in rehabilitation nursing, physical therapy, occupational therapy,
speech-language pathology, social services, psychological services,
and prosthetic and orthotic services.

Appropriate care can not be provided in a less intensive medical
setting, such as in a skilled care environment.
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m Rehabilitation treatment for individuals in coma or a minimally con-
scious state include the following.

m Rehabilitation care for individuals who remain in coma or who are
minimally conscious after reaching medical stability is provided in
specialized hospital-based rehabilitation settings, long-term acute
care facilities, or in a skilled care environment.

m Treatment approaches are generally grouped into three types—sen-
sory stimulation, physical management, and neuromodulation [5].

® Variations in determining level of consciousness, small sample
sizes, and poor study design have limited the application of
existing research to develop clinical assessment and treatment
guidelines.

®= Many interventions have shown some positive effects on increasing
arousal, but more methodologically rigorous study is needed [0].

m Rehabilitation after TBI and polytrauma in the military (see also
Chapter 64)

® The Polytrauma System of Care is an integrated system of special-
ized care created by the Department of Veterans Affairs.

m It serves veterans and active duty service members who have
TBI and polytrauma injuries through regional centers around the
country.

m Clinical trials in these centers have shown differential positive
effects in subpopulations for cognitive and functional treatment
approaches [7].

BRAIN INJURY TREATMENT EFFECTIVENESS

= In an evidence-based review of randomized controlled trials, quasi-
randomized and quasi-experimental designs—comparing multidis-
ciplinary rehabilitation with either routinely available local services
or lower levels of intervention; or trials comparing an intervention
in different settings or at different levels of intensity—it was found
that [8]:

» for moderate to severe injury, there was “strong evidence” of benefit
from formal intervention;

m for patients with moderate to severe TBI already in rehabilitation,
there was “strong evidence” that more intensive programs are asso-
ciated with earlier functional gains;

m there was “limited evidence” that specialized inpatient brain injury
rehabilitation units may provide additional functional gains.

m In an assimilation of randomized controlled trials in the literature and
a review of TBI rehabilitation trials chosen based on evaluation of
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research quality irrespective of study design, it was found that [9]:

m carly intensive rehabilitation is recommended;

m specialized brain injury programs are recommended for individuals
with complex needs;

® vocational programs are recommended for individuals with this
potential.

BRAIN INJURY REHABILITATION DATABASES

A national consortium of 16 academic rehabilitation research centers,
the Traumatic Brain Injury Model Systems (funded by the National
Institute on Disability and Rehabilitation Research), have contributed
data about individuals admitted to specialized brain injury inpatient
rehabilitation units to a common database since 1989.

Data from acute care and inpatient rehabilitation are submitted, and
outcome data are collected from subjects at 1, 2, and 5 years after
injury and every 5 years thereafter.

This database is used for longitudinal analysis of data from people
with TBI in their communities and supports research toward develop-
ing evidence-based TBI rehabilitation interventions [10].

m Other proprietary data sources (such as eRehabData.com and the
Uniform Data System for Medical Rehabilitation) allow inpatient brain
injury rehabilitation practices to monitor clinical metrics and outcomes
for benchmarking and to support practice improvement [11].
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Rehabilitation Nursing

Ann S. Bines

DEFINITION

Rehabilitation nursing is a specialty that centers on the diagnosis and treat-
ment of human responses of individuals and/or groups to actual or poten-
tial health problems relative to altered function ability and lifestyle [1].

® Major areas of focus with the inpatient traumatic brain injury (TBD
population:

Pain assessment and treatment

Maintenance/assessment and treatment of skin integrity

Promotion of a physiologic sleep/wake pattern

Continence of bowel and bladder

Assessment/participation in behavior modification

Providing for safety/promoting independence restraint reduction

Promoting advocacy through education

Emotional/psychosocial support

PAIN ASSESSMENT AND TREATMENT

» Incidence of pain significant, etiology variable, and assessment is dif-
ficult due to cognitive issues. Consistency of care givers (nurses, unli-
censed personnel, and family) is very beneficial in recognizing signs
of pain in cognitively impaired patients.

m Assessment is inherently difficult in this patient population. No con-
ventional tools have been validated in the cognitively impaired TBI
population. Pain assessment in patients who cannot verbalize their
pain should include subjective assessment of pain behaviors [2,3].

m Validated tools (primarily validated in elderly patients with
dementia):

m Checklist of Nonverbal Pain Indicators. Scoring of 6 behaviors—
vocalization, grimaces, bracing, rubbing, restlessness, and verbal
complaints [4]

m Critical Care Pain Observation Tool. Facial expression, body move-
ments, muscle tension, vocalization, or compliance with ventilator [5]

211



212 Moderate to Severe TBI

m Face, Legs, Activity, Cry, Consolability scale. Facial expression, leg
movement, body activity, cry/vocalization, and consolability [6]

m Treatment

m Use multimodal therapy to provide pain relief with less toxicity.

m» Nonpharmacological therapies include heat, cold, repositioning,
diversion, and behavioral management. Maximize use of these
modalities.

m Use analgesics for analgesia, not to control behavior. Taper or dis-
continue drugs that are not effective.

ASSESSMENT AND PREVENTION OF SKIN BREAKDOWN

® This is a high-risk population for development of pressure ulcers. Risk
factors include decreased sensation/movement, agitation/nonpurpose-
ful movement (e.g., spasticity/dystonia), nutritional impairment, and
incontinence.

m Extrinsic factors causing pressure ulcers include pressure, shear, fric-
tion, moisture, and equipment.

® An estimated 1.6 billion dollars is spent annually on care of pressure
ulcers. Cost per hospital stay ranges from $200 up to $7000 (for com-

plex stage IV) [7].

® Most frequently used risk assessment tools are the Braden and Norton
scales. Risk for skin breakdown should be initially assessed on admis-
sion and then on a routine frequency. Assess skin for breakdown
daily.

m Norton-5 parameters scored/assessed: physical condition, mental
state, activity, mobility, and incontinence. Lower scores indicate
high risk. Risk onset begins at 12 or less.

® Braden-6 parameters scored/assessed: sensory perception, skin
moisture, physical activity, nutritional status, friction/shear, and
ability to change body position. Lower scores indicate high risk.
Risk onset begins at 16 or less [8].

m Prevention

®m Reduce/limit moisture: Establish a program to enhance conti-
nence. Use pH balanced soaps/cleansers. Use moisture barrier
as needed to prevent skin breakdown. Perineal areas open to air
when in bed.

m Optimize nutrition/hydration: Calorie counts, mineral/vitamin
supplements.

= Pressure relief: Bed surfaces, chair cushions, turning frequency/
use of log to track, adequate padding of orthotics, and padding of
rigid surfaces in bed and wheel chair. Repositioning program for
wheelchair-bound patients who cannot weight shift independently
off-load bony prominences.
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m Shear/friction prevention: Use of lifting aids/equipment when repo-
sitioning. Raise knee gatch of bed when the head of the bed is
elevated to decrease shear/friction forces.

PROMOTION OF SLEEP/WAKE PATTERN

m Assessment: Use of log by caregivers due to limited ability of patients
to self report information. Document sleep onset and duration of sleep
periods. Include patient/family assessment of quality of sleep

= Interventions

m Use of pharmacological agents. Timing of administration early
enough to enhance sleep but not affect ability to participate actively
in therapy is important. Use sleep aids to promote sleep—not to
control behavior.

® Control environmental factors such as noise, light. Employ non-
pharmacological sleep aids—music, evening showers, or TV. Be
aware of patient’s premorbid sleep behavior; hours of sleep per
night shift work. Do not force sleep. Schedule nursing care so as
not to interfere with sleep.

CONTINENCE OF BOWEL AND BLADDER

Continence is a major area of nursing focus. Functional Independence
Measure gain/loss in bowel and bladder continence is an externally
reported outcome measure/benchmark for rehab programs. Continence
is also a primary goal for families/caregivers. Incontinence may present
a burden of care that prevents home discharge.

m Bladder incontinence in TBI patients

® Incontinence is most often due to uninhibited neurogenic bladder-
cerebral control decreased, reduced bladder capacity, or frequent
uninhibited bladder contractions with voiding as soon as urge is
perceived. Sensation and bulbocavernosus reflex are intact. Bladder
empties completely

® Transient, acute functional incontinence, often of precipitous onset,
is typically reversible. Related to impaired physical/cognitive/
behavioral function

m Assessment-monitor postvoid residual; review medications, con-
sider presence of age/premorbid incontinence issues, urinary tract
infection

= Interventions to reestablish continence: Prior to initiating any pro-
gram, assess patient’s behavior, core strength, balance, and level
of assistance with transfers. Continence can be achieved using
bedpans, urinals, commodes, or condom catheters. Consistency of
caregivers in adhering to the program outlined is very important.
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Regulate fluid intake. Ensure privacy. Provide positive reinforce-

ment [9,10].

¢ Scheduled/timed voids—assess patients voiding patterns and
replicate (usually every 2—4 hours)

e Habit training

¢ Prompted voiding

m Bowel incontinence

m Cause—uninhibited neurogenic bowel—reflexes, spinal reflex arc,
and bowel and saddle sensation intact. Decreased awareness of
need to defecate and decreased control of external sphincter/ability
to inhibit defecation. May have a sense of urgency (perceived).

m Assessment: consider premorbid bowel habits. Identify date of last
bowel movement. Review current diet, hydration status.

= Interventions to promote bowel continence: assess patient’s abil-
ity to transfer to/use the toilet. Be consistent in administering the
bowel program. Promote an upright sitting position, with knees
bent for defecation. Avoid use of a bedpan; utilize shower or toilet-
ing chair. Consider an abdominal binder to increase abdominal
pressure. Adequate hydration/fiber. Initiate program after food
intake to activate gastrocolic reflex. Plan bowel program so as not
to interfere with participation in therapy. Provide privacy [10].

m Medications may include.
¢ stool softeners (scheduled, not as needed) with or without a laxa-

tive component
* bulk products
¢ suppositories to stimulate the defecation reflex

BEHAVIOR MODIFICATION

Use consistent tool(s) to assess behaviors by entire team. Document
behaviors, factors that provoke undesirable behaviors and response to
interventions. Medications should be used in conjunction with a consis-
tent approach to management of adverse behaviors.

PROVIDING FOR SAFETY/PROMOTING
INDEPENDENCE/RESTRAINT REDUCTION

m A restraint is the direct application of physical force to an individual, to
restrict his/her freedom of movement. Medications can also be consid-
ered a form of restraint. Restraints have not been proven to decrease
falls.

m The Joint Commission and other regulating bodies have developed
standards for the use of restraints. Overriding premise is to reduce/
limit the use of restraints. Institutions must develop policies to govern
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the use of restraints. The policy defines what types of restraints can
be used, who can apply restraints, how often the patient must be
assessed while in a restraint and by whom, the time frame within
which an order for restraint must be written, and how often the
order must be renewed. There are specific criteria that define why
a restraint can be used, and these criteria must be documented and
consistent among the caregivers. Also required is documentation of
alternatives tried prior to a restraint being initiated. The standards
also speak to the patient/family education that must be done when
restraints are used. Restraint orders cannot be written as “prn or
standing orders” [11].

= Common restraints include limb restraints, side rails (not when used
to facilitate repositioning in bed by patient), mittens, wrap around
seat belts (any belt that cannot be easily removed by the patient), and
bed enclosures.

m Restraint alternatives: Devices that do not restrict movement but either
alert staff to egress or “slow down” a patient’s ability to engage in
an unsafe behavior. Examples of restraint “alternatives” include bed
exit alarms systems, wheel chair alarm systems (“talking” seat belts),
abdominal binders, wheel chair lap trays, upper limb orthotic devices
for functional positioning, Velcro straps for positioning in wheel chairs,
video observation areas/rooms, and 1:1 caregivers/sitters [12].

® Most institutions have Continuous Quality Improvement programs
that monitor fall rates and restraint usage. At minimum, daily assess-
ment should be made by the entire team of the need to continue use of
restraints. Interventions that can be used as alternatives to restraints,
to maintain patient safety, should be explored.
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Physical Therapy

Mobility, Transfers, and Ambulation

Catherine Burress

EPIDEMIOLOGY

According to the National Institute of Health, traumatic brain injury
(TBD is the leading cause of long-term disability in children and young
adults in the United States [1]. TBI patients present with a wide variety
of impairments and functional limitations that require physical therapist
(PT) intervention. The management of TBI patients can be complex, as
they present with a wide range of symptoms that may be further compli-
cated by impairments in cognition, communication, and behavior.

PRESENTATION AND EVALUATION

A major challenge of the TBI population is the heterogeneous presenta-
tion without clear patterns of physical impairment. This requires the PT
to have a thorough understanding of all systems that require examina-
tion. Often the evaluation will be incomplete and observational due to
the patient’s inability to fully participate in the examination.

m Sensory impairments may include deficits in light touch, temperature
sensation, deep pressure, pain sensation, proprioception, and vibratory
sensation. Testing may be limited by communication impairments.

m Decreased range of motion (ROM) or contracture may develop sec-
ondary to decreased mobility, suboptimal positioning, and spasticity.
Evaluation includes the use of goniometry and visual observation.

®= Motor control impairments present as weakness, decreased coordina-
tion, impaired balance, and movement disorders. Evaluation includes
use of manual muscle testing and observation of antigravity movement,
assessment of heel to shin and rapid alternating movements, evalua-
tion of static and dynamic balance—including balance reactions—and
use of standardized tests such as the Berg Balance Scale [2].

m Changes in tone may present in a hemiparetic pattern, tetraparetic
pattern, or may be localized. It may manifest as spasticity, spasms,
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or localized dystonias. Objective assessment of spasticity uses the
Modified Ashworth Scale [2].

» Thirty percent to 65% of TBI patients will present with some variety
of vestibular pathology [3]. Symptoms may include dizziness, vertigo,
nausea, disequilibrium, and visual disturbances. Assessment may
include use of the Dix-Hallpike test, observation of visual tracking,
saccades, and nystagmus, and when appropriate the Dynamic Gait
Index or Clinical Test of Sensory Integration in Balance (Foam and
Dome) [3]. Location of the lesion, determined through clinical testing,
will dictate appropriate treatment.

m Fractures and soft tissue injuries are often comorbid diagnoses that the
therapist must consider and that may impact treatment.

m Functional mobility is often the area of greatest focus with TBI
patients.

®» Bed mobility assessment should include rolling and supine to-
and-from sit transitions. Rolling assessment will provide the PT
with information on possible vestibular deficits, trunk ROM and
strength. Supine to-and-from sit transitions may provide informa-
tion on trunk ROM and strength, as well as general upper and lower
extremity ROM and strength.

m Transfer assessment, including assist level, may incorporate use of
the Hoyer, squat pivot transfer, lateral or sliding board transfers, and
stand pivot or stand step transfers. Choosing the appropriate trans-
fer requires the clinical assessment, observation, and judgment of
the PT. This assessment provides the therapist with further insight
into strength, ROM, coordination, spasticity, and balance skills.

= Ambulation assessment is not always appropriate with moderate to
severe TBI patients. The PT’s clinical judgment will dictate whether
to proceed with this activity. Gait assessment is typically initiated
in a highly supported environment, such as the parallel bars or a
supported ambulation system such as the Lite Gait, and will provide
further observational evidence of strength, ROM, balance, spastic-
ity, and coordination.

TREATMENT

A recent systematic review found high-level evidence that more intensive
rehabilitation programs for TBI patients lead to greater functional out-
comes, and that patients with moderate to severe brain injuries benefit
from formal therapeutic intervention [2].

m Sensory stimulation within the context of physical therapy will include
weight bearing activities in sitting and standing, change of position—
including sidelying, prone, and upright—and proprioceptive input
through stretching and ROM.
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® ROM and stretching programs are important to prevent or reduce
loss of flexibility. Splinting or bracing may be used as an adjunct
to more active interventions to maintain and, at times, increase
ROM [3].

m Strengthening programs are important to allow progression of func-
tional mobility skills. TBI patients are often not able to participate in
traditionally structured progressive resistive strengthening programs.
In these instances, patients can benefit from strengthening within the
context of functional mobility. When patients present with less than
antigravity strength, using slings to suspend the extremity or friction-
free surfaces can allow the patient to more effectively activate very
weak muscles.

m Balance training will likely start in sitting, initially working on static
sitting balance, progressing as appropriate to dynamic standing bal-
ance. Therapists may include use of compliant surfaces, perturbations,
and distracting environments to progress balance training dependent
on patient-specific impairments. Dault and Dugas demonstrated that
a balance training program is also beneficial in addressing muscle
strengthening in TBI patients [4].

» Coordination training may include object manipulation with extremi-
ties, varying speed, and use of weights to manage ataxia and move-
ment disorders.

m Spasticity is often a limiting factor for TBI patients, impacting posi-
tioning in bed and wheelchairs, setup and positioning for transfers,
and limiting motor control. When left untreated, spasticity leads
to muscle and soft tissue shortening and eventual contractures [5].
Physical therapy management will include stretching and ROM pro-
grams, strengthening of the antagonist muscles, bracing, and serial
casting.

m Serial casting can improve ROM, reduce muscle tone [2], and reduce
plantar flexion contractures [6].

m PTs should consider how ROM gains will be maintained, deter-
mine a strategy for ongoing spasticity management when casting
is discontinued, and what functional goals may be achieved with
casting.

m Vestibular rehabilitation programs will incorporate the use of habitu-
ation exercises, gaze stabilization exercises, corrective maneuvers for
benign paroxysmal positional vertigo, compensatory training, and
progressing functional mobility as appropriate [3]. TBI patients will
often require modifications to the vestibular rehabilitation program,
including hand-over-hand assist for cervical rotation when performing
gaze stabilization exercises, using modified positioning for the Epley
maneuver, or simply utilizing position changes and mobility training
for habituation.
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® Functional mobility training should include bed mobility, transfers,
and sitting, and progress to standing and ambulation as appropri-
ate. Current literature supports the use of task-specific training for
improved skill acquisition: A recent systematic review of the literature
found high-level evidence to support the use of task-oriented and
repetitive training [2]. This would support training patients by per-
forming specific functional mobility skills multiple times sequentially
during a session. However, this may be challenging for TBI popula-
tions with poor attention or problems with agitation, therefore thera-
pists may need to consider the use of varied practice throughout the
session.

Recovery of ambulation is frequently a high priority for patients
and family members. Traditional gait training is often initiated in the
parallel bars and progressed to an assistive device such as a walker
or cane as patients improve their balance and strength. Body weight—
supported treadmill training (BWSTT) has been shown to be highly
effective in the stroke population, but research with TBI patients
has shown less beneficial results [2,7]. However, in clinical practice,
BWSTT may be useful with TBI patients who are not following com-
mands, may have poor attention or initiation for ambulation, impaired
safety awareness, poor balance or coordination, or require a signifi-
cant amount of physical assist. BWSTT can be a safer, more successful
and earlier intervention to initiate gait training.

» Orthotics are used by many clinicians to improve ambulation, although
others avoid it because of concerns that an orthosis may disrupt nor-
mal gait kinematics and lead to disuse atrophy of the muscles that
control the joint [8].

m A systematic review of the literature on the use of ankle foot
orthoses (AFO) to improve ambulation concluded that there is
good evidence that the AFO increased walking speed, increased
stride length, increased cadence, and decreased energy expendi-
ture during ambulation. The review found conflicting evidence on
increasing or decreasing muscle activation of the anterior tibialis
and gastrocnemius/soleus complex [8].

m The use of AFOs is often beneficial to facilitate early ambulation in
brain injury patients, however timing/appropriateness of prescrip-
tion must be based on clinical judgment.

m Specialized seating and positioning is often required to prevent skin
breakdown, decrease risk of secondary complications, maintain
patient safety, optimize positioning, and allow patient mobility when
ambulation is not an appropriate goal. Power wheelchair mobility
should be considered for TBI patients with very low-level mobility but
minimal cognitive deficits.
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BEHAVIOR MANAGEMENT

Behavioral impairments occur in 35% to 70% of patients with acquired
brain injury [9]. These may include agitation, restlessness, aggression, dis-
inhibition, impulsiveness, distractibility, and inattention. Implementing a
structured and comprehensive behavior management plan can minimize
or reduce behavioral manifestations. An effective plan will involve all
team members, including the PT, and will include direct observation
of the behavior, assessment of the environment, identification of the
purpose of the behavior, and identification of antecedents to the behav-
ior, and will provide appropriate reinforcement of desired/functional
behaviors [9].

CONCLUSION

Effective management of TBI patients requires thorough evaluation,
implementation of an effective treatment plan, and development of an
individualized behavior management plan. When these elements are
appropriately applied, physical therapy interventions can be successful
and rewarding for the patient, family, and treatment team.
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Occupational Therapy

Activities of Daily Living and
Community Reintegration

Deirdre R. Dawson

BACKGROUND
Definitions

® Occupation: Activity that gives structure, value, and meaning and
encompasses work (paid and unpaid), leisure, and self-care [1]—
includes activities of daily living (ADLSs).

® Occupational performance: The doing of activities in the environment
in which they need to be done, for example, cooking a meal at home
for the family.

® Occupational therapist (OT): Per the World Federation of Occupational
Therapy, an OT is a therapist trained to enable people to participate
in everyday life by enhancing their abilities and/or by modifying the
environment to better support participation.

m Activities of daily living: Functional daily activities generally divided
into basic (self-care tasks) and instrumental (everyday activities neces-
sary for interacting with the environment, more complex than basic
activities of daily living (BADLs), for example, driving, managing
personal finances, and home management. Instrumental activities of
daily living (IADLs) are generally understood to exclude work-related
skills.

= Community integration: “Something to do, somewhere to live, some-
one to love” [2]. Has three primary constructs: independent living,
social support, and productive occupation [3].

Epidemiology

More than 5 million Americans are estimated to have long-term disability
posttraumatic brain injury (I'BD [4]. An estimated 60% have not returned
to preinjury levels in primary occupations including work, leisure, and
recreation; 30% report problems with BADLs; and 8% remain in restricted
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living situations including group homes, nursing homes, and jails [5].
The estimated prevalence of TBI among offender individuals is 60% and
among the homeless is 53% [6,7].

ASSESSMENT AND EVALUATION
Basic Considerations

m Performance versus capacity: Questionnaires typically provide infor-
mation about capability but not performance; performance-based
measures involve direct observation and provide a more comprehen-
sive and accurate picture of strengths and weaknesses [8].

® Performance and environment: Performance is influenced by the envi-
ronment; determining performance is best achieved in the client’s own
environment [9] and will provide more ecological validity (i.e., perfor-
mance on the test corresponds to an everyday situation).

Step 1

Client-centred goal setting: Goal setting is critical to identifying key occu-
pational performance issues for each client [10]. It may be necessary,
useful, and/or relevant to involve a family member or other caregiver in
this interview process.

Step 2

Assessment of specific areas of occupation: Select assessments based on
goal setting process and whether you need an “outcome” measure (for
evaluation) or a measure to describe client’s abilities. Important consid-
erations: Does informant and/or self-report concur with performance;
how does a specific environment affect performance?

®m Performance-based measures (see Measuring Occupational
Performance [8]): Consider The ADL and IADL Profile [11,12], com-
prehensive measures of ADLs, and the impact of executive dysfunc-
tion on everyday life; or the Multiple Errands Test [13], which allows
observation of strategies employed while shopping and collecting
information.

= Questionnaires:

= BADL and IADL—many available [8].

= Community Integration Questionnaires (CIQ): Primarily used
for evaluation. CIQ (www.tbims.org/combi) and Reintegration to
Normal Living Index are psychometrically sound and clinically use-
ful [14].
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Step 3

Special areas for consideration

Cognition (see also Chapters 35 and 37): OTs assess cognition particu-
larly as it relates to everyday life (e.g., safety with household ADLs,
navigating in the community).

Driving assessment: A comprehensive multidisciplinary assessment,
inclusive of visual, cognitive, and an on-road test, is critical [15]. The
Association for Driving Rehabilitation Specialists provides informa-
tion on specialized testing and training services across North America
<www.driver-ed.org>. The few studies investigating whether people
with TBI who return to driving have more accidents than healthy con-
trols have produced mixed results [16].

® Return to work and school—see Chapter 73.
m Social support, social integration, and sexuality: Reductions in social

support, social isolation, and negative changes in perceived sexuality
are frequent outcomes [17] and need to be considered in a comprehen-
sive assessment of community integration.

INTERVENTION

Five key areas to consider: regaining functional independence (BADLs
and IADLSs), social support and integration, housing, transportation, and
ongoing community participation. Participation in meaningful life situa-
tions is the goal, gains can be achieved many years post injury [18].

Regaining functional independence:

» Comprehensive rehabilitation programs focusing on (1) integration
of therapies, (2) metacognition, (3) self-regulation, and (4) partici-
pating in personally meaningful life activities have better outcomes
than neuropsychological rehabilitation alone [18].

m FElectronic portable cueing devices (e.g., personal digital assistants)
increase the frequency with which people carry out a variety of
target tasks [19]. Those who have severe episodic memory prob-
lems can learn the skills needed to operate these devices using an
errorless learning approach [20]. Paper memory notebooks or elec-
tronic cueing devices are useful only when applied to functional
activities [21].

m Metacognitive strategy instruction is recommended for adults with
TBI with executive dysfunction, and should include “acknowl-
edging or generating goals, self-monitoring and self-recording of
performance and strategy decisions based on performance-goal
comparison” [22, p. 37]. Metacognitive strategy training improves
problem solving in personally relevant and/or simulated problem
situations [22].
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m For severely impaired survivors, improving performance on selected
skills may be achieved by specific functional skills training [23] com-
prising task analysis, written prompts, embedding retrained skills in
programming, consistent practice, and fading cues. Independence
in any particular skill can take months to achieve, and as benefits are
often not generalizable cost-benefit should be evaluated carefully.

m Social support, social integration, and sexuality interventions related
to enhancing social support, social integration, and positive expres-
sions of sexuality are very limited.

m Multifaceted social support groups that focus on education,
coping-skills training, and goal setting may reduce hopelessness
and engender a greater sense of control [17].

m Social-skills training, including individualized goal setting, shaping
of behaviors, and social perception training, may improve specific
aspects of social behavior [24,25].

m Peer mentoring may improve social participation [17].

= Housing: OTs should provide input to team members regarding level
of independence so appropriate housing can be arranged.

m Transportation: Access to transportation is key for community integra-
tion. Thus, in addition to careful assessment of return to driving, public
transportation should be investigated as it is cognitively complex.

= Community participation: Emerging research evidence and consider-
able anecdotal data suggests the value of community-based support
programs for enhancing community participation even many years
post TBI [26,27]. Important components appear to be (1) a long-term
approach, (2) individualized goal clarification, and (3) therapy in the
person’s own environment.

» Multidisciplinary rehabilitation programs improve overall commu-
nity integration [26].

m Participants in community-based day programs report better social
participation and quality of life than nonparticipants [28,29].
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Speech Therapy

Dysphagia and Cognitive
Communication Impairments

Kara Kozub O’Dell

DYSPHAGIA
Background

Definition

Dysphagia is a condition characterized by abnormality in the transfer of a
bolus from the mouth to the stomach. Dysphagia results in unsafe or inef-
ficient oral intake, which can cause aspiration, pneumonia, discomfort,
and/or poor caloric intake. Behaviors associated with traumatic brain
injury (TBD such as impulsivity and unawareness can affect the safety
and efficiency of oral intake [1].

Epidemiology

Incidence is not well documented, although dysphagia is estimated to
occur in approximately 33% of all patients with a TBI (includes mild
to severe injuries) [2]. Incidence is as high as 61% in patients following
severe TBI; there is a relationship between length of coma, presence
of a tracheostomy tube and/or mechanical ventilation, and severity of
dysphagia [3].

Etiology

A delay in triggering the pharyngeal swallow is the most prevalent cause
of dysphagia and aspiration in individuals following TBI. Other problems
include structural injuries to the oral cavity, pharynx, and/or esophagus;
atrophy/weakness due to prolonged intubation and cognitive deficits; or
behaviors that interfere with oral intake [4].

Pathophysiology

Swallowing is typically described in four phases: (1) The oral prepara-
tory phase, when liquid or food (the bolus) is manipulated in the mouth
and masticated, if necessary, to ready it for the swallow; (2) The oral

229



230 Moderate to Severe TBI

phase, when the tongue propels food posteriorly until the pharyngeal
swallow is triggered; (3) The pharyngeal phase, when the pharyngeal
swallow is triggered and the bolus moves through the pharynx; and (4)
The esophageal phase, when peristalsis carries the bolus through the
esophagus and into the stomach. Dysphagia results when one or more
of these phases is disrupted [4].

Assessment

Risk Factors

Low Glasgow Coma Scale (GCS) scores and low scores on the Ranchos
Los Amigos (RLA) scale of cognitive function are associated with aspi-
ration. Additionally, low GCS scores, low RLA levels, the presence of a
tracheostomy tube, and increased ventilation time are associated with
impairments affecting oral intake [5].

Signs and Symptoms
These include, but are not limited to,

Poor secretion management and/or need for frequent suctioning
Inability to recognize food

Difficulty placing food in the mouth

Holding or pocketing liquid/food in the mouth

A delay in swallowing

Throat clearing, coughing, or choking before, during, or after
swallowing

Wet, gurgly vocal quality or audible respirations

» Pain/discomfort in throat or chest when swallowing

Sensation of food stuck in the throat or chest [4]

Bedside Swallowing Evaluation
® Preparatory examination

Patient chart review

Observation of level of alertness and awareness

Observation of respiratory status and secretion management
Suction patient orally and/or via the tracheostomy tube, if
applicable

= Oral examination

= Oral motor control examination

m Laryngeal function examination

» Initial swallowing examination: The clinician determines if trial swal-
lows are safe based on the information obtained from the preparatory
examination. If the patient is acutely ill, has significant pulmonary
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complications, is not alert, has poor secretion management, and/or
an obvious pharyngeal swallowing disorder, trial swallows may not
be indicated. The patient is then suctioned orally and through the tra-
cheostomy tube, when applicable, and observations are made during
trial swallows that lead to recommendations.

Instrumental Evaluation

The following instrumental swallow studies are commonly used to
study various aspects of the swallow. Following the initial swallowing
examination, a referral for an instrumental study is appropriate for any
patient who is suspected to be aspirating or have a pharyngeal phase
dysphagia.

» Fluoroscopic Swallow Study: a radiographic procedure that obtains
real time images of the oral, pharyngeal, and esophageal phases of
the swallow

m Fiberoptic Endoscopic Swallow Study: an endoscopic procedure
in which a flexible scope visualizes the pharyngeal phase of the
swallow

Management

Compensatory Treatment Procedures
m Postural techniques

® Chin tuck—Patient puts chin to chest and pulls up: helpful for
patients with a delayed swallow, reduced airway closure, and/or
problems with residue in the valleculae

m Head rotation—Turning the head to the affected side closes the
pharynx on that side so that the bolus flows down the unaffected
side: helpful for patients with a unilateral vocal fold paralysis or
unilateral pharyngeal wall problem

® Head tilt—Tilting head to the strong side allows food to drain down
the strong side: helpful for patients with oral and pharyngeal prob-
lems on the same side

m Techniques to improve oral sensory awareness—The following tech-
niques may be utilized with patients with swallow apraxia, tactile
agnosia of food, reduced oral sensation, and delayed onset of the oral
and/or pharyngeal swallow

® Thermal tactile stimulation: contacting the tongue or faucial arches
with a cold laryngeal mirror or metal spoon

m Increasing downward pressure of the spoon against the tongue
when presenting food

m Varying taste, volume, and/or texture of bolus (i.e., sour, cold,
solid)
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m Diet changes: The diet should be changed only if other compensatory
or therapy strategies are not effective or feasible given behavior, cogni-
tion, physical impairments, or other reasons.

® Liquids—thin, nectar thick, honey thick, pudding thick; initially
thickened liquids are easier for a patient to control and manage,
reducing the risk of aspiration

= National Dysphagia Diets (NDD):

e NDD Level 1 (pureed): homogenous, very cohesive, pudding-
like, require very little chewing ability

¢« NDD Level 2 (mechanically altered, mechanical soft, ground):
cohesive, moist, semisolid foods that require some chewing

* NDD Level 3 (advanced, soft): soft foods that require more chew-
ing ability, no hard, sticky, or crunchy items

» Regular or general diet [6]

Swallowing Therapy

» Direct therapy—involves presenting food or liquid to the patient and
asking him or her to swallow while the therapist manipulates the bolus
or the patient follows specific instructions

® Indirect therapy—involves exercise programs or swallows of saliva,
but no food or liquid is given: typically used with patients who are at
high risk of aspiration

m Types of direct and indirect therapy include exercises for oral manipu-
lation, bolus propulsion, tongue base retraction, laryngeal elevation
and/or vocal fold adduction, thermal tactile stimulation, and swallow
maneuvers. Exercises and swallow maneuvers require good attention
and ability to follow complex instructions and are not indicated for
patients with significant cognitive or language impairments

Other Modifications

When patients cannot follow instructions due to cognitive or language
impairments, the following suggestions can help prevent aspiration and
pneumonia in dysphagic patients.

® Frequent and thorough oral care to reduce bacteria

m Elevate the head of the bed to decrease the risk of aspirating saliva
and/or tube feeding

® Limit the number of items during meals to increase attention to safe
intake

m Encourage individuals to set utensil, food, or cup down and swallow
before taking another bite or sip

®» Encourage small, single cup sips and avoid straws if signs of aspiration
increase with straw use

®» Encourage individuals to take a sip of liquid after every 2 to 3 bites
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COGNITIVE COMMUNICATION IMPAIRMENTS
Background

Definition

Communication results from a complex interaction between cogni-
tion, language, and speech. Cognitive communication impairments
result from underlying deficits in cognitive processes such as aware-
ness, attention, memory, organization, and reasoning that impact the
efficiency and effectiveness of communication skills [7]. Posttraumatic
amnesia (PTA) is a period of confusion, disorientation, impaired atten-
tion, and poor memory for day-to-day events resulting from inability
to encode, and therefore learn, new information. Individuals who are
experiencing PTA exhibit moderate to severe cognitive communication
impairments [8].

Epidemiology

Moderate and severe TBIs are typically associated with cognitive deficits
6 months or longer post injury. Factors that modify association include
location of injury in the brain, intelligence preinjury, and severity of injury
[9]. PTA occurs in all individuals when they emerge from coma [8].

Assessment

Clinical Signs and Symptoms of

Cognitive Communication Impairments

The following signs and symptoms of cognitive communication impair-
ments result in reduced effectiveness and efficiency of communication of
wants, needs, and ideas. Perseveration and confabulation are frequently
present.

Poor arousal, alertness, and/or reaction to environmental stimuli

Increased fatigue, decreased endurance

Restlessness and/or agitation

Agnosagnosia: denial or poor awareness of deficits, difficulties, and

errors [10]

® Poor concentration in open or closed environments, reduced attention
to detail

= Confusion, disorientation

m Perseveration: the repetition of a particular response, such as a word,
phrase, or gesture, despite the absence or cessation of a stimulus [7]

m Verbal confabulation: the spontaneous narrative report of events that
never happened due to memory impairment [7]

m Poor impulse control resulting in inappropriate comments and/or

behavior during social exchanges
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m Poor eye contact, inappropriate response length (long or short), poor
topic maintenance

® Inability to verbally reason or solve basic problems in the
environment

Diagnostic Evaluation

The aforementioned signs and symptoms are best detected during obser-
vation of patients during functional task completion. In addition, a num-
ber of formal and informal assessment tools will be discussed elsewhere
in this book. Every patient who has suffered from a loss of consciousness
should be assessed to determine the presence or absence of PTA. Tests
sensitive to the detection of PTA typically assess orientation, immediate
memory, and/or concentration. One such test, the Galveston Orientation
and Amnesia Test (Table 35.1), can be administered daily until a patient
scores a 76 or higher on 3 consecutive days. The scale measures orienta-
tion to person, place, and time, as well as memory for events preceding
and following the injury [11]. Other frequently used assessments evalu-
ate cognitive domains, including memory, attention, awareness, reason-
ing, auditory processing, and executive functioning. Such assessments
may evaluate each domain independently, such as the California Verbal
Learning Test [12] does with memory, or a number of domains simultane-
ously, such as the Cognitive Linguistic Quick Test [13].

Management

Cognitive communication deficits can be managed by changing the
patient’s environment and/or behavior. Early in recovery, patients in PTA
are not consistently able to modify their behavior. Techniques for modi-
fying a patient’s environment and/or behavior include

® Eliminating, decreasing, or modifying stimuli and distractions

m Allowing patient sufficient time to respond

= Gently allowing patient to fail in safe environment during functional
task to promote deficit awareness

» Providing frequent orientation; write the day and place for individual
to see and refer to frequently throughout the day

m Verbally identifying perseveration or confabulation for the patient and
educating and/or redirecting as appropriate

» Providing specific, concrete feedback when a communication attempt
is not successful or appropriate

m Accepting all communication attempts including facial expression and
gesture

® Providing written and gesture cues when necessary.
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Table 35.1 The Galveston Orientation and Amnesia Test

Error

Question Score Notes

What is your name? -2 Must give both first name
and surname.

When were you born? -4  Must give day, month, and
year.

Where do you live? -4  Town is sufficient.

Where are you now

(@ City -5  Must give actual town.

(b) Building -5 Usually in hospital or rehab
center. Actual name
necessary.

When were you admitted -5  Date.

to this hospital?

How did you get here? -5  Mode of transport.
What is the first event you -5 Any plausible event is

can remember after sufficient (record answer).

the injury?

Can you give some detail? -5  Must give relevant detail.
Can you describe the last -5  Any plausible event is suf-
event you can recall before ficient (record answer).

the accident?

What time is it now? -5 -1 for each half-hour error.
What day of the week is it? -3 -1 for each day error.
What day of the month is it? -5 -1 for each day error.

(i.e., the date)

What is the month? -15 -5 for each month error.
What is the year? -30  -10 for each year error.

Total Error

Total Actual Score = (100-total

error)=100— =
76-100 = Normal/66-75 =

Borderline/<66 = Impaired

Can be a negative number.

Instructions: Can be administered daily. Score of 76 or more on three consecutive
occasions is considered to indicate that patient is out of posttraumatic amnesia.

From Ref. [11].
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Neuro-optometric
Rehabilitation for Visual
Dysfunction

William V. Padula

BACKGROUND

Definitions

Doctors of optometry are “independent primary health care providers
who specialize in the examination, diagnosis, treatment, and man-
agement of diseases and disorders of the visual system, the eye, and
associated structures as well as the diagnosis of related systemic con-
ditions” [1].

Neuro-optometric rebabilitation (NOR) is “an individualized treatment
regimen for patients with visual deficits as a direct result of physi-
cal disabilities, traumatic brain injury (TBI), and other neurological
insults” [2].

Vision therapy is “a sequence of activities individually prescribed and
monitored by a doctor to develop efficient visual skills and processing.
Vision therapy is administered in the office under the guidance of a
doctor. Activities paralleling in office techniques are typically taught
to the patient to be practiced at home to reinforce the developing
visual skill” [3].

Symptoms related to visual dysfunction following a TBI may include:

headache, diplopia, homonymous hemianopsia, vertigo, asthenopia, and
difficulty with focusing the eyes, movement of print when reading, track-
ing difficulty, photophobia, and blurred vision [4].

Diplopia, typically due to binocular dysfunction, is quite prevalent fol-
lowing TBI [5,6]. Binocular dysfunction may result in difficulties with
balance, posture, and spatial orientation [2].

Visual field defect/visual neglect

» Homomnymous hemianopsia, field loss affecting either the entire left
or right field, is often seen in the setting of TBI [7,8].
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» Visual neglect, a lack of spatial conscious awareness in the absence
of a homonymous hemianopsia, may also be seen [9].

® Homonymous hemianopsia or visual neglect can induce a shift
in concept of visual egocenter, resulting in Visual Midline Shift
Syndrome (VMSS) [2,9,10].

Normal Visual Processing

The visual system is composed of two visual processes. The focal visual
process is oriented toward detail, identification, attention, concentration,
and isolation of the figure from the ground, is conscious, and related to
function of the occipital cortex and associated cortices. The ambient or
spatial visual process is oriented toward spatial orientation, balance,
posture, and movement, and is preconscious. It is mediated primarily
at the level of the midbrain, although the occipital cortex also plays a
role [11,12]. The ambient visual process integrates information with the
sensorimotor system [13].

Visual Processing Dysfunction

It refers to visual impairments that are due to central (as opposed to ocu-
lar or oculomotor) pathology. Two clinical syndromes are recognized:

m Posttrauma Vision Syndrome (PTVS)

m Following a TBI, centrally mediated visual symptoms and binocular
difficulties can be caused by dysfunction between focal and ambi-
ent or sensorimotor (bimodal) visual processing producing:

¢ diplopia [5];

¢ exotropia and exophoria [14,15,16]; and

e postural changes associated with compensation for vision dys-
function and diplopia [10,17].

m Although symptoms and characteristics of binocular dysfunction
are logically related to occulomotor nerve palsy, the mechanism for
the cause of binocular dysfunction in the setting of PTVS appears
to be related to trauma affecting the bimodal visual processing
systems. Research has documented that changes in visual evoked
potential amplitude occurred following treatment through use of
prisms and binasal occlusion. Following such treatment, research-
ers documented a rapid decline in symptoms and syndrome char-
acteristics. This condition has been termed PTVS [18].

®m VMSS—Problems with balance and posture are common following a

TBI. Vision supports organization of balance and posture through the
following processes.
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= Developmentally, vision matches information with the sensorimo-
tor systems to organize the concept of visual midline [19].

m Feed forward cooperation occurs between ambient visual process
and sensorimotor system to the cortices [11].

m The ambient visual process (preconscious anticipation) supports
change in posture, balance, and movement [10].

m The visual concept of egocenter (i.e., one’s own midline) is a func-
tion of interaction between the ambient visual process and the
sensorimotor system [10,17].

= TBI is hypothesized to affect the relationship of bimodal visual
processes, thereby shifting the preconscious concept of visual ego-
center [10,11,19].

Treatment of Centrally Mediated Visual Dysfunction
Involves the discipline of NOR.

The following comprise the NOR evaluation:

m Thorough review of history, visual acuities (near and far), visual field
evaluation, sensorimotor evaluation, complex refraction, and refrac-
tive sequence evaluating state of binocular ranges and accommodative
amplitudes for distance and near viewing, dynamic accommodation,
binocularity, depth perception, color vision, visual midline assessment
affecting posture and balance, and visual evoked potentials [14].

m Lenses, prisms (compensatory and noncompensatory), and sectoral
occlusion should be utilized to affect dysfunction in the bimodal
visual process, and response to that intervention observed or
recorded [11,14].

Vision therapy

m Strategies to improve visual function (.e., yoked prisms, binasal
occlusion) should be undertaken with caution, because over-em-
phasis of fixation, tracking, and so on can imbed the condition of
PTVS [14,18].

m Following a NOR evaluation, a treatment plan involving vision ther-
apy to address binocularity, accommodation, and visual function
should be undertaken following NOR evaluation [11].

¢ Yoked prisms can improve spatial orientation for visual neglect
[11,20,21]. Yoked prisms realign visual egocenter (midline) in
VMSS, thereby improving posture and balance [10,17].

¢ Binasal occlusion refers to a vertical opaque or translucent filter
strip attached to the nasal border of each eyeglass lens. Its pur-
pose is to provide a boundary or vertical line to support ambient
visual processing.
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Cognitive Impairment
Characterization and Management

Eric B. Larson

BACKGROUND

Cognitive impairment caused by traumatic brain injury (TBID) can be
viewed dichotomously. That is, a patient may or may not retain a capac-
ity for thought that is expected of intact individuals (e.g., orientation to
person, place and time, ability to follow commands). Impairment can also
be defined continuously. That is, a patient may demonstrate a greater
or lesser degree of thinking ability (e.g., short-term memory) relative to
some criterion. This chapter will focus on characterization and manage-
ment of cognitive impairment in patients with moderate to severe TBI.

Classification of Cognitive Impairment

» This provides a means for describing the extent to which cognitive
impairment is manifest and affects different aspects of functioning.

m Severity of injury is rated by the Glasgow Coma Scale [1], duration
of loss of consciousness, and the duration of posttraumatic amnesia
(PTA; reviewed elsewhere in the present text).

m Stage of recovery is described using the Rancho Los Amigos Scale of
Cognitive Functioning [2] (reviewed elsewhere in the present text).

m Specific cognitive abilities can be reported as percentile ranks rela-
tive to a neurologically intact population. It is important to note what
population provides the ranges. Usually these ranges refer to individu-
als who are matched to the patient by age and education.

Very superior: >98th percentile
Superior: 91st to 97th percentile
High average: 75th to 90th percentile
Average: 25th to 74th percentile

Low average: 9th to 24th percentile
Borderline: 2nd to 8th percentile
Extremely low: <2nd percentile
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m Cognitive abilities can also be rated by percentile ranks relative to
a clinical (impaired) population to determine the extent to which
a patient resembles those with a particular diagnosis. For example,
severity of aphasia in TBI may be characterized with percentiles rela-
tive to aphasics. A score corresponding to the 50th percentile relative
to aphasics is much worse than a score that corresponds to the 50th
percentile relative to a neurologically intact sample.

Etiology of Observed Impairments

. Mechanism of Injury—Blunt head trauma can result in diffuse impair-
ment while penetrating wounds may cause circumscribed deficits.

m Risk Factors—Factors that predict TBI also predict reduced cognitive
performance in individuals both before and after injury. Consequently,
they should be considered in interpretation of assessment data and
subsequent treatment planning.

® Low socioeconomic status can result in educational and cultural
disadvantages that affect outcome. A high school education in an
affluent suburb may be a greater asset than the same number of
years of education in a low-income school system.

m Substance abuse is associated with an increased prevalence of TBI.
Resumption of drinking after injury complicates cognitive recovery
and increases risk of reinjury.

Role of Neuropsychological Assessment

® Typical time to refer inpatients for formal neuropsychological evaluation
is after emergence from PTA

» Typical referral questions. Identify distinct areas of cognitive strengths
and weaknesses. Assess severity of cognitive impairment. Determine
if patient has independent decision-making ability. Assess need for
supervision. Determine if patient is ready to attempt a return to work
or school. Assess need for further cognitive rehabilitation. Determine
impact of psychiatric factors on independent functioning.

DIAGNOSIS

Most cognitive constructs are complex and consequently the factors that
cause a score to fall in the impaired range are very complicated. For
example, interpretation of a score on a memory test could take the fol-
lowing into consideration.

m Age and education. This can usually be controlled by selecting the
proper norm set (see earlier section). Most memory tests will allow
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you to compare a patient to others from the same demographic
background.

®» Premorbid intelligence. This can be estimated through a number of
procedures. Demographic variables (e.g., years of education) are some-
times used by clinicians to form a rough estimate of cognitive ability.
However, this is subject to substantial error. More precise estimates
are provided through a combination of demographic variables and
performance on standardized tests such as the Wechsler Test of Adult
Reading [3]. The effects of intelligence on memory can then be con-
trolled through analysis of the discrepancy of an actual memory score
versus an expected memory score.

m Level of effort. Symptom validity testing can help assess whether
patients may be exhibiting symptom magnification.

= Fatigue. Observation of a patient’s level of arousal is an essential com-
ponent of formal evaluation. When a patient shows evidence of somno-
lence during a particular test, the resulting score should be interpreted
with caution.

m Sensory impairment or loss of motor control. Patients who are cog-
nitively intact can appear impaired when physical impairment inter-
feres with testing. For example, patients with intact capacity to learn
and retain new information might appear impaired on a visual mem-
ory task if they do not wear corrective lenses that they need during
assessment.

m Other cognitive abilities. Impairment in one domain often exerts sec-
ondary effects in other domains. For example, attention deficits can
affect initial encoding of information on memory testing. Language
impairment can confound memory assessment when it interferes with
comprehension of test items or expression of responses.

» Clinical interpretation of a test score can reliably address the construct
it was intended to measure only after all the aforementioned factors
have been controlled or taken into consideration.

Clinical Presentation

® Subjective complaints—Moderate and severe TBI are associated with
poor recall of diagnosis and limited awareness of disability. Depression
or other psychological factors can result in magnification of symptoms
and a failure to recognize progress.

m Behavioral observation—The following characteristic behaviors noted
in conversation can indicate a need for formal assessment.

® Attention impairment. A need to have questions repeated or
explained

m Executive dysfunction. Tangential thought or perseveration

® Language impairment. Word-finding problems, word-substitu-
tion errors, irrelevant responses to questions because of poor
understanding
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= Memory impairment. Inability to recall important personal informa-
tion (phone number, social security number) or to remember recent
events (e.g., circumstances of referral for evaluation or treatment)

Examination

Depending on what stage of recovery the patient has reached, any one of
the following assessments are typically conducted at initial contact.

Assessment of level of arousal. Includes eye opening, visual tracking,
responsiveness to commands, ability to answer questions. Standardized
assessment can be performed with the JFK Coma Recovery Scale [4].
Assessment of Posttraumatic Amnesia. Includes orientation, aware-
ness of medical situation. Standardized assessment can be performed
with the Galveston Orientation and Amnesia Test (GOAT) [5]. One
accepted convention to establish emergence from PTA is to obtain
GOAT scores of 78 and above for 3 consecutive days.

Mental status exam. Includes attention, recall, naming, auditory com-
prehension, reading, writing, simple construction ability. Standardized
assessment can be performed with the Folstein Mini Mental State
Examination [6].

Radiographic Assessment

It is important to recognize that localization of a lesion and measurement
of its size will not necessarily predict the impact on specific thinking
abilities and on related function. Formal cognitive evaluation provides
an important complement to imaging studies.

TREATMENT

Guiding Principles

Assess cost of interventions (not just financial). For example, neuro-
stimulant medication can cause or exacerbate psychosis. Cognitive
remediation can cause frustration and fatigue.

Assess potential benefit of interventions. Treatments that have not
undergone randomized clinical trials should be recommended spar-
ingly, if at all. Prescribing experimental interventions may pro-
vide false hope or divert patient resources away from validated
treatment.

Assess capacity of patients to participate. For example, psycho-
therapy may be of limited benefit in patients with marked cognitive
impairment unless a neurologically intact family member joins treat-
ment sessions.
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Initial Management

In the early stages of recovery, treatment of cognitive impairment can
include the following: neurostimulant medications, interaction with family
members (verbal or nonverbal), early patient education, and orientation to
medical situation. Some recommend withholding distressing news (e.g.,
recent deaths of loved ones) until the patient has emerged from PTA.

Ongoing Care

Later in recovery, treatment can include cognitive remediation, retraining
in independent living skills, training in home exercises that can continue
after therapy concludes, and gradual resumption of previously enjoyed
activities. Psychotherapy may be beneficial if the family is involved and/
or if the patient has emerged from PTA.

Treatment Controversies

Debate continues about whether significant cognitive recovery can occur
after 1 to 2 years post injury [7]. There is also disagreement about the rela-
tive merits of direct remediation of cognitive impairment versus training
in compensatory strategies to work around permanent deficits [8].

Prognosis

= After 1 month of recovery, severe injury usually results in diffuse
impairment (affecting all domains of function). In contrast, at this
stage less severe injury results in specific impairments of any of a
number of areas, especially memory, cognitive flexibility, and psycho-
motor speed.

® By 6 years post injury, memory is the most common impairment
(observed in more than 50% of TBI survivors) [9].
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Behavioral Impairment
Recognition and Management

Simon Fleminger

GENERAL PRINCIPLES
Definition

In the early posttraumatic period, in the weeks and months post injury,
during recovery from moderate and severe traumatic brain injury (TBD),
the most common behavioral problems are: (1) agitation and wander-
ing, (2) lack of insight and psychotic symptoms, and (3) disinhibited
behavior.

In the long term, months and years after injury, the most troublesome
problems are: (1) self-centered, childish, thoughtless behavior, (2) aggres-
sion and violence, and (3) apathy and poor motivation.

Epidemiology

Early after injury about one-third of TBI patients show agitated behavior
[1], and many patients show impaired self-awareness [2]. After severe
injury as many as 45% may show a complete lack of insight (anosognosia)
into their injury [3].

In the longer term, aggressive behavior with irritability and explosive
temper is seen in a minority of patients, with severe problems in about
25% [4]. Family members commonly complain of personality change, in
particular that the patient is thoughtless, childish, and self-centered [5].

Etiology and Pathophysiology

Frontal lobe injury, particularly medial bifrontal damage, increases the
likelihood of early posttraumatic behavioral problems. This may, in part,
reflect damage to cholinergic nuclei in the basal forebrain. Pain, sys-
temic illness, hypoxia, medication (particularly if sedative or anticholin-
ergic), and alcohol or other illicit drug withdrawal may be contributory
factors.

248
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Later problems with aggression are more common in those with anti-
social behavior before the injury and in those with frontal lobe injury
[6]. Epilepsy may increase the risk. Depression, anxiety, substance abuse,
and psychotic illness may exacerbate symptoms. Apathy and motiva-
tional problems are more common in frontal injury or depression [7,8].

DIAGNOSIS
Clinical Presentation

In the days and weeks after injury, patients may show agitation, lack of
insight, and/or disinhibited behavior, often concurrently.

Agitation and Wandering

Patients may be restless, and if mobile may wander into other patients’
rooms or try to abscond from the ward. They may attempt to pull out an
indwelling catheter or intravenous line. Not uncommonly, agitation is
first noted on attempting to wean the patient off ventilation. It may be a
precursor of aggressive behavior.

Lack of Insight and Psychotic Symptoms

When insight is severely impaired, the patient will deny that he or she
has suffered any injury, stating that they are perfectly fit to return to work
despite obvious severe problems. Such patients are at risk of confabula-
tion and more overt psychotic states, which usually involve delusional
misidentification, for example, believing that they are at work or in a
duplicate hospital (reduplicative paramnesia). Persecutory delusions are
not uncommon.

Disinhibited Behavior
Sexually disinhibited behavior is particularly challenging for staff, upset-
ting for family, and a risk to other patients.

These early challenging behaviors tend to remit spontaneously as the
patient recovers. They may only last a few days but in some patients
persist and limit discharge options.

Late behavioral problems, months and years after injury are more com-
mon in those patients with early agitation [1].

History and Assessment

m A precise history of the problem will include detail about specific
instances of challenging behavior, and the severity and frequency
of the problems. It may be worth doing repeated measurement, for
example, with the Overt Aggression Scale [9]. Ask “what is the most
dangerous thing that has happened?”
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® An assessment of risk will include dangers to self, for example, from
wandering and getting lost or because of antisocial behavior leading
to assaults on the patient, and dangers to other patients and to staff.
Risk is greatest with patients who are mobile, strong, and skilled in
combat or fighting, when in the presence of vulnerable patients, and
with limited (or insufficient) staffing. For patients who are living at
home, remember to assess risks to children.

m Review of the patient’s physical health is essential to include sec-
ondary complications of the TBI (e.g., hydrocephalus or cerebral
infection), systemic illness (e.g., anemia or hypoxia), and causes of
pain or discomfort. These conditions may exacerbate behavioral
impairment.

m Review of the drug chart will indicate if prescribed medication may
be aggravating the behavior; pay particular attention to drugs that are
sedative or anticholinergic or enhance dopamine (e.g., methylpheni-
date). Anticonvulsants should be reduced and stopped unless there is
evidence of posttraumatic epilepsy [10].

Physical and Mental State Examination

m Determine if the patient is alert and orientated. Evidence of impaired
consciousness will mean that guidelines for management or delirium
will be appropriate. Disorientation is common in those with early agi-
tation, poor insight, or disinhibition. Measure cognitive performance
using the O-log [11] if severely impaired, otherwise use the Mini Mental
State Examination (MMSE) [12] and Frontal Assessment Battery [13].
These assessments will indicate the severity of cognitive impairment,
important as a guide to the etiology of the behavioral problem, and
can be used to track recovery.

m General physical and neurological examination will allow assessment
of secondary and other complications that may aggravate behavioral
problems.

m Check for symptoms of withdrawal from alcohol or illicit drugs, or
drug cravings.

m Assess the mental state for evidence of depression, mania, anxiety
disorder, fear, or psychotic illness.

m Assess the patient’s insight into their problems and their capacity
to make decisions about their treatment. This may be important if
they are going to need to be detained against their will for their own
safety.

Laboratory Studies and Radiographic Assessment

® These will need to be reviewed to assess for the presence of infectious
or metabolic complications or systemic illness.
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TREATMENT—EARLY BEHAVIORAL PROBLEMS
Prevention

®= On a medical or surgical ward, behavioral problems are less likely if
the patient has plenty of space and the room is not too hot.

m Early rehabilitation minimizes the risk by engaging the patient in
activity, thereby reducing boredom and facilitating a positive attitude
toward recovery.

m Flexible visiting hours enable family and friends to help support the
patient.

® Encourage staff, nursing in particular, to engage with the patient.
Ensure that they are confident, that they are properly trained in the
management of agitation and aggression, and have the necessary
backup, for example, from the hospital security team or access to
police.

m Keep medication that can increase delirium to a minimum. Discourage
knee-jerk prescription of sedative medication.

® Encourage good liaison with local neuropsychologist or neuropsychia-
trist to establish policies for management [14].

Initial Management

m Assess the patient (see earlier sections), and assess and ensure the
safety of all concerned. The patient may require one-to-one nursing.
Attend to strategies related to prevention.

m Treat any associated mental disorder, for example, depression.

m If possible, use masterly inactivity with careful observation and moni-
toring of the patient, support for staff, but little in the way of active
interventions; most early behavioral problems rapidly improve.

m Small doses of sedation may be needed only if there is evidence of
repeated problems. If possible, have a treatment protocol to follow; do
not constantly experiment with different drugs.

m Consider behavioral guidelines for management, but these are often
difficult to implement on a busy medical or surgical ward.

m Consider onward referral to cognitive behavior unit if available or
needed. Do not leave this too late.

Ongoing Management

m If problems persist, ensure that patient is not given frequent as needed
doses of short-acting benzodiazepines (e.g., lorazepam) or typical antip-
sychotics (e.g., haloperidol). Instead, consider regular long-acting ben-
zodiazepine (e.g., diazepam) or regular atypical antipsychotics. There
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is also evidence supporting the use of B-blockers for the management
of agitation and aggression [15].

® Monitor for adverse side effects, in particular increased disinhibition
due to benzodiazepine, akathisia due to antipsychotics, and increasing
confusion due to sedation.

m Consider antitestosterones or antipsychotics for sexual disinhi-
bition. However, these drugs should only be used as a last resort
given that sexual disinhibition early post injury almost always remits
spontaneously.

m Setup regular review meetings with staff to check how they are coping
and to provide advice.

m Given that the patient almost certainly lacks capacity to consent to
treatment, ensure you understand the legal basis on which medication
is being offered, and that this is documented. It is wise to negotiate
carefully with family and caregivers.

Treatment Uncertainties

m There is no good evidence on which to base guidance as to which
drug to use to control agitation and disinhibition after TBI [15]. On the
other hand, there is a risk of adversely affecting neural plasticity and
functional recovery with the use of benzodiazepines and typical antip-
sychotics such as haloperidol. Proper medication selection should take
all of these issues into consideration.

TREATMENT—LATE BEHAVIORAL PROBLEMS

Aggression is the commonest problem in the long term.

Prevention

m Address any psychosocial factors that may be present, for example,
housing, benefits, debt and so on.

® Minimize disability by ensuring good access to rehabilitation.

= Ensure structured activities, for example, vocational activities or day
care.

® Provide education for patient and family about brain injury, its seque-
lae, and management.

Initial Management

m Assess the patient and ensure the safety of all concerned, in particular
children.
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» Consider late secondary complications, for example, subdural hema-
toma or posttraumatic epilepsy.

m Treat any associated mental disorder, for example, alcohol or other
substance abuse, depression, and anxiety disorder.

m Refer to a psychologist who will undertake an assessment of anteced-
ents, behavior, and consequences (ABC) and may rate the behavior
using a standardized rating scale.

® The psychologist will consider behavioral guidelines for management;
these may be appropriate for the staff in the nursing home or as guid-
ance to the family or caregiver [16].

Ongoing Management

® Personality change, including problems with irritability and aggres-
sion after TBI, is difficult to treat.

» If problems persist, consider mood stabilizer, sedative antidepressant
(e.g., trazodone), or atypical antipsychotic (e.g., risperidone).

m Apathy may respond to dopamine agonist (e.g., bromocriptine).

» Consider respite care for caregivers.

» If problems persist and cannot be tolerated, then specialized place-
ment may be needed.

Treatment Uncertainties

» There is no good evidence on which to base guidance as to which drug
to use to control aggression after TBI [15].

SUMMARY
Prescribing for behavioral problems:

® no knee-jerk reactions—wait to see if the problem recurs or needs
drug treatment

m start low, go slow—initially use at most half of the recommended dose
for a patient without brain injury

® beware of “cocktails” of medication

m beware “chasing your tail,” for example, by increasing akathisia or
confusion

m trial of treatment—if it does not work, stop it

m use drugs with less:

m potential for drug interactions

m risk of aggravating epilepsy

» anticholinergic activity

m potential to adversely affect neural plasticity
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m for the treatment of behavioral problems after TBI drugs are generally
being used off label; ensure you negotiate with family and caregivers
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Rational
Neuropharmacology in
Traumatic Brain Injury

Cynthia D. Fields and Vani Rao

BACKGROUND

Neuropsychiatric impairments are common after traumatic brain injury
(TBD. These include cognitive impairment, mood and anxiety disorders,
psychosis, behavioral problems, apathy, and sleep disturbance. Table
39.1 highlights the prevalence, core features, and first-line treatment of
post-TBI neuropsychiatric symptoms and syndromes [1,2]. More detailed
descriptions of various disorders and their management, including less
commonly used medications not mentioned in this chapter, can be found
elsewhere (see Additional Reading section). This chapter will provide a
brief overview of the pharmacological treatment of common neuropsy-
chiatric sequelae of TBI.

GENERAL GUIDELINES FOR MANAGEMENT

Choose a Medication

In general, pharmacotherapy for post-TBI disorders is similar to that for
primary psychiatric disorders. There are few well-designed randomized,
placebo controlled trials to guide treatment decisions in this population.
Evidence is limited and consists mostly of case reports and case series.

Start Low and Go Slow

Start any agent at the lowest possible dose (usually one-third to one-
half the usually recommended dose) and increase the dose slowly. TBI
patients are very sensitive to side effects of medications. Medications with
known adverse central nervous system (CNS) effects, such as sedatives
or anticholinergic drugs, should be avoided whenever possible as they
have the potential to impair cognition and impede neural plasticity.
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Minimize the Number of Medications

Treat at an adequate dose and for an appropriate length of time with a
single agent before switching medications. If there is a partial response,
consider augmenting with another agent. Because CNS side effects are
additive, use caution when prescribing more than one psychotropic
agent. Watch for drug-drug interactions and monitor serum levels of
medications if available.

Consider Coexisting Medical Problems

Because seizure disorders are more common in TBI patients than in
the general population, drugs that lower the seizure threshold—for
example, bupropion, clozapine, and clomipramine—should be avoided,
if possible.

Caution

Avoid first generation anticonvulsants such as phenytoin, benzodiaz-
epines, and dopamine agonists such as haloperidol in the acute post-TBI
period, because there is strong evidence that they can worsen cognitive
functioning [3] and adversely affect neural plasticity [4]. Anticholinergics
(e.g., hydroxyzine) and antihistamines (e.g., diphenhydramine) should
also be avoided due to their adverse effects on the CNS. Monoamine
oxidase inhibitors should be avoided due to their extensive food and
drug interactions.

TREATMENT OF SPECIFIC POST-TBI DISORDERS

Cognitive Impairment

m Cholinesterase inbibitors—Cholinergic augmentation with cholinest-
erase inhibitors is a reasonable first-line treatment for memory impair-
ment. In particular, donepezil has been studied for impairments in
both memory and attention in moderate to severe TBI [5].

m Noradrenergic agonists—Noradrenergic agonist agents, which
increase norepinephrine (and to a lesser extent, dopamine) avail-
ability, are the mainstay of treatment for impaired attention and pro-
cessing speed. These agents may also enhance learning and memory.
Methylphenidate has been studied extensively in moderate to severe
TBI [6].

» Dopaminergic agents—Bromocriptine and amantadine [7] can be used
to treat executive dysfunction. Amantadine is not only a dopaminergic
agent but also a partial N-methyl-p-aspartate (NMDA) antagonist and
a noradrenergic agent. These agents also have beneficial effects on
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attention and general cognitive functioning. Amantadine is one of the
most extensively studied neurostimulant medications in TBI. It is of
particular interest because, in addition to its dopaminergic properties,
it possesses noradrenergic properties, and therefore has the potential
to influence multiple cognitive domains simultaneously.

Depression

m Selective serotonin reuptake inhibitors (SSRIs)—SSRIs are the first-line
treatment for post-TBI depression because of their safety and tolerabil-
ity as compared with tricyclic antidepressants (TCAs). Sertraline, the
most dopaminergic of the SSRIs, has the best evidence supporting its
use [8] and is the authors’ preferred SSRI. Other commonly used SSRIs
include citalopram and escitalopram.

m TCAs—TCAs, which block reuptake of norepinephrine and serotonin,
can be quite effective for depression in some TBI patients. Although
amitriptyline is recommended by certain groups [8], the authors prefer
nortriptyline and desipramine because they are the least anticholin-
ergic. Because of their unfavorable side effect profile, most clinicians
use TCAs only if an initial trial of SSRIs has been unsuccessful.

m Serotonin/norepinephrine reuptake inbibitors (SNRIs)—SNRIs, dual
reuptake inhibitors of both serotonin and norepinephrine (e.g., venla-
faxine), may also be effective.

» Mirtazapine—Mirtazapine, a presynaptic a-2 adrenergic and sero-
tonin receptor antagonist, can be especially useful when insomnia
and/or anorexia are presenting comorbid symptoms.

m Neuroleptics—In cases of major depression with psychotic features,
or in cases of depression with severe agitation or aggression, atypical
antipsychotics (also called second generation antipsychotics; e.g., ris-
peridone, olanzapine) at a standard dose may be used in conjunction
with antidepressants. First generation antipsychotics such as haloperi-
dol should be avoided as animal studies reveal that they can increase
neuronal toxicity [9] and impede neural plasticity [4].

® Caution—Bupropion, which facilitates dopamine transmission and
has effects on norepinephrine, is known to lower the seizure thresh-
old. When it must be used, the long-acting XL form is preferred with
a daily dosage not to exceed 300 mg.

Mania

» Anticonvulsants—Anticonvulsants, such as valproate [10], are the first-
line treatment for post-TBI mania and bipolar disorder. Close monitoring
of serum levels, liver function, and blood counts is recommended.
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m Lithium—Anecdotal reports [11] and animal studies [12] suggest the
effectiveness of lithium but clinical trials are needed. Because TBI
patients are particularly prone to its neurotoxic side effects, lithium
should be used with caution and is usually reserved for patients with
a prior history of mania. Serum levels should be monitored.

m Neuroleptics—Atypical antipsychotics (e.g., risperidone and olanzap-
ine) may be preferred when psychosis, agitation, and/or restlessness
are present.

Anxiety

® SSRIs—Treatment of persistent anxiety often includes the use of SSRIs,
for example, sertraline, at doses that are similar to or sometimes higher
than those used for major depression.

m SNRIs—SNRIs may also be a good option for anxiety in TBI patients.

® Buspirone—Buspirone, a serotonergic and weakly dopaminergic
agent, can be used safely as an anxiolytic in patients with TBI. Although
it has a slower onset of action than benzodiazepines, buspirone can be
considered as a first-line agent because of its benign side effect profile
and lack of significant drug-drug interactions.

Psychosis

m Neuroleptics—Atypical antipsychotics are the drugs of choice for
psychosis following TBI. They are preferred over the older “typical”
antipsychotics because of their lower incidence of neurological side
effects such as extrapyramidal side effects (EPS) and because they
do not inhibit dopamine release to the same degree. Risperidone is
a good first-line agent and the one that the authors prefer because of
its favorable risk to benefit ratio. Olanzapine is recommended by the
Neurobehavioral Guidelines Working Group [8] on the basis of case
reports supporting its effectiveness [13,14]; however, metabolic side
effects such as weight gain may limit its long-term use. Other atypical
antipsychotics may also be reasonable options [15].

» Anticonvulsants—If there is no improvement on neuroleptics, anti-
convulsants can be tried. Anticonvulsants can be useful for associated
agitation.

» Caution—Clozapine should be avoided because of its potential to
induce seizures.

Behavioral Dyscontrol

» Antidepressants—In general, the authors tend to use low-dose SSRIs
as a first-line treatment for chronic agitation and aggression, especially



Rational Neuropharmacology in TBI 261

if comorbid depressive symptoms exist. Antidepressants have also
been shown to be effective in cases of affective lability and syndromes
of impulsivity and/or disinhibition related to TBI, such as pathological
laughter and crying (formerly referred to as pseudobulbar affect or
emotional incontinence).

» Mood stabilizers—Mood stabilizers such as anticonvulsants are rou-
tinely used in the treatment of post-TBI lability, impulsivity, and/or
disinhibition.

m f3-Blockers—Small randomized controlled trials have demonstrated
the efficacy of B-adrenergic receptor blocker agents for the treatment
of post-TBI aggression [16] and guidelines have been established
for their use [8]. B-Blockers selective for the -1 subtype (e.g., meto-
prolol) are generally preferred because they tend to result in less CNS
depression.

m Neuroleptics—Acutely, if the patient is getting increasingly agitated, low-
dose atypical antipsychotics can be used. Note, however, that antipsy-
chotic medications do not help with chronic nonpsychotic aggression.

m Other—Noradrenergic agonists and dopaminergics may be useful for
impulsivity and disinhibition.

Apathy

Noradrenergic agonists (e.g., methylphenidate) and dopaminergic agents
(e.g., amantadine [17]) may be beneficial in the treatment of post-TBI apa-
thy. Cholinesterase inhibitors may also be useful if there is an associated
post-TBI dementia. A note of caution: SSRIs, especially in high doses, can
worsen apathy and amotivational syndromes [18].
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Pain Management in
Persons With Traumatic
Brain Injury

Nathan D. Zasler

INTRODUCTION

There is limited, methodologically sound, evidence-based literature on
the incidence, prevalence, epidemiology, etiology, assessment, and treat-
ment of pain in persons with traumatic brain injury (TBD.

Pain, as defined by the International Association for the Study of Pain,
is “an unpleasant sensory and emotional experience associated with
actual or potential tissue damage, or described in terms of such damage”
[1]. Pain should be considered as a multidimensional subjective experi-
ence mediated by cultural, emotional, and perceptual influences, among
other factors that affect patient perception and coping ability.

PAIN GENERATORS IN PERSONS WITH TBI

There are often challenges with regard to accurately determining pri-
mary pain generators; frequently multiple pain generators can be identi-
fied in this population.

® In the acute care phase, the primary pain generators are more likely
to involve such phenomena as fractures, intra-abdominal injuries,
peripheral nerve injuries, soft tissue injuries, and pain associated with
invasive procedures [2].

= In the chronic phase, spasticity/hypertonicity, myostatic contracture,
myofascial pain, fibromyalgia, complex regional pain syndrome, cen-
tral pain syndrome, central sensitization, skin breakdown, and tissue
hypoxemia, among other phenomena, may be causes of pain [2].

m In persons with disorders of consciousness, pain must be adequately
assessed; however, controversies remain regarding the methods for
assessment and management, including differentiation between reflex
and conscious pain responses [3].

264
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PAIN ASSESSMENT
History

The primary points to address in the context of taking a pain history [4]
include

= Time of onset of pain

m Progression of pain over time

m Treatment history relative to pharmacological and nonpharmacologi-
cal approaches that have either helped pain and/or made it worse

m Frequency of pain

m Severity of pain, typically rated using some type of pain scale (i.e.,
pain faces)

= “COLDER” mnemonic—character, onset, location, duration, exacerba-
tion, relief

» Functional consequences of pain (i.e., how this pain affects ability to
perform work- and non-work-related activities)

® In the context of assessing pain, it is always important to determine
if the patient had similar pain complaints predating the injury and,
if so, whether they have been altered by the injury in any way (G.e.,
better or worse)

m Review relevant medical records to increase understanding of poten-
tial pain generators

® Interview corroboratory sources, as persons with TBI may not have
adequate insight into, or memory regarding, their condition and/or its
functional consequences.

There are also a number of well-validated and reliable pain assess-
ment batteries that can be considered for use to supplement informa-
tion derived during the interview, including measures of behavioral and
cognitive coping, measures of general health functioning, specific pain
domain inventories, and/or general psychological measures, in particu-
lar, the Minnesota Multiphasic Personality Inventory (MMPI; [5]). There
are also additional pain assessment measures with built-in response bias
indicators [5].

Clinicians should be familiar with nonorganic indicators on interview
that may suggest the need for further assessment of functional contribu-
tors to the pain presentation.

Examination

m Conduct a holistic evaluation including inspection, palpation, and
appropriate neuromusculoskeletal examination.
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m Evaluate for response bias (e.g., MMPI-II validity scales, Word Memory
Test), particularly when there are obvious secondary gain motivators
such as personal injury litigation [6].

Diagnostic Assessment

The main clinical tests pertinent to assessment of pain include imaging,
electrophysiological testing, affective status testing, response bias test-
ing, pain psychology and coping testing, and general functional assess-
ment testing. Tests should only be ordered when it is anticipated that the
results will have an impact on clarifying a diagnosis and/or treatment
plan or facilitating prognostication [4,5,7].

PAIN MANAGEMENT
Primary Goals in Pain Management

®m Modulate and ideally negate associated physical and psychological
signs and symptoms associated with the pain condition/disorder [7].

m Prevent chronicity and secondary complications thereof, such as cen-
tral sensitization and/or chronic affective and maladjustment issues.

® Reduce functional disability and facilitate productive activity includ-
ing, as possible, return-to-work.

= Establish realistic treatment end points for the specific pain disorder.

» Educate regarding treatment options including risks versus benefits.

m The simplest, least invasive, lowest risk, and most cost effective man-
agement approaches that allow for optimization of patient compli-
ance and maximal functional restoration should be used whenever
possible.

®» When pharmacological agents are used, analgesia should be delivered
with minimal adverse effects and inconvenience to the patient, with
clearly defined treatment expectations, including education regarding
medication side-effects [7].

® Proper communication should be maintained between the patient, the
caregiver, and treater regarding response to individual pain treatment
interventions.

m The treating clinician should maintain ongoing communication with
any other clinicians involved with the patient’s health management to
adequately coordinate clinical care.

® Try to avoid use of opiates to modulate pain unless other options have
failed.

= Remember that not all pain is opiate sensitive; musculoskeletal pain
generators tend to respond better to opiates than neurogenic/neuro-
pathic pain generators.
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m Institute appropriate screening (i.e., Opiate Risk Tool) and monitoring
procedures (including use of opiate agreements and random urine
screens) [8].

Pharmacological Methods of Treatment

General Guidelines
Pharmacological approaches should be hierarchically divided based on
the intensity and type of pain being treated.

Mild Mild pain medicines that should be considered typically include
aspirin, acetaminophen, and nonsteroidal anti-inflammatory drugs
(NSAIDs).

Moderate Moderate pain medications include high-dose aspirin or
acetaminophen, high-dose standard NSAIDs, newer generation NSAIDs
such as cyclooxygenase-II inhibitors, injectable nonsteroidal anti-
inflammatories, mixed narcotic analgesics with aspirin or acetaminophen
(with or without caffeine), compounded topical medications, whether
trademark or compounded, and Tramadol.

Severe Medications to consider would include parenteral narcot-
ics, with Morphine Sulfate being considered the standard, mixed ago-
nist antagonists such as pentazocine, partial opiate agonists such as
buprenorphine, ketamine, antidepressants, anticonvulsants, continuous
local anesthetic, peripheral nerve block, and/or atypical agents includ-
ing cannabinoids. Other agents can be considered as adjutants including
atypical antipsychotic agents and N-methyl p-aspartate antagonists such
as memantine [7].

Medications that have been used for opioid insensitive pain include
NSAIDs, tricyclic antidepressants, newer generation antidepressants such
as venlafaxine or duloxetine, anticonvulsants including carbamazepine
derivatives, gabapentin, pregabalin, leviracetam, and lamotrogine, as
well as less commonly used agents such as mexiletine. Other agents
that have more recently been recognized as potential adjutants in the
pharmacological management of pain include tizanidine and sodium
amobarbital [7,8].

Evidence-based guidelines and meta-analyses should be referred to as
guides to the specific use of pharmacological and nonpharmacological
interventions for specific pain disorder conditions as available.

Attempts should be made to minimize polypharmacy as this will
improve compliance, decrease drug-drug interactions, and improve qual-
ity of life at the same time as decreasing cost to patient. In addition,
whenever possible, use of medications whose mechanism of action may
impede neural plasticity (e.g., opiates, barbiturates, certain anticonvul-
sants) should be minimized or avoided [9].
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Nonpharmacological Methods

Physical Approaches

Physical agents such as superficial heat and cold can be used to modu-
late pain.

There are a number of electrical stimulation techniques used in pain
management [10]:

® Transcutaneous electrical nerve stimulation and iontophoresis are
commonly employed as adjutants for pain control.

® Cranioelectrical stimulation is an FDA-approved treatment for pain
reduction that can complement other interventions.

Acupuncture may also serve as an adjunctive treatment for pain man-
agement [11].

Physical modalities tend to play a more predominant role in the treat-
ment of pain complaints of musculoskeletal origin, and may include
traction, manual medicine techniques, as well as massage.

Injection therapy, including intra-articular, periarticular, peritendi-
nous, ligamentous/fibrous tissue, and trigger point injections, can all
be used in various types of musculoskeletal pain disorders [12].

m Older techniques such as prolotherapy and newer techniques such
as injection of platelet-rich plasma seem promising for treatment of
posttraumatic musculotendinous pain [7,13].

m Anesthetic injections, either alone or in conjunction with steroids,
may be helpful in certain posttraumatic, neuralgic, or neuritic pain
conditions.

® Axial injections (e.g., epidural, zygapophyseal, sympathetic) may be
relevant considerations for particular posttraumatic pain disorders.

Exercise is an underprescribed treatment intervention in pain manage-
ment. Beneficial effects can include pain modulation on both a central
and peripheral basis, weight control, positive affective modulation,
benefits to brain function, improvement of general sense of well-being,
and improved general state of health.

Appropriate prescription of adaptive equipment, as well as an ergo-
nomically modified work environment, may also add to overall man-
agement of posttraumatic pain conditions to facilitate greater pain
modulation and tolerance.

Novel techniques, such as vestibular stimulation and deep brain stimu-
lation, are also being used for treatment of certain types of pain condi-
tions [14,15].

Psychological Approaches

A variety of psychological methods may be appropriate to consider
in the context of pain management, either in conjunction with other
interventions or as the sole intervention. Psychological interventions
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are underutilized treatment options for patients with chronic post-
traumatic pain disorders [10].

®m Behavioral treatment interventions for pain in persons with TBI
should focus on coping with pain, modulation of affective responses to
chronic pain and associated disability, as well as primary pain modu-
lation. Behavioral interventional techniques including biofeedback,
relaxation training, operant treatments, cognitive behavioral interven-
tions, as well as social and assertiveness skills and training, imagery
and hypnosis, and habit reversal should also be considered [5,10].

CONCLUSIONS

Appropriate pain management in persons with TBI requires not only an
understanding of the impact TBI may have on the pain neuromatrix but
also an understanding of the myriad pain generators that may occur after
TBI, cranial trauma, cervical injury, and polytrauma in general. Clinicians
must have an understanding of the literature relevant to this area of treat-
ment, the numerous assessment challenges and tools (including the
importance of taking an adequate history), and the various management
options, including caveats for treatment in this population of patients.
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Practical Guidelines for
Prognostication After
Traumatic Brain Injury

Sunil Kothari

INTRODUCTION

® Families report that they rarely receive the prognostic information
they desire after traumatic brain injury (TBD [1-3].

m Subjective estimates of prognosis based solely on a clinician’s per-
sonal experience are far less accurate than evidence-based prognoses
derived from well-designed studies [4-6].

= Recently published evidence-based guidelines on prognosis after
severe TBI have been updated for this chapter and are summarized in
the following sections. Additional details about the methodology used
are available elsewhere [7].

» These guidelines are designed to facilitate prognostication in indi-
vidual patients by using readily available information (predictor vari-
ables) to predict the likelihood of long-term outcomes.

EVIDENCE-BASED GUIDELINES: BACKGROUND

® The guidelines are meant for adults with severe TBI. Information on both
mild TBI as well as pediatric TBI is found elsewhere in this volume.

» The primary outcomes include classification according to the Glasgow
Outcome Scale (GOS), independent living, and vocational reentry, all
assessed at 6 months or later.

m The Glasgow Outcome Scale is the most widely used measure of out-
come after TBI; the guidelines assume a basic familiarity with its main
categories (Table 41.1).

m The primary predictor variables include age, initial Glasgow Coma
Scale (GCS) score, duration of coma (as measured by the time to follow
commands), early neuroimaging (both computed tomography [CT] and
magnetic resonance imaging), and duration of posttraumatic amnesia
(PTA).
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TABLE 41.1 Glasgow Outcome Scale

® Dead

m Vegetative state (“alive but unconscious”)

m Severe disability (“conscious but dependent”)—unable to live
alone for more than 24 hours: the daily assistance of another
person at home is essential as a result of physical and/or cognitive
impairments

m Moderate disability (“independent but disabled”)—independent
at home; able to utilize public transportation; able to work in a
supported environment

® Good recovery (“mild to no residual deficits”)—capacity to resume
normal occupational and social activities, although there may be
minor residual physical or mental deficits

m Several of the predictor variables were found to have threshold values,
which are values above or below which a particular outcome was
especially unlikely. For example:

m If PTA lasts more than 3 months, a person is very unlikely to achieve
a “good recovery” on the GOS.

= If PTA lasts less than 2 months, a person is very unlikely to be
severely disabled as defined by the GOS.

m Clinicians can use these threshold values as milestones in a patient’s
recovery. For instance, as the length of a patient’s PTA extends beyond
3 months, rehabilitation clinicians can counsel family members about
realistic expectations for the future. On the other hand, if 2 months
have not yet elapsed since the injury, clinicians can give hope to fami-
lies, even if the patient is still in PTA.

= Although they are well supported by research, these threshold values
are not absolute; there is a degree of statistical uncertainty in their
use. In particular, the upper limit of the confidence interval averaged
approximately 10%. This means that approximately 10% of individuals
will prove to be exceptions to the guidelines.

EVIDENCE-BASED GUIDELINES: RESULTS

m The results of the studies reviewed are summarized in Table 41.2. The
final guidelines are presented in Table 41.3.

® The duration of PTA is a more powerful predictor of outcome than the
length of coma. If both are available, one should rely on the duration
of PTA when prognosticating [7].

m A large, recently published study (n=1332) based on the Traumatic
Brain Injury Model System database reports threshold values for the
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Table 41.2 Summary of Studies of Nonpenetrating Traumatic Brain
Injury

Glasgow Coma Scale

m Lower scores associated with worse outcomes
m No threshold values

Length of coma
® Longer duration associated with worse outcomes
= Threshold values:
m Severe disability unlikely when less than 2 weeks
® Good recovery unlikely when more than 4 weeks
Posttraumatic amnesia

m Longer duration associated with worse outcomes
= Threshold values:
m Severe disability unlikely when less than 2 months
= Good recovery unlikely when more than 3 months
Age
m Older age associated with worse outcomes
® Threshold values:
® Good recovery unlikely when more than 65 years
Neuroimaging
= Certain features (e.g., depth of lesions) associated with worse
outcomes
m Threshold values:
® Good recovery unlikely when bilateral brainstem lesions
present on early magnetic resonance imaging

From Ref. [7].

Table 41.3 Summary of Evidence-Based Guidelines for Prognostication
After Severe Nonpenetrating TBI®

Severe disability (according to GOS) is unlikely when
= Time to follow commands is less than 2 weeks
= Duration of PTA is less than 2 months
Good recovery (according to the GOS) is unlikely when
= Time to follow commands is longer than 1 month
® Duration of PTA is more than 3 months
m Age is more than 65 years

Up to 10% of patients may be exceptions to these guidelines.
GOS, Glasgow Outcome Scale; PTA, posttraumatic amnesia; TBI, traumatic
brain injury.

From Ref. [7].



274 Moderate to Severe TBI

duration of PTA similar to those summarized here. In particular, it
found that (1) good recovery is unlikely when PTA lasts more than 2
months and (2) severe disability is unlikely when PTA lasts less than
40 days [8].

PENETRATING INJURIES

» Although the mortality rate from penetrating injuries is much higher
than with closed head injuries, survivors are less likely to be vegetative
or severely disabled.

® In general, after penetrating missile injury, lower GCS scores and CT
findings of bilaterality or transventricular injury are associated with
worse outcomes. Moreover, patients with a postresuscitation GCS
score of 8 or less are unlikely to achieve a good recovery [7].

MODERATE TBI

m More than 90% of individuals with moderate TBI (GCS 9-12) will
achieve either a moderate disability or good recovery [9,10].

m Risk factors associated with poorer outcomes: GCS score of 9 or 10,
older age, and abnormalities on CT scan. When these are present,
patients are more likely to have a moderate disability (or, infrequently,
severe disability) rather than good recovery [9,10].

RECENT DEVELOPMENTS

m Our ability to prognosticate after TBI may improve as a result of recent
advances in technology such as magnetic resonance spectroscopy,
serum markers (e.g., s100b), and neural networks. Although prom-
ising, there is not yet enough evidence to support the use of these
modalities in routine clinical practice [11].

Table 41.4 General Guidelines for Communicating Prognostic
Information

® Begin with the family’s desire for information as well as their cur-
rent beliefs

m Ensure that the meaning and content of the outcomes are
understood

m Present quantitative information in a manner that can be
understood (see Table 41.5)

m Foster hope

m Pay attention to the process of communication (see Table 41.6)

From Ref. [7].
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Table 41.5 Guidelines for the Communication of Quantitative
Information

Try to use “natural frequencies” when communicating probabilistic
information (e.g., “Eight out of 10 people with this type of injury will
make a good recovery”)

Present information both qualitatively as well as quantitatively (e.g.,
“There is a very good chance of a good recovery”)

Attempt to “frame” information in both a positive and negative
manner (e.g., “That is the same as saying that 2 out of 10 people with
this type of injury will not make a good recovery”)

®m When possible, consider presenting the information visually

Ask person to restate, in their own words, their understanding of the
information provided

From Ref. [7].

Table 41.6 Guidelines for the Communication Process

Find a quiet, comfortable room without interruptions

Sit close and speak face to face

Have the family member’s support network present, if they desire
Present the information at a pace the family can follow
Periodically summarize the discussion to that point

Periodically ask family member to repeat or summarize what was
said

Keep the language simple but direct, without euphemism or jargon
Allow time for questions

From Ref. [7].

COMMUNICATING PROGNOSES

Formulating a prediction is only the first step in prognostica-
tion; this information must then be conveyed to the family. Tables
41.4-41.6 provide some suggestions for communicating prognostic
information.

ADDITIONAL READING
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Sexuality After
Traumatic Brain Injury

Angelle M. Sander

GENERAL BACKGROUND

= Sexual dysfunction is a frequent occurrence in persons with traumatic
brain injury (TBI), with many studies documenting sexual problems
in more than half of their participants [1-3].

m Decreased frequency of, and/or satisfaction with, sexual activity has
been noted among males and females [1-9].

m Failure to address sexuality can lead to emotional difficulties, low self-
esteem, and relationship problems.

COMMON TYPES OF SEXUAL PROBLEMS AFTER TBI

m Decreased desire or drive [4,6,7]

m Decreased arousal: characterized by difficulty obtaining or maintain-
ing an erection in males [2,4-7] and by decreased vaginal lubrication
in females [0]

m Decreased ability to achieve orgasm [5-7]

® FEjaculatory dysfunction in males [8,9]

® Hypersexuality—drastic increase in sexual drive, accompanied by dis-
inhibition and inappropriate sexual behaviors, or sexual behavior in
inappropriate settings; occurs rarely, but results in significant distress
for rehabilitation staff and family members [8,10]

CAUSES OF SEXUAL DYSFUNCTION AFTER TBI

Primary causes—direct result of changes to brain structure or
function
= Frontal lobe damage or damage to related subcortical structures
[10,11]
¢ Dorsolateral frontal damage: apathy and decreased initiation and/
or interest in sex
¢ Orbitofrontal damage: disinhibited and impulsive sexual behavior
277
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Damage to temporal lobe or related limbic structures, including
amygdala [11,12]

e Temporo-limbic dysfunction in epileptics is associated with hy-
posexuality [13].

¢ Bilateral anteromedial temporal lobe damage: Kluver-Bucy type
syndrome, with disinhibited sexual behavior [14,15].

Damage to subcortical structures (thalamus, hypothalamus, or hip-
pocampus) [12,16,17]

Damage to afferent (sensory) and efferent (motor) pathways in the
brainstem [12]

Disruption of neurochemical system (dopamine, serotonin) [12]
Neuroendocrine dysfunction (hypothalamic-pituitary-gonadal sys-
tem) [12,18]

e Damage to hypothalamus and pituitary common with TBI

¢ Disruption of hormone levels (testosterone, progesterone, and
estrogen)

¢ Can lead to disruptions in menstrual cycle and decreased fertility
in women

e Can lead to decreased sperm production and infertility in men

Secondary causes—due to indirect effects of other changes resulting
from TBI

Medication side effects [11,19]

e Anticonvulsants—can result in decreased sex drive and impo-
tence

¢ Antidepressants—can result in decreased sex drive, erectile
and ejaculatory dysfunction for men, and delayed orgasm for
women

¢ Anticholinergics—can reduce sex drive and result in erectile and
ejaculatory dysfunction

¢ Serotonergic agonists—can result in decreased sex drive

Physical impairments [11]

e Motor impairments (e.g., spasticity, hemiparesis, or decreased
balance)—can lead to difficulty with positioning and to pain dur-
ing sexual activity

¢ Sensory impairments—can affect arousal and ability to achieve
orgasm

Cognitive impairments

* Impaired attention and concentration can affect sexual arousal
and ability to sustain attention during a sexual encounter [20].

e Impaired memory can affect ability to recall sexual encounters
and/or dates that can lead to sexual opportunity [10,21].

¢ Impaired initiation affects frequency of sexual activity and can be
interpreted as disinterest by partner [11].
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e Impaired social communication/pragmatics results in decreased
awareness of the impact of actions on others, decreased ability to
read non-verbal cues and gestures, decreased ability to interpret
others’ emotions, decreased empathy, and decreased ability to
initiate conversation [22].

e Impaired planning and goal-directed behavior may result in dif-
ficulty accomplishing social planning leading to opportunities for
sexual relationships (e.g., can’t make a date, plan date activities,
set up a romantic environment) [11].

* Impaired cognitive flexibility and abstract thinking limit the abil-
ity to fantasize, which is important for drive and arousal [11].

= Emotional changes—including depression, low self-esteem, poor
body image, child-like and dependent behaviors, self-centeredness,
apathy, aggression, and impulsivity [20]

m Relationship issues—marital dysfunction, loss of friendships and
social networks/social isolation [23]

TREATMENT

® The most important thing that you can do for your patients is to create
an atmosphere of openness and comfort regarding the discussion of
sexuality. Let them know that sexual problems are not infrequent after
TBI. Emphasize that problems are treatable.

m Integrate 1 or 2 questions on sexuality into your intake or follow-up
interview.

® “Are you sexually active and/or are you satisfied with your sexual
functioning?”

= “Do you have any questions or concerns about the impact of TBI
on sex?”

m Conduct a comprehensive medical examination, referring out and/or
treating as appropriate:

m Screen for other medical illnesses that could contribute to sexual
dysfunction (e.g., diabetes, heart disease, kidney disease, and thy-
roid dysfunction).

®m Obtain hormone levels and investigate possibility of pituitary
dysfunction.

» Conduct or refer for urological examination and/or obstetrics/gyne-
cology examination.

m Review medications for side effects affecting sexual function.

® Rule out pain as a cause of sexual problems.

= Rule out motor problems as a contributor to sexual dysfunction.

» Provide specific suggestions to improve sexual functioning:

® A change in positioning during sexual activity can reduce impact
of motor problems, balance problems, and pain.
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m Assist men with investigating drugs to enhance sexual performance
and/or prosthetic devices to compensate for erectile dysfunction.
® Assist women with investigating lubricants and/or dilators to com-
pensate for lack of vaginal lubrication.

m Altering the environment during sexual encounters can reduce the
impact of distractibility and other cognitive deficits (e.g., arranging
a quiet environment, with minimal background noise).

m Use of erotic movies or books to assist with arousal.

® Investigation of ways to increase social networks can increase the
opportunity to form intimate relationships (e.g., local YYM.C.A.,
church groups, and other social organizations). Have a list of these
available in your clinic.

® Provide information on safe sex practices, including birth control
and prevention of HIV and other sexually transmitted diseases.

m Refer for other services as appropriate:

m Postacute cognitive rehabilitation to address cognitive deficits that
can affect sexual functioning, particularly social communication
Individual counseling/psychotherapy to address emotional issues
Marital or couples therapy to address relationship issues

Licensed sex therapy to directly address sexual problems
Bibliotherapy—reading about sexuality and alternative ways for
sexual fulfillment—books, or Internet; includes information on
sexual prostheses
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Assessment of
Decisional Capacity

Rebecca Brashler

GENERAL PRINCIPLES
Definitions

= Medical competence is generally referred to as “decisional capacity,”
“decision-making capacity” or just “capacity.”

m “Competency” is a legal concept. It can only be formally determined
by the courts, although in practice, the terms capacity and competency
are often used interchangeably [1].

m There is no universally accepted definition of competence and no
universally accepted method of assessing a patient’s decisional capac-
ity [1].

Decisional Capacity Implications and Assumptions

m There is a presumption that every adult patient is competent unless
proven otherwise.

» Competent patients are believed to have the authority to provide
informed consent and act autonomously when making medical deci-
sions [1].

= Competent patients have the right to refuse unwanted (even life-sav-
ing) medical care and make what we might think are bad or risky
decisions [3].

® Patients judged to be incompetent by the courts will have a legal deci-
sion maker appointed (a guardian) and they may lose certain rights
such as the right to vote, the right to marry, and the right to enter into
contractual agreements.
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ASSESSING CAPACITY

Background

Patients with brain injuries (along with the elderly, patients with
mental illness, mental retardation, and aphasia) should receive
formal assessments of their capacity. They should not be deemed
to be incompetent based solely on their medical diagnosis or
condition.

Patients who disagree with their healthcare providers often have their
capacity questioned more frequently than those who are compliant
and agree to the recommended treatment plan.

Decisional capacity is situation specific. A patient may have the
capacity to make some simple decisions but remain unable to
make more complex decisions. When assessing capacity the cli-
nician should explicitly state which decision is being tested (.e.,
“this patient is being assessed for her ability to make decisions
about having a shunt revision this week to relieve intracranial
pressure”).

Decisional capacity is not static. A patient’s capacity fluctuates and
is influenced by mood, time of day, metabolic status, fatigue, pain,
medications, and other factors.

Sliding scale: Most ethicists agree that the more probable or serious
the risk inherent in the decision, the more stringent the standard of
capacity should be [3]:

® Routine decisions

® Invasive procedures/clinical trials
= Life and death decisions

Decisional Capacity Assessment Instruments

MacArthur Competence Assessment Tool for Treatment (MacCAT-T). A
guide developed by Applebaum and Grisso to assist clinicians in rating
responses during a structured assessment interview [4].

Aid to Capacity Evaluation. An assessment tool, available online,
developed by the University of Toronto Joint Center for Bioethics [5].
Hopkins Competency Assessment Test. A brief method for evaluating
patients’ capacity to provide informed consent based on a short essay
and a questionnaire [0].

Capacity to Consent to Treatment Instrument. An instrument that
asks patients to respond to hypothetical oral and written vignettes
in order to determine general capacity to consent to medical treat-
ment [7].
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The Decisional Capacity Structured Interview

The Decisional Capacity Structured Interview. Whether or not a specific
tool is used to rate the patient’s responses, assessing capacity involves a
structured conversation or interview between a clinician and the patient.
The following elements should be considered:

m Alertness: Patients must have a level of alertness that allows for the
assessment to take place. Comatose and vegetative patients are easily
adjudicated and are universally viewed as incompetent.

® Orientation: May include a Mini Mental Status Examination as well as
orientation to situation and appreciation of the need to participate in
decision making.

m Ability to communicate a choice: Patients must be able to express a
preference via verbal or nonverbal means. They cannot have a level of
ambivalence so extreme that choices cannot be determined. Stability
of choice is relevant and can be tested by asking the same questions
at different times/days.

» Understanding of relevant information: Includes the ability to receive,
store, and remember information. Deficits in intelligence, memory,
and attention span can interfere with this element. Clinicians can test
understanding by asking the patient to paraphrase what they have
been told about the treatment or life decision.

m Appreciation of the situation and its consequences: Can the patient
grasp the probable outcomes of the treatment and the consequences of
its refusal? Pathological denial, delusional perceptions, and affective/
cognitive deficits may interfere with this ability.

m Rational manipulation of information: Can the patient engage in a risk/
benefit analysis? This involves the ability to reach conclusions that are
logically consistent with the starting premise. The chain of reasoning
and not the conclusion should be the focus.

DECISION MAKING AFTER TBI: CHALLENGES
AND ETHICAL CONCERNS

Neuropsychological Testing and Decisional Capacity

m Institutions and courts traditionally rely on neuropsychological testing
alone when making determinations about capacity, although as noted
by Kothari & Kirschner, “there is no clear way to determine what pat-
tern of test findings preclude adequate decision making” [8].

® During the early stages of recovery and emergence from coma, a
patient’s capacity may change rapidly. It is impractical to repeat full
neuropsychological batteries while a patient’s status is in flux.
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Decisional Capacity Versus Performative Capacity

® Many patients with traumatic brain injury (TBI) demonstrate a dis-
crepancy between decisional capacity and performative capacity [9].
They may be able to describe what they want to do in a particular
situation but they may not be able to act accordingly when that situ-
ation arises.

m Most capacity tools focus on a patient’s ability to provide consent for
medical treatment while on brain injury units. We often need to assess
a patient’s capacity to make decisions about practical life situations—
such as a decision to choose to live independently or a decision to
drive a car. This usually necessitates moving beyond a structured inter-
view to some type of simulated testing environment where observable
behaviors can be incorporated into the assessment.

Personhood

Families often tell us that patients with TBI seem like “different people”
and demonstrate uncharacteristic behaviors/beliefs after their injuries.
They may be impulsive, lack initiative, or be interpersonally provoca-
tive. Ethically it may be difficult to know how to respond when a patient
who appears to have some limited capacity makes decisions that their
loved ones know to be profoundly different from those they made prior
to their injury.

m If previous wishes were documented, particularly if they were written
in a formal advance directive, the premorbid preferences will hold
greater legitimacy.

» A tendency to minimize the severity of cognitive deficits, while not
necessarily denying the fact that they sustained an injury—a hallmark
of many patients with TBI—may be a reason to place greater weight
on previously demonstrated preferences, particularly around practical
life choices.

m If current behaviors/choices place the patient at high risk for further
injury or if they potentially place others at risk, a more stringent capac-
ity standard should be met.
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Community Integration

James F. Malec and Anne M. Moessner

GENERAL PRINCIPLES

The concept of community integration is best understood via the four
categories [1] listed below:

m Assimilation—The individual with brain injury (BD fully participates
in community life but special needs resulting from BI are not identified
and supported by the community;

» [ntegration—The individual fully participates; needs are identified or
supported;

m Segregation—The individual does not fully participate; needs are iden-
tified or supported;

» Marginalization—The individual does not fully participate; needs are
not identified or supported.

The degree of acculturation may differ across needs. For instance, integra-
tion is more common after BI for medical needs than for vocational needs.

Early Intervention

Early rehabilitation intervention, ideally within days of injury onset, is
typically more efficient, promotes recovery, leads to less supervision and
hours of care needed later, and is less expensive over a lifetime when
compared to rehabilitation that is delayed [2]. However, rehabilitation
provided later, even years post injury, can still be effective in reduc-
ing disability, care, and supervision needs [3]. Most survivors of BI will
return to the community [4,5]; often overlooked during early recovery
is the need to provide a long-term perspective to families that includes
eventual return to community.

Coordinated Care by Specialized Providers

For patients with complex injuries, coordinated care provided by special-
ists encourages return to community [2,6]. Care coordinators can serve as
continuous, knowledgeable, and accessible points of contact and assure

288



Communmnity Integration 289

the patient receives services from well-qualified practitioners in special-
ized facilities.

Long-Term Follow-Up and Care

Recovery following severe BI is often measured in months to years. In
light of the trend toward reduced rehabilitation lengths of stay (LOS; TBI
Model Systems rehabilitation LOS: 1990=48 days; 2000=29 days; 2010=19
days) [4], much of this recovery will occur in the community or other
posthospital settings. This trend has increased the importance of rehabil-
itation programs either directly offering long-term outpatient treatment
and follow-up, or referring to affiliated reputable programs that do so.
Adapting to change after BI is oftentimes challenging. Even as progress
is made and successful community living with or without supports has
been realized, a change in family status, health, work, external supports,
or environment can result in renewed need for rehabilitation services. A
system of care that allows for long-term follow-up is critical.

Family Education

Families may be the sole providers of community-based care for indi-
viduals with BI. Behavioral, cognitive, and emotional residuals fol-
lowing BI significantly interfere with successful community living.
Teaching families about these and other common issues, and impart-
ing problem-solving and advocacy skills, fosters successful coping and
integration.

Education for families in formal settings, such as structured classes,
or more informally, via BI support groups, can be helpful, as can use of
multimedia and web-based education approaches.

Community Partnerships

Connecting patients and families with community services, peers, and
advocacy organizations is essential for successful community integration.
Examples of traditional services include: social services, state depart-
ment of vocational rehabilitation, public education, public health, health
care funding (Medicaid, Medicare), subsidized accessible housing, and
independent living centers. These services are not available in all locales,
particularly small town and rural communities. An individualized net-
work of community supports may need to be constructed involving, for
instance, family and friends, social and church groups. Such social sup-
port networks promote positive outcomes after BI [7]. Lack of transporta-
tion is a common obstacle to employment; family and friends are often
the most reliable providers of transportation.
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Resource Facilitation

Resource facilitation (RF) is a process by which a coordinator provides
assistance and advocacy to “break down barriers, increase access, and
facilitate timely, coordinated management of resources” [8] to support
the individual with BI’s return to full participation in family and com-
munity life. The RF coordinator assists the individual with BI to develop
a self-directed plan for community re-entry, identify and gain access to
needed services and supports, and develop a sustainable network of
these services and supports. The Brain Injury Association in many states
of the United States provides RF.

Social Versus Medical Model Interventions

RF represents a social model intervention [9]. In the social model of
disability, the target of interventions is the physical and social environ-
ment in which the person with disability lives and works. The goal of
social model interventions is to reduce physical and social environmental
obstacles to participation in community life following disability. These
types of interventions are in contrast to medical model interventions in
which the target is the disease or impairment that creates illness or dis-
ability. These models are not mutually exclusive. To the contrary, our best
recommendation for assisting individuals with BI in community re-entry
is an individualized approach that combines elements of both models.

NEEDS ASSESSMENT

Community re-entry should be considered throughout the person’s hos-
pitalization, inpatient and outpatient rehabilitation, and follow-up. Begin
with the end in mind [10]. The type and intensity of services to support
community re-entry will be highly individualized. Needs will change over
the continuum of care and therefore need to be continuously assessed.
Correct “dosing” of services optimizes outcome and responsible steward-
ship of the health care dollar. The indicators described in the following
sections should be considered in recommending the intensity and extent
of services along the continuum of care.

Severity of Injury Versus Severity of Disability

Initial injury severity has traditionally been important for determining
acute medical and surgical intervention and rehabilitation. Assessment
of disability at the time of hospital discharge, however, (assessed, for
example, by Discharge FIM [11] or Mayo-Portland Adaptability Inventory
[MPAI-4]) [12] will give a better indication of the extent and intensity of
future services required [13].
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Time Since Injury

Chronic injuries typically require greater intensity of service provision,
but extended chronicity does not preclude capacity to benefit from those
services [3].

Self-Awareness

Impaired self-awareness has a negative impact on outcome and is asso-
ciated with poorer compliance and participation in treatment, need for
more intense rehabilitation services, and longer LOS [14]. However, treat-
ment studies suggest that this can be mitigated by comprehensive holistic
rehabilitation and specific interventions [15].

Depression

Depression is prevalent following BI (40%-70% are diagnosed within
2 years of injury) and negatively affects outcome [16].

Substance Abuse

Those with a preinjury history of substance abuse are at higher risk
for return to abuse post injury; substance abuse negatively affects out-
come [17].

Preinjury Issues

Preinjury unemployment, limited education, preinjury chemical depen-
dency, and/or psychiatric history negatively affect outcome [18].

Family Issues

Preinjury family dysfunction is present in more than 25% of families at the
time of injury and is likely exacerbated by stresses related to injury [19].

The negative impact of emotional, substance-related, family, and
some preinjury issues can be mitigated with early detection and specific
treatment.

INTERVENTION

Successful community re-entry requires the integration of community-
based services with rehabilitation services. Malec and Basford [20] identi-
fied four major categories of programs following inpatient rehabilitation:
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(1) neurobebavioral—pharmacologic and behavioral treatment for
patients with severe behavioral disturbances in a highly restricted envi-
ronment; (2) residential—rehabilitation and community services in
an environment with professional supervision throughout the day; (3)
comprebensive-bolistic day treatment—intensive, integrated, interdisci-
plinary BI rehabilitation for those with severe and pervasive disabilities
typically including impaired self-awareness; and (4) outpatient commu-
nity integration—focused rehabilitation for individuals with circum-
scribed and self-identified goals. Most patients, even after severe BI, are
appropriate for one of the latter two types of outpatient programs. A
number of reviews describe such programs and endorse their effective-
ness [21-23].

Rehabilitation Intensity

Those with more severe and pervasive disabilities generally require
more intensive rehabilitation. Pre- or postinjury factors that contrib-
ute to severity of disability include: severely impaired self-awareness,
depression, other pre- or postinjury psychiatric or personality disorder,
current or past substance abuse, or other disabling conditions. Family,
social, or environmental disadvantages may also enhance overall dis-
ability. Rehabilitation can be effectively delivered either in outpatient
clinic settings or in the community [24]. Intensive holistic day programs,
although not available in many areas, can achieve superior outcomes (for
instance, 60%-70% of participants ultimately transition into community-
based employment) [15].

Facilitative Services

RF and specialized vocational services (SVS) are also typically required
for successful community re-entry. RF and SVS may be sufficient in some
cases without outpatient rehabilitation.

Vocational Re-entry

Successful vocational reintegration often requires RF, SVS, and supported
employment [6,9,25]. Please see Chapter 67 for a detailed discussion of
this topic.
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Cranial Nerve Palsies

Flora Hammond

GENERAL PRINCIPLES
Epidemiology

True incidence of cranial nerve (CN) injuries is not certain.

® Most frequently injured—CN I, followed next by CN VII and CN VIII

m Less commonly injured—optic (CN II) and oculomotor (CN III)
nerves

® Rarely injured—trigeminal (CN V) and lower cranial nerves

Etiology

Etiology includes acceleration-deceleration, shearing, skull fracture,
intracranial hemorrhage, intracranial mass lesion, uncal herniation,
infarct, and vascular occlusion.

Mechanism of Injury

® Mechanisms include compression, traction, transection, and
ischemia.

» Central (nuclear) CN injury occurs from brainstem damage; peripheral
CN injury results from fracture or local injury.

m CNs are at particular risk for injury, because they traverse over bony
protuberances and canals, or by direct injury from skull fracture.

Prognosis

m Olfactory (D—Reported prognosis is: 33% recovery, 27% worsened,
and 40% no change [1]. Recovery is usually noticed within the first 6
months and complete by 12 months post injury [2], with later recover-
ies (up to 5 years) reported [3]. Parosmia (sensation of smell in absence
of stimulus) may be the first sign of return.

= Optic (ID—The optic nerve is a direct extension of the brain and does
not regenerate.
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® Oculomotor (III)—Recovery usually takes 6 to 12 months. Return of
function is usually incomplete, with complete recovery in 40% [3].

» Facial (VID—With delayed-onset palsy, CN VII is usually structurally
intact and recovers in 8 weeks [2].

EVALUATION

Risk Factors

Risk factors include skull fractures due to close proximity to CN (espe-
cially CN: I, II, III, IV, V [first two branches], VII, and VIID); and increased
intracranial pressure, causing compression (CN IID).

Clinical Presentation

m Olfactory (I)—altered sense of smell

m Optic (ID—altered visual acuity and/or visual fields

» Oculomotor (IID—ptosis, lack of accommodation, dilated and fixed
pupil, divergent strabismus, diplopia, and the eye only moving later-
ally. When looking straight ahead, the affected eye turns outward and
slightly down. When looking inward, the affected eye can move only
to the middle and cannot look up or down

m Trochlear IV)—diplopia (especially when descending stairs); affected
eye rotated out with inability to turn eye in and down, compensatory
head tilt away from affected side

» Trigeminal (V)—scleral injection due to corneal abrasions and drying,
decreased facial sensation and/or neurogenic pain, weakness with
chewing

® Abducens (VI)—impaired ability to turn affected eye outward, affected
eye turns inward when looking straight ahead, diplopia with looking
toward the affected side, esotropia (strabismus in which one or both
eyes turn inward) worsened by lateral gaze, and head turned laterally
toward paretic side

m Facial (VII)—weakness of face and lid closure, and loss of taste
sensation on anterior two-thirds of the tongue. Facial muscle weak-
ness may affect mastication with impaired oropharyngeal swal-
lowing phase

m Vestibulocochlear (VIID—hearing loss, vertigo, nystagmus, and/or
impaired balance; commonly associated with temporal bone fracture,
mastoid fracture, Battle’s sign, otorrhea, bleeding from the ear, and
hemotympanum

» Glossopharyngeal 1X)—loss of taste over posterior third of the tongue,
deviation of the uvula contralaterally, decreased salivation, and slight
dysphagia
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® Vagus (X)—palate paralysis with loss of the gag reflex, dysphagia, and
aphonia or hypophonia due to unilateral paralysis of the vocal fold.
Bilateral vagal disruption is fatal

» Spinal (XI)—inability to turn the head to the opposite side, and ipsi-
lateral shoulder drooping, which may result in shoulder dysfunction
and pain

» Hypoglossal (XII)—inability to protrude tongue on the affected side;
may lead to dysphagia

Physical Examination

Diagnosis is generally based on physical examination of CN functions.
Examination may need to be repeated or completed as consciousness
recovers.

» Olfactory (ID—Test detection of familiar, non-noxious smells with eyes
closed. Giving the person choices may help overcome word-finding
problems.

m Optic (ID—Assess visual acuity, visual fields, pupillary reactivity, and
perform ophthalmoscopic examination. Complete monocular blind-
ness with preservation of normal pupillary reflexes is usually a sign of
malingering or other types of functional (nonorganic) disorders.

m Oculomotor (IID)—Assess tracking in the six cardinal positions, con-
vergence on near targets, pursuit movements, saccades, pupillary reac-
tion, and eyelid elevation. CN III palsy is indicated by difficulty moving
the eye in, or up and down, with preserved outward movement, and
may be associated with pupillary dilatation and ptosis. Doll’s eye
maneuver and pupillary light reflex are used for assessment if uncon-
scious. A fixed and dilated pupil signals herniation as the nerve runs
medial to the temporal lobe at the tentorium edge.

m Trochlear (IV)—Assess adduction in conjunction with downward gaze
of the involved eye. Individuals with CN IV palsy cannot look down-
ward when the eye is adducted.

» Trigeminal (V)—Test facial sensation, corneal reflex, and motor func-
tion of the jaw.

® Abducens (VI)—Look for deficiency in lateral gaze when testing move-
ment of the eyes through the full extent of the horizontal plane.

» Facial (VID—Test the five main functions: facial expression (smile,
wrinkle forehead, puff cheeks, close eyes tightly), taste identification
on anterior two-third of the tongue, external ear sensation, stapedius
muscle function, and lacrimal and salivary gland function.

= Upper motor neuron lesion—facial weakness contralateral to the
lesion with sparing of forehead wrinkle because of the bilateral
innervation of the frontalis muscle
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® Lower motor neuron lesion—ipsilateral facial weakness inclusive of
flattened forehead wrinkle; inability to close eye

® Pontine lesion (CN VII nucleus)—complete ipsilateral facial paraly-
sis along with contralateral hemiparesis, and frequently accompa-
nied by ipsilateral CN VI palsy

m Vestibulocochlear (VII)—Examine tympanic membrane for tears, and
test eye movement for nystagmus, postural responses, and hearing.

m Glossopbaryngeal (IX)—Test sensation of posterior palate and gag
reflex.

® Vagus (X)—Test palate elevation and gag reflex.

m Spinal (XI)—Test resisted head rotation to opposite side and ipsilateral
shoulder shrug.

» Hypoglossal (XI)—Look for ipsilateral atrophy, tongue fasciculations,
and deviation with tongue protrusion. The tongue deviates to the side
of the lesion because of the unopposed, contralateral muscles.

Diagnostic Evaluation

m Olfactory (ID—Evaluation may include imaging the anterior cranial
structures, ethmoid tomography to detect basal skull fracture, and
electroencephalography (EEG) in cases of parosmia.

m Optic (IND—Consider EEG to evaluate for occipital seizures. Visual
evoked response (VER) may be considered to evaluate the integrity of
the visual system from the eye to the occipital cortex.

» Oculomotor (I1D—CN III palsy may be a sign of impending neurologic
compromise, and as such, diagnostic imaging studies (CT/MRI) are
generally needed emergently to evaluate cause.

m Trochlear (IV) and Abducens (VD—CT or MRI may help assess loca-
tion of associated pathology.

m Facial (VII)—Electromyography and nerve conduction can provide
prognostic data. Brain imaging may be warranted to aid in distinguish-
ing between central and peripheral lesions.

m Vestibulocochlear (VIID—CT of the temporal bones may be indicated to
assess for skull fracture in the region of the auditory canal. Audiometry
helps detect, characterize, and quantify hearing loss, and guide treat-
ment decisions. Brainstem auditory evoked responses (BAER) may be
useful in those who are unable to cooperate with audiometry.

MANAGEMENT

Measures are needed to prevent secondary injury, and a variety of treat-
ments may be aimed at promoting recovery and improving function.

» Olfactory (D—There are no established effective treatments. Safety mea-
sures and education are needed, including: awareness of potential risks
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(e.g., inability to detect smoke, spoiled foods, or toxins), use of smoke
alarms on all floors, labeling food, and need for hygiene routines.
Optic (ID—Evaluation by a neuro-opthalmologist or optometrist is
warranted. Steroids and/or optic canal decompression may be benefi-
cial in selected cases. Special optics may help visual field defects [4].
Visual training may help visual spatial disorders [5].

Oculomotor (IID)—Occlusive therapy resolves diplopia during patch-
ing, but does not produce long-term effects. Pleoptics (eye exercises)
do not appear to be effective [6]. Strabismus surgery may be performed
to correct cosmetic deformity, although it should be delayed 6 to 9
months after injury to allow for spontaneous recovery.

Trochlear (IV)—Treatment depends on the cause. Ocular exercises
may help. Sometimes strabismus surgery is necessary.

Trigeminal (V)—Decreased corneal sensation with resulting risk of cor-
neal abrasions requires frequent eye irrigation, lubricating gel, and patch-
ing of the affected eye, especially at night. If irritation continues, lateral
or complete tarsorrhaphy is needed to avoid development of corneal
ulceration and opacities. If trigeminal neuralgia develops, consider anti-
convulsants or other agents and modalities used for neuropathic pain.
Abducens (VI)—CN VI palsy due to traumatic brain injury usually
resolves over time.

Facial (VID—Treatment considerations for facial nerve swelling within
the facial canal may include corticosteroid administration, otolaryn-
gology consultation, and facial nerve decompression. Complete facial
nerve disruption may be helped with surgical techniques. Inadequate
lid closure requires frequent topical lubricant, and may require an eye
pad/taping or tarsorrhaphy. In cases of oral-motor weakness, speech
therapy may be needed to assess swallowing safety and administer
exercises for oral-motor strengthening.

Vestibulocochlear (VIID—Vestibular treatment is aimed at the system’s
capacity to habituate to stimuli [2]. Refer to a physical therapist well versed
in vestibular rehabilitation. Labyrinthine exercises are used to decrease
vestibular sensitivity [7]. Medications for vestibular dysfunction are dis-
couraged because of potential sedation, cognitive side effects, and preven-
tion of central adaptation [2]. Unilateral hearing loss may be helped with
contralateral routing of signal (CROS) type hearing aid [2]. Sensorineural
hearing loss is not amenable to surgery or hearing aids. Surgical repair
may help conductive hearing loss that fails to recover spontaneously [8].
Masking sound devices and biofeedback may help tinnitus [2].
Glossopharyngeal (IX)—Treat symptomatically, and assess risk for
aspiration. May need speech pathology to assist with oral-motor
exercises.

Vagus (X)—Identify alternative feeding techniques for those at risk
for aspiration. Pharyngeal exercises may improve mild dysarthria [7].
Glottic incompetence may be improved with procedures that augment
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vocal cord bulk. For high vagal lesions, aggressive surgical procedures
(e.g., thyroplasty and arytenoids adduction) may be beneficial [9].

m Spinal (XI)—Aggressive physical therapy should be initiated as soon
as possible. Surgical nerve repair after sectioning may be possible in
selected cases.

» Hypoglossal (XII)—Dysarthria exercises may improve coordination
and strength. Assess for dysphagia, possible need for swallowing pre-
cautions or oral-motor exercises.
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Hydrocephalus

David F. Long

GENERAL PRINCIPLES
Definition and Epidemiology

m Hydrocephalus is defined as “an active distension of the ventricular
system of the brain related to inadequate passage of cerebrospinal
fluid (CSF) from its point of production within the ventricular system
to its point of absorption into the systemic circulation” [1].

= It is the most common treatable neurosurgical complication in trau-
matic brain injury (TBD rehabilitation; occurs in up to 45% of severe
TBI patients while in inpatient rehabilitation [2].

= Dynamic hydrocephalus can be difficult to distinguish from ex vacuo
ventriculomegaly, a hallmark of severe diffuse brain injury [2,3].

Classification

» Communicating hydrocephalus—all ventricles are interconnected
with free exit of CSF to subarachnoid space [1]; most posttraumatic
hydrocephalus cases

= Noncommunicating hydrocephalus—obstruction between ventricles or
preventing outflow from ventricles [1]; consider aqueductal stenosis dec-
ompensated by TBI when lateral and third ventricles are large but fourth
ventricle is small or normal; lumbar puncture is contraindicated [2]

Pathophysiology of Hydrocephalus

m The processes causing the development of hydrocephalus are complex.
Hydrocephalus is not necessarily associated with increased pressure,
because when ventricles enlarge, the expanding force is distributed
over a larger area, reducing the pressure. Also the size of the ventricles
reflects the pressure within them relative to that of the surrounding
tissues (just as the size of a balloon depends on the pressure inside
compared with that outside) [2,3].
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DIAGNOSIS
Clinical Presentation

® Risk factors—subarachnoid or intraventricular hemorrhage, meningi-
tis, craniectomy [1,4].

® Acute hydrocephalus may present with headache, nausea, vomit-
ing, lethargy, papilledema, bulging craniectomy flap, Cushing’s triad
(hypertension, bradycardia, and hypoventilation) [2].

m Normal-pressure hydrocephalus (NPH) may present with triad of gait
“apraxia” (shuffling magnetic quality with reduced cadence, decreased
step height, loss of counter-rotation), “subcortical” cognitive impair-
ment, and urinary incontinence [5].

= Other presentations—akinetic mutism, bradykinesia, Parkinsonian
syndrome, pretectal syndrome (loss of upgaze, lid retraction, impaired
papillary reactivity, convergence retraction nystagmus), nonspecific
deterioration in neurological status [2,5].

Computerized Tomography and
Magnetic Resonance Imaging

® Typical appearance—progressive ventriculomegaly with convex fron-
tal horns, enlarged temporal horns and third ventricle [2].

m Sulci are typically less prominent than ventricles, especially in high
convexity, but the presence of enlarged sulci does not exclude hydro-
cephalus [2,5,6].

®» Transependymal fluid may be present—smooth periventricular
signal (MRI) or lucency (CT); predictive of a good response to
shunting. Differential considerations—frontal contusions, cerebral
infarctions or demyelination—are usually more irregular and asym-
metric [2].

Supplemental and Invasive Assessment

m CSF tap—clinical improvement, especially in gait, after removal of 40
to 50 cc of CSF by lumbar puncture predicts good response to shunt-
ing, but low test sensitivity (26%—61%) means that a negative result can-
not be used as an exclusionary test for hydrocephalus; many patients
with a negative test can respond to shunting [7].

= Placement of a continuous external lumbar drain for 72 hours, if avail-
able in a specialized center, is both more sensitive and specific for
diagnosing NPH than CSF tap [2,7].

m Cisternography—does not add to accuracy of diagnosis of hydroceph-
alus [8].
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TREATMENT
Initial Management

Surgical Options

® Ventriculoperitoneal shunt—CSF drains from ventricular catheter, out
of skull through a burr hole, through a one-way valve. Catheter passes
under the skin terminating in the peritoneal space; the standard pro-
cedure for communicating managing hydrocephalus [2,9]

» Third ventriculostomy—for aqueductal stenosis, a hole can be created
between the floor of the third ventricle and the adjacent cistern to
allow passage of CSF without requiring a shunt [2]

m Other shunt types—include ventriculoatrial, ventriculopleural (with
intra-abdominal process or to get lower pressure), lumboperitoneal
(communicating hydrocephalus only) [2,9]

Basic Shunt Concepts

= Shunts typically have a one-way valve, either with fixed setting or pro-
grammable with an external magnet; very large ventricles may need a
particularly low pressure valve setting [2].

m A palpable reservoir or pumping chamber will generate forward flow
if there is a valve between it and the ventricle; if the valve is further
downstream than the reservoir, pumping can generate retrograde flow
into the ventricle, such as for intrathecal medication administration
[2,9].

® Clinical improvement and reduction in ventricular size after shunting
do not correlate well. Recent efforts with combined programmable
and gravitational shunts seem to indicate that good clinical results can
sometimes be obtained from shunting with little associated reduction
in ventricular size [2].

Shunt Complications

Shunt Failure

» Incidence of shunt revision in adults is approximately 30% [2].

m Shunt failure symptoms include irritability, confusion, lethargy, head-
ache, or acute neurologic change.

® Shunt palpation may show excessive resistance (distal occlusion) or inad-
equate refill (proximal obstruction). Unfortunately, one cannot determine
with certainty whether a shunt is working by bedside palpation [10].

m Perform CT or MRI and look for increased ventricular size compared
with prior scan.

= Distal shunt occlusion may also have fluid loculation or pseudocyst
on abdominal CT [11].



306 TBI-Related Medical Complications

m Shuntogram is most definitive—A needle is inserted into a safely
perforable part of shunt, pressure measured, and contrast or isotope
injected and followed down into peritoneal space [9]

Shunt Infection

m Insidious presentation—low grade fever, malaise, irritability; ery-
thema over shunt; 70% occur in the first 2 months after insertion;
Stapbylococcus epidermidis is most common; diagnosis is by shunt
tap, not lumbar puncture (unreliable) [2]

= Treatment—intravenous antibiotics, shunt removal or externalization [2]

Overdrainage

® Gravitational pressure of column of CSF between the valve and the
distal end of the catheter frequently causes siphoning of CSF resulting
in overdrainage [2,9].

® Acute overdrainage symptoms can include orthostatic headache, diz-
ziness, vomiting, lethargy, and diplopia. Chronic overdrainage causes
slit ventricle syndrome with nonpostural headache and intermittent
proximal shunt malfunction [2].

m Overdrainage predisposes to development of subdural hematomas and
hygromas—CSF drainage from ventricles creates increased potential
subdural space. Subdural collections occur in 4.5% to 28% of shunted
patients and are more likely with very large ventricles before shunt-
ing [2].

Additional Considerations

Programmable Shunts— Concepts and Use

m These allow bedside adjustment of the opening pressure of shunt
valves by use of an external magnet to prevent underdrainage (poor
clinical response) or overdrainage [2,9,12,13].

= Cost effective (often avoids reoperation) and adjustments can improve
clinical course [12,13].

» Inadvertent valve resetting by MRI, magnets, valve filliping, or tran-
scranial magnetic stimulation may occur [2,14,15]; MRI scans are not
contraindicated, but valve settings need to be rechecked after MRI;
some valves require confirmatory x-ray to verify setting [2,14,15].

Antisiphon Devices and Gravitational Shunts

® Antisiphon devices, gravitational valves, and gravitational units added
to a shunt system attempt to prevent excessive CSF flow induced by
siphoning [2,10].

m A gravitational unit in series with a programmable valve can decrease
siphoning and allow adjustment with an external magnet [16].
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Specific Programmable Shunts

= Codman Hakim Programmable Valve—first in United States, multiple
clinical trials, 18 settings at 10 mm increments from 30 to 200 mm
H,O; MRI can reset valve, and determination of setting requires x-ray
[2,12,14]

m Medtronic PS Medical Strata Valve—five settings from 0.5 to 2.5 for
opening pressures 15 to 170 mm H,O; MRI can reset, but valve can be
read and adjusted at bedside [2,14]

= Sophysa Programmable Valves—new Polaris model has five positions
and locking mechanism designed to prevent changes in valve by MRI
[14,16]

m Aesculap-Miethke proGAV programmable shunt system—combines a
gravitational unit in series with a programmable valve with a brake
to prevent inadvertent MRI valve change; settings can be checked at
bedside without x-ray [16]
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Posttraumatic Seizures

Puneet K. Gupta and Ramon Diaz-Arrastia

GENERAL PRINCIPLES
Definition

A seizure (sz) is a spontaneous, excessive synchronous discharge of corti-
cal neurons that can result in clinical manifestations such as sensations,
alteration in behavior or consciousness, and/or body movements

m Subclinical sz—“nonconvulsive sz”; no overt clinical features

= Simple partial sz (SPS)—no impairment of consciousness (i.e., intact
memory)

m Complex partial sz (CPS)—impaired attention, awareness, and/or
consciousness (i.e., impaired memory)

m Generalized tonic-clonic sz (GTCS)—Iloss of consciousness (LOC);
can be primarily generalized or secondarily generalized (from SPS
or CPS)

A posttraumatic sz (PTS) refers to a sz after traumatic brain injury (TBI)

= Immediate szs or “concussive convulsions” are acute symptomatic
szs that occur within minutes of TBI; not predictive of posttrau-
matic epilepsy (PTE) [1]

m Early PTS are acute symptomatic szs occuring within 1 week after
TBI

m Late PTS occur more than 1 week after TBI

PTE refers to a disorder of recurrent, unprovoked, late PTS

Epidemiology

m The prevalence of PTS in the United States is 2% to more than 50%
depending on cohort and injury severity [2,17].

® About 80% of first PTS occur within 2 years, 50% to 60% within 1 year,
and 40% within 6 months of TBI [4].

m Early PTS occur in 2% to 17% of all patients with head injuries, are
more common in children, and correlate with TBI severity [2].
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® The cumulative incidence of late PTS in the first 30 years after TBI is
2% for mild injuries, 4% for moderate injuries, 20% for severe closed
head injuries, and more than 50% if the dura is penetrated [3,19].

Pathophysiology

m Physiological mechanisms causing szs after TBI are not completely
understood [7,8,20].

» Both focal and diffuse brain insults often coexist in TBI patients. Focal
insults (contusions or intracranial hematomas) result in neighboring
neural inflammation, gliosis, sprouting, and neurogenesis, which are
felt to result in epileptogenesis [9]. Diffuse insults can result in injury
to susceptible brain regions, such as the hippocampus. Injury can lead
to atrophy and sclerosis; up to one-third of PTE is of temporal lobe
origin [9].

DIAGNOSIS
Risk Factors

m For early PTS—younger age (especially <5 years), acute ICH, acute
subdural hematomas (SDH; in children), diffuse cerebral edema (in
children), metal fragment retention, neurological deficits, depressed
or linear skull fractures (in adults), and LOC or amnesia for >30 min-
utes [2]

m For late PTS—age > 65 years, early PTS (in adults), SDH, brain con-
tusion, alcoholism, penetrating injury, retained metal fragments,
depressed skull fracture, neurological deficits, brain tissue loss, and
severe TBI [2,4,10] (see Annegers under Additional Reading)

® The risk of PTS decreases with time and reaches the baseline value for
the population at 10 to 15 years after the head injury [4].

m A single late PTS has a 65% to 90% chance of progressing to PTE.

» The likelihood that PTE will go into remission is lower if PTS are
frequent in the first year after TBI, if PTS onset is >4 years after TBI,
or if there is intracranial hemorrhage (ICH) [10-12] (see Jennett under
Additional Reading).

Clinical Presentation

®» PTS may present as subclinical sz, partial sz (majority), symptomatic
and secondarily generalized sz, or even as primary generalized szs (up
to 5%) but not as generalized absence sz [10,11,18] (see Diaz-Arrastia
under Additional Reading).

® Any partial onset sz (SPS or CPS) can secondarily generalize; more
common with frontal than temporal lobe origin sz.
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» Typical symptoms associated with SPS by location of sz origin:

m Frontal lobe—rare auras; clonic or tonic posturing of body parts

m Temporal lobe—autonomic (abdominal discomfort, nausea, abdom-
inal rising feeling), psychic (fear or sense of impending doom, anxi-
ety, feelings of déja vu or jamais vu), or olfactory and gustatory
hallucinations (usually of an obnoxious smell or taste)

m Parjetal lobe—vertiginous aura, elementary sensory symptoms
(which can be painful)

m Occipital lobe—elementary visual hallucinations (bright lights,
zig-zagging colored lines, or kaleidoscopic shapes), formed visual
hallucinations

m Typical symptoms associated with CPS by location of sz origin:

» Frontal lobe CPS—hyperkinetic motor movements, bicycling, hip
thrusting, thrashing, and asymmetric tonic posturing

m Temporal lobe CPS—staring, unresponsiveness, automatisms (.e.,
stereotyped behaviors such as chewing, lip smacking, self-polishing
movements of fumbling with their clothes), or dystonic posturing
of the extremitis.

m GTCS are characterized by tonic extensor posturing of the arms and
legs, followed by rhythmic clonic movements of the arms, legs, and
trunk. GTCS are often associated with transient apnea, vomiting,
tongue biting, and sphincter incontinence.

m After a CPS or GTCS, there may be a post-ictal period (typically last-
ing <10 minutes), during which the patient is obtunded and difficult
to arouse. Even after regaining consciousness, patients are often con-
fused and amnestic for up to several more hours. Patients often report
headaches, dizziness, and sleepiness after a sz, particularly GTCS.

Physical Examination

® Neurological findings, if present, may correlate with the epileptogenic
zone.

» Immediately after a sz, transient focal neurological deficits (i.e., weak-
ness that later resolves [“Todd’s paralysis”] or aphasia) are often helpful
in localizing sz onset.

Diagnostic Evaluation

m Differential diagnosis includes psychogenic nonepileptic szs (PNES)
(.e., “pseudoseizures”), syncope (e.g., concussive syncope), confu-
sional states (i.e., delirium), acute memory disorders (e.g., fugue state),
dizziness, and imbalance.

® In patients with moderate to severe TBI with refractory spells, about
30% were misdiagnosed as having PTE but actually had PNES [14].
Therefore, if atypical features are present and szs continue despite
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treatment, the diagnosis of PTE should be verified by video electroen-
cephalogram (VEEG).

Laboratory Studies

m Serum tests (i.e., chem panel, liver function tests, urine drug screen);
EEG. Note that a single interictal (between sz) EEG has a low sensitivity
(30%-50%, which approaches 80%-85% with serial EEGs) of capturing
epileptiform activity. However, if captured, epileptiform discharges
(spikes or sharp waves) are >97% specific for epilepsy.

® VEEG evaluation should be considered if seizures are disabling and do
not respond to appropriate antiepileptic drugs (AEDs).

Radiographic Assessment

» Patients who present with an acute TBI and a sz should be imaged with
a computed tomography (CT) scan immediately, and the study should be
repeated if the condition of the patient does not improve or worsens.

m Head CT is more accessible and cheaper than magnetic resonance imag-
ing (MRD and, although less sensitive, is usually able to depict acute
pathology (i.e., intracranial bleed) that needs urgent intervention.

® Brain MRI is the study of choice for nonacute evaluations of PTS
or PTE. Transient diffusion weighted imaging (DWI) and/or Fluid-
attenuated inversion-recovery imaging (FLAIR) changes may occur
with sz and do not reflect structural injury.

TREATMENT
Guiding Principles

m Prophylaxis with AEDs is often initiated as soon as possible after
moderate to severe TBI [16]. AEDs (i.e., phenytoin, levetiracetam)
given within a day of injury prevent early PTS but not late PTS or
PTE [17-19]. Chronic prophylactic use of AEDs is possibly associated
with an increased risk for PTS. For these reasons, AEDs are widely
recommended for a short time after head trauma (7 days) to prevent
early but not late PTS (see Temkin under Additional Reading).

m Late PTS or PTE worsens functional outcome significantly, and there-
fore prevention of PTS is an important goal [20]. However, no treatment
is established to prevent the development of epilepsy (e.g., antiepilep-
togenesis), but AEDs may repress sz if late PTS or PTE occur.

m In children, AEDs may be ineffective in preventing both early and
late PTS.

m Treatment of PTE does not require hospitalization, but admission may
be needed for the treatment of status epilepticus or for VEEG to assist
in the diagnosis.
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Initial Management

m PTS prophylaxis—See Guiding Principles.

= In those with a single unprovoked sz, the decision whether or not to begin
AEDs depends on the risk of developing further szs (see Risk Factors).

m Early PTS—The recommendation is that early PTS should be treated
promptly. Acutely, lorazepam, diazepam, fosphenytoin, sodium val-
proate, and levetiracetam are the drugs of choice and are usually effec-
tive in stopping an ongoing sz. There is little data on how long to
continue therapy, but many continue AEDs for a few weeks to months,
especially in those with moderate to severe TBI.

» Chronically, one first- or second-generation AED can be started.
Typically, the second-generation medications are just as efficacious
and better tolerated. No known randomized controlled studies have
been performed to prove that one is better than the other. Phenytoin
probably should be avoided, because it increases the risk of impairing
cognitive function. Levetiracetam is better tolerated and just as effec-
tive as phenytoin in TBI.

m If sz control is not achieved with one drug, a second or even a third
AED may be required to achieve sz control.

m Late PTS—The risk of sz recurrence after a first late PTS is high;
chronic use of AEDs is recommended in these individuals. The choice
of AEDs is the same as mentioned earlier.

» PTE—The choice of antiepileptic medications is the same as men-
tioned earlier.

Ongoing Care

Medical Care

m Regular follow-up (at least yearly) should be performed.

= Once a therapeutic medication regimen is achieved, the individual is
typically maintained on the same dosage for a period of 2 years. After
2 years, the individual should be evaluated for the possibility of with-
drawal from the antiepileptic therapy.

m Factors such as the presence of focal neurological deficits, CT evidence
of structural brain disease, and persistent EEG abnormalities increase
the risk of recurrence.

» Ifszsremain intractable, referral to an epilepsy specialist may be indicated,
and consideration may need to be given to interventional approaches
such as placement of a neurostimulator or epilepsy surgery.

Additional Considerations

® Patients must be warned to exercise caution during bathing, swim-
ming, and climbing heights. They should never be alone during these
activities.
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m Patients must also be counseled about the limitations in driving, based
on the laws in their state or country of residence.

m Psychological problems related to social isolation and the stigma of
epilepsy must be addressed. Depression is a common comorbidity.
Consultation with psychiatrists, counselors, and social workers should
be considered when these issues are identified.
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Heterotopic Ossification

Nora Cullen and Christina Taggart

BACKGROUND

Heterotopic ossification (HO) is a common sequela of traumatic brain
injury (TBD) that often leads to pain and restricted joint range of motion
(ROM), limiting a patient’s ability to participate in rehabilitation and fur-
ther adding to disability by reducing mobility and function.

Definition

The abnormal formation of mature lamellar bone within soft tissues such
as tendons, ligaments, and muscles [1].

Epidemiology

The incidence of HO following TBI is 11% to 73.3%, reaching clinical
significance in 10% to 20% of cases [2].

Classification
After Brooker et al. (1973) [3]:

m Class I—Islands of bone in the soft tissue

m Class II—Bone spurs leaving at least 1 cm between opposing
surfaces

m Class III—Bone spurs leaving less than 1 cm between opposing
surfaces

m Class IV—Ankylosis

Pathophysiology

Neurogenic Factors

Osteoblastic cells undergo inappropriate differentiation within soft tis-
sues. They are likely stimulated by an osteogenic factor released by
the injured brain [4-6], which affects prostaglandins (PG), leading to
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abnormal regulation of bone metabolism. Other contributing factors
include hypercalcemia, hypoxia, sympathetic imbalance, and disequi-
librium of parathyroid hormone and calcitonin [7].

Enhanced Osteogenesis

Ectopic bone is highly metabolically active, with a rate of formation
three times greater and an osteoclastic density twice that of normal age-
matched bone [8].

Timeline

The ectopic organic osteoid matrix reaches full calcification within a mat-
ter of weeks. Osseous reorganization to mature trabecular bone occurs
during subsequent months [4].

DIAGNOSIS

Early detection is imperative in preventing the progression of HO.

Risk Factors

There is an increased risk with skeletal trauma, spasticity, immobiliza-
tion, and post-injury coma more than 2 weeks [5].

Clinical Presentation

Restricted joint ROM, swelling, and pain [9].

Timing

= Symptoms generally begin 2 months post-injury, but range from 2
weeks to 12 months [1].

= HO formation precedes symptom onset; decreased ROM is often the
earliest clinical sign.

Location

HO can occur at any joint following TBI but most often develops at frac-
ture sites or in bruised soft tissue. The most commonly affected joints
are the hip, shoulder, elbow, and, rarely, the knee [9]. Ankylosis is most
likely to occur at the elbow.

Physical Examination

Clinical exam often reveals a swollen, warm, and painful joint, with
decreased ROM. Other findings may include erythema, para-articular
mass, and fever. These clinical findings may be mistaken for deep venous
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thrombosis, infection, local trauma, or fracture [10], but should be con-
sidered in the differential diagnosis of HO.

Bloodwork

m FElevated serum alkaline phosphatase levels can occur from 7 weeks
before [5] to 3 weeks after [11] appearance of clinical symptoms.

® Erythrocyte sedimentation rate and C-reactive protein may also
become elevated early in the formation of HO [12].

Radiography

m Triple-phase bone scan with increased uptake during first and second
phases is the diagnostic gold standard. HO can be detected as soon as
clinical features appear [5].

» Plain radiographs may remain negative until 2 to 6 weeks after clinical
symptoms begin [13].

MANAGEMENT

The aim is prevention of progression, pain management, and maximiza-
tion of joint mobility.

Physical Modalities

m Physiotherapy involving assisted ROM exercises and gentle stretching
is of benefit in relieving pain, maintaining mobility, and preventing
ankylosis [5,14]. The joint should not be moved beyond its pain-free
range of movement [15].

®= Manipulation under anesthesia may help differentiate between spas-
ticity and ankylosis and relax muscles enough to perform forceful
manipulation, increasing ROM [16].

» Continuous passive motion can increase and maintain joint ROM at the
knee both during HO development and after surgical excision [17].

Medical Management

Nonsteroidal Anti-Inflammatory Drugs [18]

Action Minimize HO formation and patient discomfort in early and
intermediate stages.

Mechanism Most nonsteroidal anti-inflammatory drugs (NSAIDs) act
as nonselective inhibitors of cyclooxygenase, thereby blocking the for-
mation of PG.
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Optimal drug Indomethacin

® Indomethacin is the gold standard in the prevention of HO following
total hip arthroplasty (THA). Other NSAIDs, such as naproxen and
diclofenac, have been shown to be equally effective and are considered
alternative first-line treatments.

» Cyclooxygenase-2 inhibitors, such as rofecoxib and celecoxib, can also
be used.

Potential side effects of NSAIDs Gastrointestinal complications, car-
diovascular side effects, and delayed fracture healing.

Bisphosphonates [18]
Action Inhibitory effect on the formation of hydroxyapatite.

Mechanism Bisphosphonates block the aggregation, growth, and min-
eralization of hydroxyapatite, thereby retarding the ossification process.

Optimal drug Disodium etidronate

®» When used in conjunction with NSAIDs, etidronate affects the osteo-
blasts that escape the inhibitory action of NSAIDs. It may also reduce
the number of osteoclasts and alter their cellular morphology.

m Etidronate may have an anti-inflammatory effect.

Dosing Should be started as early as possible post-injury at a dose of
10 to 20 mg/kg/day, before significant ectopic bone begins to form, and
administered for at least 6 months.

Potentialside effects Gastrointestinal symptoms, hyperphosphatemia,
and possibly osteomalacia.

Caution A Cochrane Review [19] suggests “there is insufficient evidence
to recommend the use of disodium etidronate or other pharmacological
agents for the treatment of acute HO.” It has been suggested that disodium
etidronate acts by delaying, rather than preventing, the mineralization of
ectopic bone, which may then occur after treatment cessation.

Surgical Intervention

General Principles

Surgical excision of HO is an option if conservative treatment has failed.
It has been shown to significantly improve joint mobility, ambulation,
and patient comfort, as well as to reduce spasticity [12].

Timing

The optimal timing of surgical resection of HO following TBI is still
controversial but it is usually not considered until 12 to 18 months after
formation to reduce the likelihood of recurrence [20]. However, there is
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increasing evidence that timing of surgical intervention does not affect
recurrence rates [21-23]. Further, late surgical intervention may result in
poorer functional outcomes by leading to an increased risk of ankylosis,
disuse osteopenia, and associated iatrogenic intraoperative fracture [22].

Potential Complications

HO has a 36% recurrence rate, usually within 3 months of surgical excision
[24]. Intraoperative fracture can also occur [22]. NSAIDs and etidronate may
be useful in preventing HO recurrence following surgical excision [15].

Radiotherapy

Local radiotherapy has been used successfully to prevent HO after THA
[5]. Its utility in TBI patients is less clear due to the difficulty in predicting
the site of HO formation after a head injury. Radiotherapy has not been
shown to be of benefit in reducing the volume of established ectopic
bone in TBI patients.
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The Management of
Endocrine Dysfunction in
Traumatic Brain Injury

Lucy-Ann Behan and Amar Agha

INTRODUCTION

Posttraumatic hypopituitarism (PTHP) refers to any abnormality of the
endocrine hypothalamic-pituitary axis following traumatic brain injury
(TBD), including anterior pituitary hormone deficiency and posterior
pituitary hormone deficiency.

EPIDEMIOLOGY

Based on published prospective studies the estimated frequency of long-
term PTHP is 22.7% to 68.5% [1].

PITUITARY GLAND ANATOMY AND PHYSIOLOGY

The pituitary gland is located at the base of the skull within the sella
turcica, and is joined to the hypothalamus by the infundibulum. The
pituitary gland, measuring 8 mm by 10 mm, receives its blood supply
from the internal carotid arteries, primarily via the superior hypophy-
seal artery and the long hypophyseal portal vessels, which arise above
the diaphragma sella, while the inferior hypophyseal artery and short
hypophyseal vessels enter below the diaphragma sella. The hormones
produced by the pituitary and their peripheral targets are described in
Table 49.1.

PATHOPHYSIOLOGY

The pathophysiology of PTHP is not completely understood. Current
evidence suggests that multiple factors are involved in the development
of PTHP including [2]
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Table 49.1 Pituitary Physiology

Pituitary Hormone Target Gland Result
Anterior
Growth hormone Various end Mainly acts via insulin-
organs, liver like growth factor-1
Adrenocorticotropin  Adrenal gland Cortisol, androgens
hormone
Gonadotropins Ovaries/testes Estrogen/testosterone
(FSH/LH)
Thyroid stimulating Thyroid gland Thyroid hormone
Hormone
Prolactin Mammary glands Lactation and gonadal
suppression
Posterior
Antidiuretic hormone Distal nephron Fluid and electrolyte
(vasopressin) balance
Oxytocin Uterus and breast No known role in males.
in females Contracts pregnant uterus

and contributes to
lactation. No known
adverse effects with
deficiency of this
hormone

FSH, follicle-stimulating hormone; LH, luteinizing hormone.

® Primary brain injury

® Mechanical trauma may injure the gland, the infundibulum and/or
the hypothalamus.

m Skull base fractures, rotational and shearing injuries may compro-
mise the blood supply to the pituitary. The long hypophyseal ves-
sels along the infundibulum are particularly vulnerable.

®» Hemorrhage into the sella turcica or into the pituitary gland may
also result in direct structural injury.

® Secondary insults

® Hypoxia, hypotension, cerebral edema, or anemia may all contrib-
ute to pituitary ischemia.

m Medications used following TBI may also contribute to PTHP by
both direct effects on the hypothalamic/pituitary axis or by direct
effect on the adrenal glands or cortisol metabolism. Those at risk
of PTHP may not be able to compensate for any adrenal insult or
altered cortisol metabolism. Medication effects are usually transient
and reversible. Agents to be aware of include opiate derivatives,
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phenytoin, etomidate, and high-dose pentobarbital and propofol,
all of which can induce acute adrenal insufficiency.

® Note that severe brain injury is not required for the development of
PTHP; several studies have demonstrated hypopituitarism following
moderate TBI, mild TBI, and repetitive mild sports related injury [3].

ASSESSMENT AND MANAGEMENT OF
ENDOCRINE STATUS FOLLOWING TBI

Anterior Pituitary Dysfunction in the
Acute Phase (i.e., Hours to Days Post TBI)

® Adrenocorticotropic hormone (ACTH) deficiency

Glucocorticoid deficiency is potentially life threatening.

Suspicion should be high if any of the following are present: hypoten-
sion despite pressor support, hypoglycemia, or hyponatremia.
Morning serum cortisol <200 nmol/L in a subject in intensive care is
inappropriately low and glucocorticoid replacement is necessary.
Morning serum cortisol between 200 and 500 nmol/L in a subject fol-
lowing TBI must be interpreted in the clinical context. Replacement
should be considered if any of the above features are present.
Confirm the subject has received no exogenous steroids that may
alter the interpretation of serum cortisol results, for example,
dexamethasone.

The synthetic ACTH (Synacthen) test should NOT be used to diag-
nose adrenal insufficiency in the acute phase of TBI as adrenal
atrophy has not yet developed; the diagnosis must be based on the
aforementioned features.

m Assessment of the growth hormone (GH), gonadal, and thyroid axes
are not necessary in the acute phase as there is currently no evidence
to suggest replacement is beneficial.

Posterior Pituitary Dysfunction in the Acute Phase

= Diabetes insipidus (DI)

Due to antidiuretic hormone (ADH) deficiency

Defined by >3 L of dilute urine (urine osmolality <300 mOsm/kg)
in 24 hours and plasma sodium >145 mmol/L

May be transient in this phase of TBI

Urine output >200 mL/hour for 2 consecutive hours may be
suggestive.

Electrolyte abnormalities in this setting may be life threatening.
Adequate fluid replacement and ADH replacement (desmopressin)
may be required and should be adjusted according to hourly urine
output response and plasma sodium.
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= SJADH

m Characterized by euvolemic hyponatraemia in the absence of glu-
cocorticoid deficiency or hypothyroidism.

® Plasma osmolality <270 mOsm/kg, urine osmolality >100 mOsm/
kg, and spot urinary sodium >40 mmol/L.

» Treat with fluid restriction to 500 mL—1.5 L in 24 hours.

® Rarely hypertonic saline infusion may be required. Note that rapid
changes in plasma sodium increase the risk of cerebral pontine
myelinolysis. Aim to correct sodium at a rate less than 0.5 mmol/L/
hour.

m Cerebral salt wasting

m A very rare differential diagnosis for hyponatraemia in the setting
of TBI

m Characterized by hypovolemic hyponatraemia

m Plasma osmolality <270 mOsm/kg, urine osmolality >100 mOsm/
kg, and spot urinary sodium >40 mmol/L, low central venous
pressure/hypotension

m Treat with isotonic saline administration to restore euvolemia. Aim
to correct sodium at a rate less than 0.5 mmol/hour.

Pituitary Hormone Dysfunction in the
Chronic Phase (i.e., >3 Months) After TBI

Screen all patients with moderate (Glasgow Coma Scale; GCS 9-12) and
severe (GCS <8) TBIj; screen subjects with mild TBI (GCS 13-15) if indi-
cated based on clinical symptoms and signs.

® Glucocorticoid deficiency

m Characterized by life threatening adrenal crisis, hypotension,
fatigue, and recurrent infections
» GH deficiency

® Impaired linear growth and abnormal body composition in chil-
dren; in adults reduced lean body mass, decreased exercise capac-
ity, reduced quality of life, impaired cardiac function, and reduced
bone mineral density

® Gonadotropin deficiency

= In males, testosterone deficiency is associated with reduced lean
body mass, bone mineral density, erectile dysfunction, and muscle
weakness. Estrogen deficiency in females leads to amenorrhea and
reduced bone mineral density. Although 1.5% to 41% subjects fol-
lowing TBI will have chronic gonadotropin deficiency, there is no
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available data regarding fertility outcomes. These patients should
be referred to an endocrinologist for fertility assessment.

» Thyroid stimulating hormone (TSH) deficiency
m Lethargy, fatigue, and neuropsychiatric manifestations

m Diabetes Insipidus (DD

® Polyuria, polydipsia, and excess thirst (in those with cognitive
impairment clinicians must rely on urine output and biochemical
markers to suggest this diagnosis)

All of these endocrine abnormalities may have serious adverse impact
on patients with TBI and may impair recovery and rehabilitation.
Untreated hypopituitarism in any population is associated with prema-
ture mortality and increased morbidity.

Subjects with moderate or severe TBI should undergo routine endocrine
evaluation as described below between 3 and 6 months following TBI;
hormone deficiencies should be replaced as appropriate (Figure 49.1).

Synacthen (ACTH stimulation) test—adrenal reserve

Basal free T4 and TSH

Basal estrogen/testosterone and gonadotropins

Serum sodium and clinical assessment of thirst, polyuria (>3 L/24
hours), polydipsia, and nocturia. If abnormal, formal water depriva-
tion testing should be carried out under the guidance of a pituitary
endocrinologist

®» The GH-insulin-like growth factor-1 axis should not be assessed until
at least 1 year post TBI, as changes before this time may be transient
[4]. This requires dynamic stimulation tests and should be performed
in specialist pituitary units. There is some evidence to suggest that GH
replacement may improve quality of life and some metabolic param-
eters in this patient group; however, long-term prospective studies are
lacking. GH replacement may be considered on an individual basis in
conjunction with endocrine specialist advice

CONCLUSION

PTHP is a common, but underdiagnosed, complication of TBI and can
contribute to the morbidity associated with this condition. An increased
level of awareness among all disciplines caring for this patient group is
vital in order to provide appropriate and timely hormone replacement.
Subjects with moderate or severe TBI or those with clinical suggestion
of hypopituitarism should be referred to a pituitary endocrinologist for
evaluation.
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Dysautonomia and
Paroxysmal Autonomic
Instability With Dystonia

Cherina Cyborski

BACKGROUND

= Dysautonomia and paroxysmal autonomic instability with dystonia
(PAID) are terms used interchangeably for traumatic brain injury (TBI)
patients with episodes of autonomic instability. PAID obligates dystonia
as a part of the clinical picture, whereas dysautonomia can be applied
more broadly. See Table 50.1 for proposed diagnostic criteria [1-3].

= Also known as sympathetic/autonomic storming, autonomic dysfunc-
tion syndrome, acute midbrain syndrome, hypothalamic-midbrain
dysregulation syndrome, central fever, hyperpyrexia associated with
muscle contraction, or acute hypothalamic instability

CLASSIFICATION
This varies among authors. Two proposed guidelines (Table 50.1):

m Baguley’s diagnostic criteria for dysautonomia are simultaneous, par-
oxysmal episodes during which five of the seven listed parameters are
met 2 or more weeks post injury [4].

» Blackman’s diagnostic criteria for PAID apply only to patients Rancho Los
Amigos level <IV who have one paroxysm per day for at least 3 days.

® Blackman acknowledges that the syndrome is likely a continuum
and these are restrictive criteria (only 1/3 of the patients in his
database met full criteria) [3].

m Limitations of both: exclude patients who do not meet all of the
criteria.

= Often episodes are triggered by a stimulus such as pain, endotracheal suc-
tion, constipation, urinary retention, and range of motion exercises.

m Cessation of episodes usually correlates with improving neurological
status [5].

330
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Table 50.1 Proposed Diagnostic Criteria

Dysautonomia PAID
Temperature (°C) >39 >38.5
Blood pressure >160 >140
(systolic)
Heart rate >120 >130
(beats/minute)
Respiratory rate >30 >20
(breaths/minute)
Diaphoresis + +
Dystonia + +
Posturing +
Agitation +

= Bottom line: no universal nomenclature or constellation of diagnostic
features are recognized; however, the diagnosis should be considered
in patients who demonstrate the aforementioned features

EPIDEMIOLOGY

Dysautonomia is more commonly seen in TBI patients who have diffuse
axonal injury, cerebral hypoxemia, brainstem lesions, or bilateral dien-
cephalic lesions, and those who are young [1].

INCIDENCE (IN MODERATE TO SEVERE TBI PATIENTS)

® Within the first 7 days post injury, elevated autonomic parameters in
92% (majority with hypertension and tachycardia) [6]

® 24% to 33% have dysautonomic features that are self-limiting and of
short duration [6,7].

m 8% to 11.8% have prolonged and severe dysautonomia [6,8].

= Dysautonomia is seen in 5.3% of rehabilitation admissions [6].

PATHOPHYSIOLOGY
Pathophysiology is unknown. However, there are two theories:

® Paroxysms develop secondary to abnormal afferent stimulus process-
ing [9].

®» Disconnection between the cortex and hypothalamus/brainstem
allows for paroxysms to be actively driven by diencephalic/brainstem
impulses released from cortical control [3,10].
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DIAGNOSIS
Clinical features—described in 3 phases:

m Phase 1—elevated autonomic parameters are indistinguishable
between dysautonomic and non-dysautonomic patients. Retrospectively
identified

m Phase 2—associated with cessation of sedation:

m Initially—frequent, prolonged, and intense episodes of autonomic
instability

= Over time—Episodes become less pronounced and sweating pat-
tern changes (whole body — upper trunk, head, neck) [11]

m Phase 3—marked by the cessation of sweating

® Happens on average of 74 days post injury [1]
m Continued dystonia/spasticity, but diaphoresis is resolved

Dysautonomia is a diagnosis of exclusion. Need to consider/rule out
the following as appropriate: infection (most common cause of hyper-
thermia in TBI patients); seizures; acute hydrocephalus; increased intrac-
ranial pressure; neuroleptic malignant syndrome; serotonin syndrome;
malignant hyperthermia; thyroid storm; venous thromboembolism;
medication reaction; withdrawal from medications, illicit drugs, or alco-
hol; concomitant spinal cord injury — autonomic dysreflexia; and acute
coronary syndrome.

TREATMENT
General Principles

Initiate treatment as early as possible because

= Core temperatures above 38°C to 39°C have produced neuronal death
in animal models.

® An increased catabolic state may lead to loss of body weight.

= Dysautonomia is associated with an increased risk of developing criti-
cal illness polyneuropathy.

m Spasticity/dystonia can lead to contractures, pressure areas, and/or
pain [12].

Environmental Management

m Decrease noxious stimuli: remove cervical collars as soon as possible,
remove indwelling bladder catheters, prevent pressure areas, prevent
constipation, use rubber tubes for suctioning.

®» Minimize noise and activity around the patient.
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Medication Management [10]

First-Line Agents [13]
Caution: all can be sedating, potentially impair cognition, and/or affect
recovery/neuroplasticity.

1. B blockers

® Propranolol: nonselective, B antagonist
m Labetolol: nonselective, f and o1 antagonist

* Both are lipophilic — cross blood brain barrier
¢ Decrease circulating catecholamines, reduce cardiac work and
catabolic drive
¢ Decrease hypertension and hemodynamic abnormalities
* Do not alter diaphoresis (mediated by sympathetic cholinergic
neurons)
2. Gabapentin: exerts effect via voltage-dependent calcium channels [12]

= Controls the autonomic symptoms and the dystonic posturing and
may also be beneficial in treating neuropathic pain
3. Morphine: 1 opioid receptor agonist

m Decreases pain, which is a potential trigger for dysautonomic epi-
sodes [14]
m Treats pulmonary edema and tachypnea, induces bradycardia [2]

Second-Line Agents
4. 02 agonist
» Clonidine: acts centrally and peripherally
e Modulates blood pressure and heart rate (through decreased
plasma catecholamines) but not other aspects of dysautonomia
* Considerations: causes sedation; studies in poststroke patients
show that it impairs neuroplasticity [15]

®» Dexmedetomidine
5. Dopamine agonist

= Bromocriptine: D2 agonist
e One study demonstrated that bromocriptine improved hyper-
thermia and diaphoresis [5]; these results have not been repli-
cated

m Carbi/levodopa [13,14]
6. Direct-acting skeletal muscle relaxant
® Dantrolene: inhibits calcium release in sarcoplasmic reticulum
 Treats extensor posturing/spasticity with minimal effect on other
symptoms
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7. GABA-B agonist

m Oral baclofen: no literature specifically studying use in
dysautonomia

» Intrathecal baclofen pump: in two case series, this approach appeared
promising [16,17]—both spastic tone and dysautonomia improved

8. GABA-A agonists

®» Benzodiazepines: Anecdotal reports favor midazolam and diaz-
epam [13]
e Caution: negative impact on neuroplasticity; causes sedation and
impairs cognitive processing [15]
9. A number of other agents have been tried (e.g., phenytoin, propofol,
and prazosin), but there is insufficient evidence to recommend their
use [13,14]

DURATION OF SYMPTOM PERSISTENCE
(DESPITE MEDICATION USE)

m Study done in intensive care unit (ICU) setting showed 5.01+1.57 dys-
autonomic episodes per day lasting 27.9+11.3 minutes [18]

= Dysautonomia resolves over time: mean duration 2.5 to 5.9 months
post injury [1,19]

® Preliminary evidence suggests that sympathetic overresponsiveness
can be seen years after the injury in response to noxious stimuli [20]

PROGNOSIS

» TBI patients with dysautonomia have [6,13]:

e Worse outcomes as measured by Glasgow Outcome Scale and
Functional Independence Measure, characterized by (1) prolonged
swallowing abnormalities; (2) prolonged posttraumatic amnesia; (3)
longer hospital admissions, ICU stays, and mechanical ventilation
[18]; and (4) greater overall healthcare costs.

» Show similar degrees of functional gain with active rehabilitation as
non-dysautonomic patients [1]

m Patients with dysautonomia are at greater risk for developing hetero-
topic ossification [8].

® In patients in a vegetative state, those with dysautonomia have a
greater likelihood (5x) of remaining in a vegetative state [19].
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Movement Disorders

Cherina Cyborski and Cindy Zadikoff

BACKGROUND

m Definition: A movement disorder is a condition that affects the ability
to generate or control movement.

® Epidemiology: The few published studies on posttraumatic movement
disorders (most of which are in the pediatric population) demonstrate
a wide range of incidence—13% to 66% of severe traumatic brain injury
(TBD patients.

= Pathophysiology:

m Generally characterized by delayed onset, up to years post injury,
which may be due to sprouting, remyelination, ephaptic transmis-
sion, inflammatory changes, oxidative reactions, central synaptic
reorganization, or neurotransmitter sensitivity [1]

m Risk factors:

m Genetic predisposition may contribute to development of posttrau-
matic movement disorders [2].

® General principles of treatment:

= Movement disorders cannot be treated in isolation because other
sequelae of TBI (e.g., balance, cognitive deficits) may be exacer-
bated by usual movement disorder treatments [3].

= Importantly, some movement disorders, such as hemiballism, will
typically resolve spontaneously, so it is important to withdraw med-
ications after several months to determine whether medications are
still necessary.

HYPERKINETIC MOVEMENT DISORDERS

Tremor

Rhythmic, oscillatory movement due to co-contraction of agonist/antago-
nist muscles [4]

» Epidemiology: 10% to 20% of posttraumatic movement disorders [5]
= Subtypes

337
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m Resting—present when body part is inactive

m Postural—present when maintaining body part in an antigravity
position

» Kinetic—-present when moving from one position to another

» Intention—only present when nearing goal of movement (“end-
point tremor”)

m Risk factor: prolonged coma

» Timing: often appears in first weeks after injury when voluntary move-
ment begins to recover, but can develop years after injury [3]

® Exam findings: usually bilateral [6], affects the upper > lower extremi-
ties, and commonly associated with ataxia of the affected limb [2].
Evaluate the limb in different postures; characterize frequency and
amplitude of tremor

» Differential diagnosis: seizure; rigors; tremor due to hyperthyroidism,
hepatic failure, hypercapnia, or medication side effect (e.g., metoclo-
pramide, amiodarone, lithium, typical and atypical neuroleptics or
antipsychotics)

= Treatment:

® Medications—No studies have been done to show efficacy; anec-
dotal literature suggests little benefit with medication use [3].
Primidone, B-blockers (e.g., propanolol), benzodiazepines (e.g.,
clonazepam), antiepileptics (e.g., leviteracetam, gabapentin), anti-
cholinergics, L-dopa/carbidopa, isoniazid, and botulinum toxin
injections have been used.

m Physical modality—Light weights on affected limb to dampen
tremor

m Surgery—Consider 1 year after onset of tremor:

¢ Deep brain stimulation: Posttraumatic tremors respond less pre-
dictably/less effectively than in essential tremor or Parkinson’s
tremor [7]; no consensus as to the best anatomical location for
stimulation

e Stereotactic surgery (e.g., radiofrequency lesioning or y-knife
thalamotomy): radio frequency lesioning in ventrolateral thala-
mus in one study showed improvement in 88% [6] with a decrease
in both kinetic/postural and rest tremor; postoperative increase
in dysarthria and/or gait disturbance in up to 90% immediately
and 63% persistently

® Prognosis: In a small minority, tremor may lessen spontaneously
within 1 year after onset [4]. For the majority, however, refractory
tremor remains a persistent problem [2].

Dystonia

Involuntary, sustained patterned muscle contraction of opposing muscles
resulting in repetitive twisting movements or abnormal postures; can be
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present with spasticity and rigidity and is usually exacerbated or elicited
by voluntary activity.

» Epidemiology: 4.8% to 16% of posttraumatic movement disorders,
probably underreported [5]

= More common in men

m Subtypes: focal, segmental, generalized, hemidystonia [8]

m Risk factors: younger age at time of trauma (first 2 decades of life) [9]
and severe TBI. Frequently preceded by, or associated with, ipsilateral
hemiparesis [2]

= Timing: onset likely to be delayed (1 month to 9 years), mean latency
=20 months [8]. Initially slow progression with spread over months to
years followed by eventual stabilization

= Exam findings: may be present at rest but usually exacerbated with
voluntary movement. Characterized by maintaining the affected body
part in an involuntary sustained contraction

m Differential diagnosis [3]: Evaluate for muscular, joint, or bone inju-
ries causing abnormal posturing and evaluate for ocular or vestibular
abnormalities that lead to head or trunk tilt. Rule out toxic or metabolic
conditions (e.g., Wilson’s disease) if uncertain etiologic link to TBI.

= Treatment:

m Medications [3]: variably effective

e Anticholinergics (e.g., trihexyphenidyl)—better tolerated in
pediatric population

e Tetrabenazine—major side effects include sedation, parkin-
sonism, and depression

¢ Neuroleptics—often effective but may interfere with brain plastic-
ity/recovery in TBI patients and carry long-term risk of tardive
dyskinesias (should be avoided in TBD

¢ Antiepileptics (gabapentin, carbamazepine)—not usually effec-
tive but often tried

¢ Benzodiazepine—may be useful as adjuvant, ineffective as sole
agent; sedation often is rate limiting step; may interfere with neu-
ral plasticity/recovery in TBI

* Botulinum toxin injections—for focal (not generalized) dystonia:
has the advantage of fewer systemic side effects

¢ Oral baclofen—sedation often a limiting factor

» Physical modality: range of motion to prevent contractures
® Surgery
e Intrathecal baclofen pump—recommended for generalized dysto-
nia associated with significant spasticity, not usually beneficial for
isolated dystonia. Response to oral baclofen does not necessarily
predict response to intrathecal baclofen
¢ Functional stereotactic surgery—Iless effective for secondary
dystonia (e.g., due to TBID) than for primary
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* Deep brain stimulation—for generalized, focal segmental, and
hemidystonia. Long-term follow-up is limited

¢ Thalamic radiofrequency lesioning (pallidotomy)—improvements
may take up to months postoperatively

® Prognosis: spontaneous remission is unlikely

Myoclonus

Myoclonus is a sudden, brief, shock-like arrhythmic involuntary move-
ment resulting from paroxysmal aberrant depolarization of individual
or small groups of cortical motor neurons. Any disease process that
causes cortical irritability can produce myoclonus; once the cortical
irritability resolves, over weeks to months, myoclonus can also sub-
side [3]

= Epidemiology: 0.5% of posttraumatic movement disorders [5]

= Subtypes [3]: focal, multifocal, subcortical, generalized

®» Exam findings: Myoclonus is often stimulus induced (e.g., pro-
voked by sudden loud noise). Look for segmental versus generalized
presentation

» Differential diagnosis [3]: metabolic causes such as renal or hepatic fail-
ure or electrolyte shifts during hemodialysis; medications and toxins
such as lithium, bismuth, propofol, antiepileptic mediations, seroton-
ergic medications (including trazodone, buspirone, selective serotonin
reuptake inhibitor [SSRIs]). Consider obtaining a brain magnetic reso-
nance imaging and/or performing lumbar puncture to asses for new
central nervous system (CNS) lesion/infection; consider obtaining an
electroencephalogram to rule out myoclonic seizures.

= Treatment: medications (no evidence in literature): valproic acid, clon-
azepam, leviteracetam, tryptophan

Tics

Tics are semivoluntary repetitive simple or complex movements or vocal-
izations with associated premonitory urge to make movement or sound
as well as relief associated with making movement/sound.

m Epidemiology: 0.9% of posttraumatic movement disorders [5]. Of six
reported cases, all were male, mean age of 28 years, mild to moderate
TBI in five, preceded by pain in the affected body part [10].

m Differential diagnosis: Rule out idiopathic tic disorder such as Tourette’s
syndrome.

m Treatment: Low-dose dopamine agonists, SSRIs, clonidine, neurolep-
tics (e.g., pimozide), CNS sedating agents, and dopa agonists should
be avoided in TBI patients.
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Other Hyperkinetic Movement Disorders

m Athetosis: slower phasic writhing of proximal extremities, “snake-
like”

® Chorea: rapid unpredictable flowing, dance-like movements, predomi-
nantly in distal limbs, rarely can be associated with epidural or sub-
dural hematomas

m Ballism: continuous, non-patterned purposeless movement; mostly
involves proximal limbs. Can be forceful and of high amplitude and
may be delayed in onset by weeks to months

Treatment
Treatment is as in dystonia except for the following:

m Chorea: consider amantadine. Deep brain stimulation and botulinum
toxin injections are not recommended.

» Hemiballism: responsive to intrathecal baclofen in a single case
report [11]

HYPOKINETIC MOVEMENT DISORDERS
Parkinsonism

This is characterized by bradykinesia, rigidity, resting tremor, and pos-
tural instability. It may occur in TBI due to injury to the substantia nigra.
Lewy bodies, found in idiopathic Parkinson’s disease, are not found in
posttraumatic parkinsonism.

= Epidemiology: 0.9% of posttraumatic movement disorders [5]

m Risk factors: Studies have found that those with Parkinson’s disease
have a higher frequency of remote TBI; however, head trauma may
result from, but not be a cause of, parkinsonism [1].

®» Timing: Onset is typically within months after injury. TBI can also
exacerbate parkinsonism transiently in those with Parkinson’s disease
without increasing/accelerating disability [2].

= Treatment:

m Medications—similar to that for idiopathic Parkinson’s disease,
with dopaminergic medications including carbidopa-levodopa
and dopamine agonists being the mainstay; however, less predict-
able response for posttraumatic parkinsonism than in idiopathic
Parkinson’s disease

Repeated Head Trauma

m That is, pugilistic parkinsonism or punch drunk syndrome: see
Chapter 13
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OTHER MOVEMENT DISORDERS

m Stereotypy: involuntary, patterned movement (e.g., self-caressing);
0.9% of posttraumatic movement disorders [5]

m Hyperekplexia: exaggerated startle response; 0.5% of posttraumatic
movement disorders [5]

m Akathisia: inner sense of restlessness; 0.9% of posttraumatic move-
ment disorder

m Very difficult to treat. May respond to amantadine or propranolol
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Spasticity in
Traumatic Brain Injury

Bamidele Adeyemo, John Lowry, and Ross Zafonte

BACKGROUND
Definition

Spasticity is a neuromuscular phenomenon manifested in patients with
upper motor neuron syndrome, characterized by a velocity-dependent
muscular resistance to passive joint range of motion (ROM) [1,2].

Pathophysiology

Spasticity refers to increased muscular tone that results from the disrup-
tion of exigent descending inhibitory modulation of o motor neurons.
It results from aberrant neuronal pathway input from y afferent motor
neurons, reticulospinal and vestibulospinal input combined with exacer-
bations from irritant noxious stimuli [3]. Common precipitants of exacer-
bations in spastic tone include urinary tract infection, decubitus ulcers,
fractures, ingrown toe nails, heterotopic ossification, catheter kinking
and dislodgement, restrictive clothing, stool impaction, nephrolithiasis,
or sources of physiologic or emotional stress [2,4].

ASSESSMENT

Clinical Manifestations

The sequelae of spasticity are grossly classified into beneficial and delete-
rious effects. The beneficial aspects of spasticity are the inadvertent func-
tional and medical advantages conferred by the presence of increased
tone: (1) facilitation of ambulation, standing, and transfers; (2) mainte-
nance of muscle bulk; (3) promotion of venous return; (4) diminishment
of deep venous thrombosis risk; (5) diminution of orthostatic hypoten-
sion; (6) prevention of osteoporosis; and (7) decrement of pressure ulcer
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formation. Conversely, the deleterious sequelae of spasticity include (1)
pain, (2) immobility, (3) contractures, (4) increased energy expenditure,
(5) muscle spasm, (6) fracture, (7) increased risk of heterotopic ossifica-
tion, (8) joint subluxation or dislocation, (9) insomnia, and (10) interfer-
ence in nursing care and hygiene [1-5].

Physical Examination

Spasticity is elicited by performing a passive motion maneuver across a
joint on the affected limb: this motion induces an involuntary velocity-
dependent activation of the stretch response. Occasionally, one may also
see other corroborating signs such as the Westphal phenomenon, which
is a passively activated stretched muscle response while in its shortened
state. Passive stretch may also trigger “spasms” (or involuntary contrac-
tions) of agonist-antagonist groups, neighboring limb, girdle, and/or
trunk muscles [5].

Assessment Scales

One of the first clinical scales employed to evaluate spasticity is the 1964
Ashworth Scale, modified by Bohannon and Smith in 1967 [5].
The Modified Ashworth Scale (MAS) is characterized as follows:

® 0: No increase in muscle tone with ROM

m 1: Slight increase in tone with or without a catch and release at the
end of ROM

1+: Slight increase in muscle tone followed by slight resistance in the
remainder of ROM

2: More marked increase in muscle tone through most of ROM

3: Considerable increase in tone, passive movement

4: Affected parts rigid in flexion or extension

The MAS is frequently criticized for its limited precision in detecting
subtle effects of antispasmodic medications. A more practical validated
assessment technique is to quantify the specific condition being treated,
for example, pain, function, ambulation distance, gait analysis, or per-
formance tests of the involved extremity [5].

Considerations

Indications for treatment of spasticity can be delineated via three cat-
egories [4]:

1. Patient-focused: The most discernable patient treatment marker is
pain. Painful spasticity may impact adequate sleep, tranquility, and
quality of life.
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2. Medical and nursing management: Adequate spasticity control is
essential in provision of nursing care, hygiene, pressure ulcer man-
agement, and seating positioning.

3. Function: Spasticity control can often improve gait, transfers, and
self-care activities.

TREATMENT
Goal

Spasticity abolishment is often undesirable, as spasticity occasionally
facilitates function. Therefore, the goal of treatment should be directed
at the minimization of spasticity only as it relates to functional or symp-
tomatic impairment. One should begin treatment by removing noxious
stimuli, followed by minimally invasive interventions.

Nonpharmacologic Management

Positioning

The first step in managing spasticity is the maintenance of proper posi-
tioning. This may be implemented by piloting each limb through its full
ROM multiple times a day. The maintenance of position may be further
augmented with casting and splinting [5].

Physiotherapy and Modalities

Physiotherapy techniques (such as the Bobath and Brunnstrom pro-
grams) and modalities (such as cryotherapy) have been documented to
be effective in spasticity management. In particular, a 15 to 20 minute
application of cryotherapy to spastic muscles has been shown to enact a
35-degree improvement in ROM. Other modalities that may be employed
for spasticity management include local heat, ultrasound, transcutaneous
electrical nerve stimulation, electromyographic biofeedback, vibration,
and feedback of tonic stretch reflex. Any modality should be used with
caution, as traumatic brain injury (TBI) patients may have insensate der-
matomes and/or impaired communication, which may limit the patient’s
ability to detect/communicate adverse effects of treatment [4,5].

Pharmacologic Management

Oral medications are frequently employed in the management of spas-
ticity. Consideration of side effect profiles is the largest determinant of
selection of an antispasmodic agent. Initiate any new medication slowly,
followed by gentle dose escalation. Though often prescribed, the evi-
dence for the efficacy of oral antispasmodics has not been well substanti-
ated [3,5]. A description of commonly used antispasmodics follows:
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Baclofen

This is the most frequently utilized oral antispasmodic agent [3]. It is an
inhibitory GABA-B receptor agonist which presynaptically inhibits the
release of excitatory neurotransmitters.

® Dosing: Start 5 mg two to three times a day and increase dose by 5 mg
every 3 to 5 days. Max dose: 80 mg/day

m Side effects: hallucinations, convulsions, rigidity, lowered seizure
threshold, and severe withdrawal syndrome (aka baclofen withdrawal
syndrome) [3,5].

m Considerations: in widespread use despite paucity of evidence of effi-
cacy [5].

Tizanidine
a2 adrenergic receptor agonist that targets supraspinal and spinal recep-
tors [3,6].

® Dosing: Start 2 to 4 mg/day and increase to 8 mg three times a day;
max dose: 36 mg/day

= Side effects: mirrors baclofen in most of its side effects, with sedation
and asthenia being its most common dose-limiting adverse effect [3].
Note, however, that weakness is less frequently reported in compari-
son to baclofen and diazepam [6].

m Considerations: Studies have failed to demonstrate functional improve-
ment [6].

Diazepam

This is the first antispasmodic agent described for the management of
spasticity. It stimulates GABA-A neurotransmission resulting in presyn-
aptic inhibition of stretch reflexes [6].

® Dosing: Start 2 mg twice a day; max dose: 60 mg/day; duration: long
half-life at approximately 30 hours

= Side effects: cognitive diminution, sedation, drowsiness, memory and
attention impairment, tolerance, dependence, weakness, and motor
incoordination [0]

» Considerations: exacerbation of cognitive impairment and potential
impediment of neurorecovery limit the recommendation of diazepam
for the TBI population

Dantrolene

This is unique as an antispasmodic agent because it is peripherally acting.
It inhibits calcium ion release from the muscular sarcoplasmic reticulum
[3]. While this circumvents cognitive adverse effects of antispasmod-
ics, dantrolene will nonspecifically weaken affected and nonaffected
muscles alike.
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® Dosing: Start 25 mg/day; max dose 400 mg/day; monitor liver
function

m Side effects: gastrointestinal intolerance, sedation, and hepatotoxicity
[3,0]

m Efficacy has been proven in placebo studies, but data supporting func-
tional improvement is lacking [6].

Other less commonly used antispasmodic agents (e.g., clonazepam,
ketazolam, tetrazepam, progabide, gabapentin, piracetam, clonidine,
etc.) [2,3,0] are beyond the scope of this chapter. Please see the noted
references for a more detailed discussion of these agents.

Interventional Approaches

Botulinum Toxin Injection

Botulinum toxin injection (BTD) is a common technique FDA-approved
for the management of upper limb spasticity after stroke. Botulinum
toxin is produced by Clostridium botulinum bacterium and acts at the
neuromuscular junction to inhibit acetylcholine release [2,4,5,7]. Of the
seven antigenically distinct serotypes of botulinum toxin, only serotypes
A and B are available for commercial use [4]. Both serotypes have dem-
onstrated efficacy for spasticity [7,8]. Serotype A is used more frequently,
while serotype B is typically used for spasticity cases recalcitrant to sero-
type A [8]. An advantage of BTI in comparison with oral medications is
its circumvention of systemic effects. Application requires identification
of the muscle of interest followed by injection of the toxin solution. The
onset of action is 1 to 3 days with a maximum effect in a few weeks and
a duration of effect of 1 to 6 months [2,4]. The duration or magnitude of
effect may decay with repeated applications due to antibody-mediated
resistance [4,5].

The benefits of BTI effect may be enhanced by physiotherapy, splint-
ing, or electrical stimulation [5]. Adverse effects include localized reac-
tion, bleeding, infection, nerve trauma, and cervical dysphagia (rarely
associated with cervical injection) [2,4]. Additional considerations include
cost, transient nature of effect/necessity for repeated injections, and the
paucity of evidence for functional efficacy [2-5]. Given its relative safety,
and lack of systemic effects, botulinum offers “one of the most useful
advances in the management of spasticity in recent years” [5].

Nerve Block

Nerve blocks ablate the culminant neurological input responsible for the
spastic activity [4]. Temporary blocks may be effectuated using bupivo-
caine or lidocaine, while sustained blocks may be implemented using
lytic agents such as phenol or ethanol [2,4,5]. Nerves are identified pre-
procedurally using a variable intensity stimulator [4,5]. The duration of
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effect is between 3 and 9 months [4]. Adverse effects include weakness,
sensitivity, injection site pain, phlebitis, central nervous system or car-
diovascular compromise (rarely), phenol nerve fibrosis (which poten-
tially adulterates anatomy for repeat injections), and (most distressing)
dyesthesias [2,4]. Dyesthesias may also exacerbate spasticity; therefore,
one should decrease this risk by limiting blockade to motor-only nerve
branches [5].

Intrathecal Baclofen Pump

Intrathecal baclofen delivery can be an effective technique for manag-
ing spasticity recalcitrant to an oral regimen, or when adverse effects
make use of oral agents untenable. A 50 pg test dose is typically
administered via lumbar puncture or temporary catheter [4]. If effica-
cious, a subcutaneous medication pump is subsequently implanted
[4]. Risks of use include infection, pump failure, nausea, sedation,
hypotension, weakness, respiratory depression, and development of
tolerance [2-5]. Catheter breakage or kinking can precipitate abrupt
baclofen withdrawal syndrome, which can be life threatening. In
select cases, intrathecal morphine and clonidine may be used as alter-
nate agents [5].

Surgical Treatment

Permanent orthopedic and neurosurgical procedures are usually the last
resort in tone management [4]. They include neurotomy, rhizotomy, dor-
sal root entry zone—otomy (DREZ-otomy), cordotomy, neurectomy, split
tibialis transfer (SPLATT) procedure, tendon lengthening, and muscle
tenotomies and transposition [2,4,5].
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Mood Disorders

Ricardo E. Jorge

GENERAL PRINCIPLES
Background

Mood disorders occur in the context of profound changes in cognitive
and emotional processing following traumatic brain injury (TBI). Recent
studies have described the detrimental effect of traumatic prefrontal
injury on patients’ performance in social cognition as well as in the
identification and modulation of emotions [1]. These changes may result
in poorly integrated self-representations and dysfunctional interper-
sonal relationships, increasing patients’ vulnerability to develop affec-
tive disorders.

Epidemiology

Neuropsychiatric illness is a highly prevalent complication of TBI, with
a published incidence of 49% following moderate to severe TBI and 34%
following mild TBI [2]. Approximately half of TBI patients will develop
some sort of mood disorder during the first year after a TBI [3-5].

Classification

Following the Diagnostic and Statistical Manual of Mental Disorders
(DSM-1V) diagnostic nomenclature, mood disorders associated with TBI
are categorized as mood disorder due to TBI with subtypes of (1) with
major depressive-like episode (f the full criteria for a major depressive
episode are met), (2) with depressive features (prominent depressed
mood but full criteria for a major depressive episode are not met); or (3)
with manic or with mixed features.

Pathophysiology

The changes in neuronal circuitry seen in TBI may constitute the neuro-
logical substrate of cognitive and behavioral deficits that are frequently
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seen following injury. Mood disorders may result from deactivation of
lateral and dorsal frontal cortex and increased activation in ventral lim-
bic and paralimbic structures including the prelimbic cortex and the
amygdala [6,7]. High levels of amygdala activation may be associated
with an increased prevalence of anxiety symptoms and negative affect.
Moreover, faulty prefrontal modulation of medial limbic structures could
explain the impulsive and aggressive behavior frequently observed in
these patients [8].

ASSESSMENT
Risk Factors

® Genetic polymorphisms modulating central dopaminergic pathways
can affect prefrontal function following TBI. However, a recent study
failed to demonstrate an association between 5-HTT polymorphisms
and depression following TBI [9].

m Personal history of mood and anxiety disorders, and previous poor
social functioning are associated with the occurrence of major depres-
sion in the aftermath of TBI [3,10].

m A history of alcohol misuse increases the risk of developing a mood
disorder during the first year post TBI. It is plausible that alcohol toxic-
ity and TBI interact to produce more severe structural brain damage
and more profound changes in the ascending aminergic pathways that
modulate reward, mood, and executive function [11].

Clinical Presentation and Symptoms

Mood disorders due to TBI are frequently associated with other
behavioral disorders. For instance, anxiety disorders coexist with
mood disturbance in up to two-thirds of the cases. In addition, clini-
cally significant aggression and alcohol misuse coexist in approxi-
mately half of the patients who develop a mood disorder following
TBI [11,12].

Differential Diagnosis

m The differential diagnosis of post-TBI major depression includes adjust-
ment disorder with depressed and/or anxious mood, apathy, and emo-
tional lability or pathological laughter and crying (PLOC).

m Patients with adjustment disorders develop short-lived and rela-
tively mild emotional disturbances within 3 months of a stressful
life event. Although they may present with depressive symptoms,
they do not meet DSM-IV criteria for major depression.
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m PLC is characterized by the presence of sudden and uncontrollable
affective outbursts (e.g., crying or laughing), which may be con-
gruent or incongruent with the patient’s mood. These emotional
displays are recognized by the patient as being excessive to the
underlying mood and can occur spontaneously or may be triggered
by minor stimuli. This condition lacks the pervasive alteration of
mood, as well as the specific vegetative symptoms associated with
a major depressive episode.

® Apathetic syndromes—A recent study of TBI patients referred to a neu-
ropsychiatric clinic because of behavioral disturbance showed that 71%
were apathetic. 85% of these apathetic patients were also depressed
[13]. Apathy is frequently associated with psychomotor retardation and
emotional blunting.

m A diagnosis of mood disorder with manic or mixed features should
not be made if the mood disturbance occurs only during the course of
agitation or delirium. The latter is characterized by sudden onset, fluc-
tuating level of consciousness, disorientation, and prominent attention
deficits. The differential diagnosis includes the following:

» Substance-induced mood disorder—This may occur as a result of
intoxication or withdrawal from drugs. It is usually identified by a
careful clinical interview and/or toxicological screening.

m Psychosis associated with epilepsy—This may be observed in
patients with epileptic foci located in limbic or paralimbic cortices.
Psychotic episodes may be temporally linked to seizures or may
have a more prolonged interictal course. In the latter case, the
clinical picture is characterized by the presence of partial and/or
complex-partial seizures, and of a schizoaffective syndrome. EEG
and functional neuroimaging studies (e.g., SPECT and PET) will
usually define ictal and interictal disturbances.

m Personality change due to TBI—This may include mood instabil-
ity, disinhibited behavior, and hypersexuality. These patients lack,
however, the pervasive alteration of mood that characterizes sec-
ondary manic syndromes.

TREATMENT
Guiding Principles

Patients with brain injury are more sensitive to the side effects of medica-
tions, especially psychotropic drugs. Doses of psychotropic drugs must
be prudently increased, minimizing side effects (i.e., start low, go slow).
However, the patient must receive an adequate therapeutic trial with
regard to dosage and duration of treatment. Brain-injured patients must
be frequently reassessed to determine changes in treatment schedules.
Special care must be taken in monitoring drug interactions. Finally, if
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there is evidence of a partial response to a specific medication, aug-
mentation therapy may be warranted, depending upon the augmenting
drug’s mechanism of action and potential side effects [15].

Treatment of mood disorders occurring after TBI involves different
pharmacological and nonpharmacological strategies. Unfortunately,
there is a lack of evidence-based scientific foundation to provide a solid
basis for neuropsychiatric treatment. Selection among competing antide-
pressants is usually guided by their side effect profiles. Mild anticholin-
ergic activity, minimal lowering of seizure threshold, and low sedative
effects are the most important factors to be considered in the choice of
an antidepressant drug in this population.

Specific Recommendations for Treating Depression

» Tricyclic antidepressants (TCAs) such as desipramine may be effec-
tive for treating depression in patients with severe TBI [16]. TCAs
with significant anticholinergic effects (e.g., amitriptyline) should be
avoided, however.

m Selective serotonin reuptake inhibitors:

m Sertraline—A small study in patients with mild TBI showed statisti-
cally significant improvement in psychological distress, anger, and
aggression as well as in the severity of postconcussive symptoms
[17]. Sertraline may also lead to a beneficial effect on cognitive
functioning [18].

m Citalopram—A recent study suggested that citalopram may be
effective in treating major depression occurring in the setting of
TBI [19].

Specific Recommendations for Treating Manic Syndromes

There have been no systematic studies of the treatment of manic
syndromes.

Lithium, carbamazepine, and valproate therapies have been reported
to be efficacious in individual cases [15]. It has been proposed that both
lithium and valproate have neuroprotective effects, which would certainly
constitute an important therapeutic effect among brain-injured popula-
tions [20]. However, data from the only controlled trial of valproate in TBI
fail to identify a beneficial effect on cognitive and functional outcomes
[21]. The role of other anticonvulsants such as lamotrigine or topiramate
as mood stabilizers has not been tested in TBI populations. A recent case
report, however, reported adequate control of problematic behaviors
with lamotrigine treatment [22]. In addition, there have been recent brief
reports that suggest a beneficial effect of quetiapine on aggression and
mania following TBI [23,24].
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Sleep Disturbances

Felise S. Zollman and Eric B. Larson

BACKGROUND
What Is a Sleep Disturbance?

®» Dyssomnias—disorders that result in insomnia (e.g., sleep apnea)

®m Parasomnias—disorders of arousal or sleep stage transition (e.g.,
nightmares, sleep-walking)

m Sleep disorders caused by medical or psychiatric illness (e.g., traumatic
brain injury (TBI), stroke, depression, chronic pain)

The focus of this chapter will be on the most common type of post-TBI
sleep disturbance—insomnia. Another common problem often associated
with sleep disturbances, fatigue, is addressed in Chapter 14. Although
some authors have proposed an association between TBI and other sleep
disorders such as sleep apnea, periodic limb movements, and narcolepsy,
it is not clear to what extent these conditions may have been present prior
to (and perhaps even contributed to the occurrence of) TBI [1]. Detailed
discussion of these conditions is beyond the scope of this chapter.

Sleep Architecture

m Five stages—stages I to IV and rapid eye movement (REM) sleep

= Non-REM sleep—stages I to IV. Stage I is lightest; Stage IV is deep
sleep.

m REM sleep—approximately 20% to 25% of total sleep time. During
REM sleep, the brain exhibits heightened activity. This is associated
with dreaming and with actively maintaining an atonic state, which is
mediated by signaling between the pons and the medulla.

Neurophysiology of Sleep and Wakefulness

m Sleep and wakefulness is regulated by interaction between the ven-
trolateral preoptic nucleus (VLPO) of the hypothalamus and arousal
centers in the hypothalamus and brainstem.
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m Melatonin-producing cells in the suprachiasmatic nucleus (SCN) of the
hypothalamus induce sleep and regulate circadian rhythms.

® Serotonin and norepinephrine pathways promote wakefulness and are
thought to play a role in regulating the stages of non-REM sleep.

= Acetylcholine helps maintain arousal and plays a role in REM sleep.

Neuropharmacology and Sleep

» Stimulants (e.g., catecholaminergic medications like methylphenidate)
increase wakefulness and decrease REM sleep.

m Caffeine shortens REM latency and decreases non-REM sleep time.

® Antihistamines (e.g., diphenhydramine) increase non-REM sleep via
blocking a descending activating histaminergic pathway from the
hypothalamus to the tegmentum.

» GABA-ergic drugs (e.g., benzodiazepines) decrease time to sleep onset
and increase total sleep time, but this is at the expense of deep (Stage
III-IV) sleep and perhaps also REM sleep.

® Melatonin agonists (e.g., ramelteon) decrease sleep onset latency and
regulate circadian rhythms.

INSOMNIA
Definition

Insomnia can be clinically defined as the occurrence of trouble sleeping
characterized by difficulty falling asleep (i.e., requiring more than 30
minutes to get to sleep), and/or difficulty maintaining sleep (i.e., more
than 30 minutes of nocturnal awakening), which occurs at least 3 nights
per week, and results in impairment in daytime functioning [2].

Epidemiology

The widely accepted prevalence figure for insomnia in the general popu-
lation is 30%.

Diagnosis [2]

® Subjective means include self-report and clinician rating scales such
as the Insomnia Severity Index, the Epworth Sleepiness Scale, or the
Pittsburgh Sleep Quality Index.

= Objective means of quantifying sleep or insomnia include sleep logs
(for inpatients), actigraphy, and polysomnograpy (PSG).

m Sleep log—typically completed by a nurse on an inpatient unit.
Patient is briefly observed on an hourly basis and notation of sleep
versus wake status is noted for each hour. Drawback—report is
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typically based observations of 5 minutes or less per hour. Such a
limited sample can result in inaccurate data.

m Actigraphy—uses a small motion-sensing device; activity level is
sampled every tenth of a second and aggregated at a constant inter-
val referred to as an epoch. A computerized algorithm translates this
data into a representation of time awake versus asleep. Drawback—
accurate measurement requires (1) that the device be worn continu-
ously during the period of interest and (2) that the individual have
little or no motor impairment, the presence of which can compro-
mise accurate reading of movement as a surrogate for awake time.

®» PSG—gold standard for measurement of sleep. PSG monitors many
body functions through electroencephalogram (EEG), electro-oc-
ulogram (EOG), electromyogram (EMG), and electrocardiogram
(ECG) during sleep. Drawback—because of the complexity of the
equipment required, PSG is costly, labor intensive, and not conve-
nient for routine use.

INSOMNIA AND TBI

= Insomnia may occur immediately following injury and may continue
for several years thereafter.

® Incidence is reported to be 36% to 81% [3-7]. The wide variability is in
part due to variability in operational definitions of insomnia and due
to challenges in accurately applying assessment technology.

Mechanism

® Acutely, insomnia results from diffuse disruption of cerebral func-
tioning because of both direct physical damage to deep brain struc-
tures (including the hypothalamus and/or brainstem) and because
of secondary neuropathological events, which may cause damage
because of cerebral pathways essential for the maintenance of normal
sleep architecture.

m Melatonin deficiency also appears to play a role, having been demon-
strated in TBI patients in the ICU setting [8]. This observation raises
the prospect that use of a melatonin agonist may be of specific benefit
in this population.

m Chronically, behavioral and affective factors also come into play.

Clinical Presentation

TBI patients present with a variety of symptoms which may be a direct
result of their injury or may be secondary to insomnia, including [5]:

m Fatigue
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m Irritability
m Cognitive deficits
= Pain

The significant overlap between symptoms that may be due to TBI and
those which may be due to insomnia makes the accurate diagnosis of
insomnia in the setting of TBI challenging.

MANAGEMENT OF INSOMNIA IN TBI
Behavioral and Environmental Interventions

Sleep hygiene practices and environmental modifications that encourage
sleep should be implemented early in the course of treatment:

® Time of awakening—Waking up at the same time each morning regard-
less of the time one goes to sleep helps maintain consistent circadian
rhythms.

m Caffeine, alcohol, or nicotine use—Each of these substances interferes
with normal sleep architecture and should be avoided. For regular caf-
feine users, recommend cutting back on daily intake and not having
any caffeine past noontime.

» Environmental factors—Advise turning off lights and minimizing
noise or other distractors (e.g., late night activity in an inpatient unit,
a TV left on overnight).

m Regular exercise—Exercise may benefit sleep via anxiolytic and anti-
depressant effects, circadian phase-shifting effects, and elevating lev-
els of adenosine [9].

Stimulus control, reducing practices that condition a patient to asso-
ciate the bed with wakefulness, should also be encouraged early in
treatment:

® Limit time in bed for waking daytime activities—As much as possible,
when patients are active and awake (e.g., watching TV), they should
be out of bed.

® Limit time in bed at night when unable to sleep—If it is safe to do so,
patients who can not sleep within 15 minutes of bedtime should be
encouraged to get out of bed and find another place to engage in relax-
ing activities (e.g., reading) until they become drowsy.

Pharmacological Treatment Options [10]

m Melatonin agonists (e.g., ramelteon)—decrease sleep latency and mod-
estly improve total sleep time. Ramelteon should be a first line consid-
eration in TBI because of its excellent side-effect profile.
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®» Benzodiazepines—mainstay treatment for insomnia in the general
population. Approved for short-term use—not as a chronic treatment
intervention. Benzodiazepines bind nonselectively to the GABA(A)
receptor subtype, potentiating the inhibitory effect of GABA in the
central nervous system (CNS). In those with TBI, benzodiazepine
use is associated with contemporaneous impairment in cognitive
function as well as impaired CNS recovery due to inhibition of neu-
ral plasticity. In the general population, chronic use has resulted in
impairment in memory and learning—likely at least in part due to
interfering with long-term potentiation—even after months of absti-
nence. For these reasons, the use of benzodiazepines in those with
TBI is discouraged.

m Atypical GABA agonists (e.g., zolpidem)—selective for the GABA(A)
receptor 1 subtype. Generally have fewer cognitive side-effects and
shorter half-life than benzodiazepines; however, studies in normals
have shown that this class of agent impairs short-term memory and
psychomotor speed immediately after administration and in some
cases for as long as 24 hours afterward. There is limited data avail-
able to assess to effect of these agents in those with neurological
impairment; however, given the demonstrated adverse effects in nor-
mals, and the likelihood that these effects would be magnified in
those with TBI, these agents should be used with caution in the TBI
population.

= Antidepressants:

» Those with significant anticholinergic side-effects (e.g., amitrip-
tyline) are generally to be avoided in patients with TBI because of
the risk of exacerbating cognitive impairment, daytime “hangover”
effect, orthostatic hypotension, and urinary retention.

m Selective serotonin reuptake inhibitors may be effective if insomnia
is felt to be primarily due to depression.

m Trazodone is a triazolopyridine derivative that is approved by the
Food and Drug Administration as an antidepressant but that is also
used off-label for treatment of insomnia. Trazodone is frequently
used to treat insomnia in those with TBI, although no studies have
been conducted to assess the effect of this agent on cognition in
patients with neurological impairment. Trazodone is typically used
in a dosage range from 50 to 200 mg nightly. Some studies of gen-
eral populations have suggested that doses of 100 mg or more may
result in modest cognitive impairment.

» Antihistamines (e.g., diphenhydramine)—generally not used in those
with TBI because anticholinergic effects can cause CNS impairment,
urinary retention, and orthostatic dizziness [7].
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» Herbal supplements, including melatonin and valerian root can be
considered:

® The usual over-the-counter melatonin formulation comes in a 3 mg
tablet, although at least one study has shown that one-tenth that
dose, or 0.3 mg, may be optimally effective [11]. Higher doses may
be associated with some degree of hypothermia, although the clini-
cal implication of this is uncertain.

m Data supporting the efficacy of valerian root has been inconsistent
[12]; however, it generally has a favorable side-effect profile and so
may be an appropriate consideration in some cases.

COMPLEMENTARY AND
ALTERNATIVE MEDICINE OPTIONS

A recently published study addressing the use of acupuncture to treat
insomnia in patients with TBI suggests that this modality is well toler-
ated, may have equal efficacy to medication use without introducing
untoward CNS side effects, and may result in improvement in mood
and cognitive function. [13] This may be a promising area for continued
future exploration.

ADDITIONAL READING

Electronic Reference
http://www.craighospital.org/tbi/TBI_Sleep_LP.pdf

Textbook/Chapter

Thaxton LL, Patel AR. Sleep disturbances: epidemiology, assessment and treat-
ment. In: Zasler N, Katz D, Zafonte R, eds. Brain Injury Medicine: Principles
and Practice. New York, NY: Demos Medical Publishing;2006:557-576.

Journal Articles

Larson EB, Zollman FS. The effect of sleep medications on cognitive recovery
from traumatic brain injury. J Head Trauma Rebabil. 2010;25(1):61-67.

Thaxton LL, Myers MA. Sleep disturbances and their management in patients
with brain injury. J Head Trauma Rebabil. 2002;17(4):335-348.

REFERENCES

1. Orff HJ, Ayalon L, Drummond SP. Traumatic brain injury and sleep
disturbance: a review of current research. J Head Trauma Rebabil.
2010;24(3):155-165.

2. Zollman FS, Cyborski C, Duraski SA. Actigraphy for assessment of sleep in
traumatic brain injury: case series, review of the literature and proposed
criteria for use. Brain Inj. 2010;24(5):748-754.



10.

11.

12.

13.

Sleep Disturbances 363

Ouellet MC, Beaulieu-Bonneau S, Morin CM. Insomnia in patients with
traumatic brain injury: frequency, characteristics, and risk factors. J Head
Trauma Rebabil. 2006;21(3):199-212.

Rao V, Rollings P. Sleep Disturbances Following Traumatic Brain Injury.
Curr Treat Options Neurol. 2002;4(1):77-87.

Ouellet MC, Morin CM. Subjective and objective measures of insomnia
in the context of traumatic brain injury: a preliminary study. Sleep Med.
2006;7(6):486-497.

Mahmood O, Rapport 1J, Hanks RA, Fichtenberg NL. Neuropsychological
performance and sleep disturbance following traumatic brain injury. J Head
Trauma Rebhabil. 2004;19(5):378-390.

Thaxton L, Myers MA. Sleep disturbances and their management in patients
with brain injury. J Head Trauma Rebabil. 2002;17(4):335-348.
Paparrigopoulos T, Melissaki A, Tsekou H, et al. Melatonin secretion after
head injury: a pilot study. Brain Inj. 2006;20(8):873-878.

Montgomery P, Dennis JA. Physical exercise for sleep problems in adults
aged 60+. Cochrane Database Syst Rev. 2002;4:CD003404.

Larson EB, Zollman FS. The effect of sleep medications on cognitive recov-
ery from traumatic brain injury. J Head Trauma Rebabil. 2010;25(1):61-67.
Zhdanova 1V, Wurtman RJ, Regan MM, Taylor JA, Shi JP, Leclair OU.
Melatonin treatment for age-related insomnia. J Clin Endocrinol Metab.
2001;86(10):4727-4730.

Stevinson C, Ernst E. Valerian for insomnia: a systematic review of random-
ized clinical trials. Sleep Med. 2000;1(2):91-99.

Zollman FS, Larson EB, Wasek-Throm LK, Cyborski CM, Bode RK.
Acupuncture for Treatment of Insomnia in patients with Traumatic Brain
Injury: a Pilot Intervention Study. ] Head Trauma Rehabil. Epub ahead of
Print. Jan 2011.



55

Posttraumatic Headache

Henry L. Lew, Sara Cohen, and Pei-Te Hsu

GENERAL PRINCIPLES
Definition

Headache (HA) that develops within 1 week after head trauma (or within
1 week of regaining consciousness) is referred to as posttraumatic head-
ache (PTH). PTH that lasts longer than 3 months is referred to as chronic
PTH [1].

Epidemiology

30% to 90% of traumatic brain injury (TBD) patients may develop some
form of HA [2].

Classification

® Most common—majority are tension-type or migraine-type [2]

m Less common and benign—neuritic pain, musculoskeletal HA, dys-
autonomic HA, sinus HA, posttraumatic cluster HA, and medication
overuse HA [3]

®» Ominous—increased intracranial pressure (ICP), vascular injury,
intracranial aneurysm, vasospasm, cerebrospinal fluid (CSF) fistula,
dural sinus injury, posttraumatic hydrocephalus, abscess, and other
structural neurological pathology [3,4]

Pathophysiology

Pathophysiology is poorly understood, but may be secondary to cerebral
circulation abnormalities after TBI. There are similar biochemical altera-
tions seen in both TBI and migraine, and a TBI may injure the trigemi-
novascular system that is implicated in migraines [5].

364
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DIAGNOSIS

History [3]

Quality of pain—COLDER (character, onset, location, duration, exac-
erbation, relief)

Ask about severity, frequency, temporal associations, and postural
relationships

Associated symptoms—nausea, vomiting, dizziness, visual dysfunc-
tion, and auras

Patients with family history of HA are more likely to develop PTH.

Clinical Presentation (Based on International
Headache Society Classification of Headache)

Clinical presentation often comprises a hybrid rather than falling into
only one of the following categories [3,5].

Migraine HA—throbbing, unilateral, lasts 4 to 72 hours, may be associ-
ated with nausea or vomiting, may have aura. Basilar artery migraines
can occur secondary to traction on the vertebral-basilar circulation
from acceleration-deceleration injury.

Tension-type HA—moderate diffuse nonpulsating pain in forehead or
temples, often described as pressure, or band-like, which is not typi-
cally aggravated by activity

Neuritic pain—sharp, shooting, electric pain. Most commonly origi-
nating from greater or lesser occipital nerves, with pain located perio-
cular and radiating from back to front of head.

Musculoskeletal HA— “cap-like” in quality, improves with nonsteroidal
anti-inflammatory medications (NSAIDs). Patient may have history of
skull fracture or bruxism.

Cervicogenic HA—typically originates in the cervical or occipital
region and radiates rostrally. Often active trigger points can be identi-
fied, palpation of which reproduces the pain pattern.

Dysautonomic HA—unilateral episodic throbbing pain associated
with autonomic changes

Sinus HA—localized to the sinuses and associated with sinus
tenderness

Temporomandibular joint syndrome—typically located in the tempo-
ral region; may be exacerbated by chewing or yawning

Ominous Symptoms That May
Indicate Intracranial Pathology [3]

Increased ICP—Worsening and constant cephalgia, associated
nausea and vomiting, declining cognition. May be secondary to a
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space-occupying lesion (e.g., bleed), tension pneumocephalus, hydro-
cephalus, or shunt failure

m Low ICP—HA exacerbation in upright position. Usually secondary to
shunt dysfunction or CSF leak

® Acute or delayed vascular dysfunction:

m Carotid artery injury—focal pain, involving orbital or periorbital
regions

» Vertebral artery injury—severe pain in cervical or ipsilateral occip-
ital regions

m Carotid cavernous fistula—frontal HA, chemosis, proptosis, and
diplopia

Physical Examination [3]

m Comparison to baseline (whenever possible) is key.

» Migraine or tension HA—Likely normal examination, but may have
transient neurological changes during initial phase of a migraine
attack.

m Neuritic HA—Palpation of affected nerve may reproduce HA pain.

m Greater occipital nerve—best palpated below base of skull, off
midline

m Lesser occipital nerve—best palpated behind sternocleidomastoid,
one-third of muscle length from mastoid

» Sinus HA—Sinuses may be tender with palpation.

» Musculoskeletal and cervicogenic HA—Identify trigger points that
may reproduce pain; palpate muscles of mastication in temporoman-
dibular joint.

Ominous Examination Findings Which May Indicate
Intracranial Pathology

m Increased ICP—deterioration in mental status, focal neurological dete-
rioration, and papilledema

m CSF leak—clear rhinorrhea, otorrhea that may worsen with
Valsalva

® Vascular injury—external evidence of neck trauma, cervical carotid
bruit, ocular bruit, and Horner’s syndrome

» Infection—fever, nuchal rigidity, purulent drainage from wound or
postsurgical site

Laboratory Studies

Limited utility—If infection is suspected, CSF may be studied [3].
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Radiographic Assessment [3]

Migraine-type or tension-type HA—routine use of neuroimaging not
warranted. MRA of the head or neck may be considered if basilar
artery migraine is suspected. If focal neurological findings are noted,
computed tomography (CT) or magnetic resonance imaging (MRID) of
the brain should be considered.

Musculoskeletal HA—may want to obtain C-spine plain films (lateral,
open-mouth, flexion-extension), C-spine MRI if disk disease suspected.
Sinus HA—CT can be used to evaluate for sinusitis, and anatomic or
structural problems.

If red flags (ominous symptoms and/or signs) exist:

Increased ICP—CT of brain is imaging of choice because of the ease
of obtaining study, and will also identify cerebral swelling and pneu-
mocephalus. If situation is not acute, MRI is more sensitive.
Vascularinjury—MRI or MRA of neck will assess blunt carotid trauma.
Ultrasound can also detect vascular lesions and vasospasm but is lim-
ited by technique. Angiography may be considered in selected cases
(e.g., as a preop assessment).

Infection—CT or MRI with contrast can identify abscesses.

TREATMENT

General Principles

The mainstay of treatment is prevention of chronicity by using prophy-
lactic medications, minimization of polypharmacy, and diminishing
the risk of medication-induced rebound phenomenon [2].

= Treat the HA symptomatically, independent of history of trauma.
m For headaches because of identified intracranial pathology, address

the underlying pathology directly.

Evaluate for depression or other underlying medical diagnoses that
may exacerbate PTH. Psychological factors are frequent contributors
to pain [5,6].

Identify and counsel patient on PTH triggers—sleep, caffeine, stress,
exercise, or diet [7].

Medication overuse HA should be suspected if analgesics are being
used more than two times per week [8].

It is important to provide support and reassurance about the injury [5].

Nonpharmacological Treatment

Relaxation and biofeedback have shown favorable results in uncon-
trolled studies [2].
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» Physical therapy may be useful if the PTH is caused by musculoskeletal
or biomechanical dysfunction [2]. Myofascial pain can be addressed
with trigger point injections [7].

m Neuritic pain may respond to local anesthetic block of the affected
nerve or surgical decompression if warranted [7].

® Acupuncture has been shown to be effective as both an abortive and
a prophylactic management approach for migraine headaches and for
tension headache [9,10].

Pharmacological Treatment [7]

Abortive Agents

m NSAIDs—effective for musculoskeletal HA, migraine HA, and tension
HA. Ibuprofen and naproxen are most effective, but indomethacin can
be used for paroxysmal hemicranialis

® Muscle relaxants—use not supported

® Acetaminophen—effective for musculoskeletal and tension HA

m Narcotics—avoid use if possible because of high abuse potential and
risk of sedation/cognitive impairment.

® Vasoactive medications—serotonin receptor agonists (sumatriptan)
and ergotamine derivatives should be taken at first appearance of
migraine HA pain, provided that no cerebrovascular or cardiovascular
contraindications are present

Prophylactic Agents

» (3-Blockers (propranolol, metoprolo)—primary choice for migraine
prophylaxis in patients who do not have cognitive impairment due to
TBI. Exercise caution in the setting of cognitive impairment

® Calcium channel blockers (verapamil, nifedipine)—can be used in pro-
phylaxis against migraine and cluster HA

® Antidepressants—tricyclic antidepressants (nortriptyline, amitrip-
tyline) and selective serotonin reuptake inhibitors (fluoxetine) are fre-
quently used for migraine prophylaxis

® Anticonvulsants (e.g., valproate, gabapentin, topiramate) also may be
beneficial in migraine prophylaxis [8].

Other Agents

® Fiorinal (butalbital-ASA-caffeine)—may be effective as an abortive
agent; however, exercise caution in using this medication in someone
with fatigue, lethargy, or cognitive impairment

» Pulsed corticosteroids—may abort an attack of intractable migraine

® Inhalation of 100% oxygen for cluster HA

= Antiemetics—can be considered for patients with severe nausea who
cannot ingest other medications
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Treatment Controversies [5,6]

= There may be an inverse correlation between TBI severity and the
presence of PTH.

® Many patients with PTH have pending litigation; possibility of second-
ary gain may interfere with response to treatment.
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INTRODUCTION

Although uncommon, neurovascular complications of traumatic brain
injury (TBD can have devastating consequences.

This chapter will focus on three of the most often seen of these com-
plications—arterial dissection, carotid-cavernous fistulas (CCFs), and
traumatic aneurysms.

m Recognizing neurovascular sequelae of TBI is complicated by several
factors:

m Patients may be asymptomatic or may have nonspecific symptoms

= Symptoms may be delayed in their presentation, sometimes for
weeks to months

= Symptoms (e.g., headache) may mistakenly be attributed to the TBI
itself, rather than to a neurovascular problem

m There is often no correlation between the severity of TBI and the
development of neurovascular sequelae

m Clinicians need to maintain a high index of suspicion in order to expe-
diently identify these conditions.

ARTERIAL DISSECTION

® Can occur as a result of stretch injury or direct trauma, resulting in a
tear in the wall of an artery, which allows intrusion of blood within
the layers of the arterial wall.

» The site of dissection may be either within the connective tissue and
vasa vasorum of the media or, more commonly, intimal [1]. Intimal

371



372 TBI-Related Medical Complications

disruption can lead to thrombus formation, which can result in vascu-
lar obstruction in situ and/or result in distal embolization. Expansion
of the subintimal blood causes luminal narrowing, sometimes result-
ing in obstruction. Involvement of the media or adventitia can result
in aneurysms, pseudoaneurysms, or fistulae.

m Dissections can occur intracranially or extracranially, either in the
internal carotid artery or the vertebral artery; they occur extracranially
more commonly than intracranially.

m Usually, there is no external evidence of trauma over the affected
vessel.

Clinical Presentation

®= Symptoms may be a result of local effects or due to ischemia.

= Often, but not always, local symptoms precede the development of
ischemia. Therefore, early recognition of local symptoms may reduce
the risk of the development of ischemia.

Local Symptoms—Extracranial Carotid Artery Dissection

®» Headache and neck pain are usually the most prominent symptoms
[1]. The pain is typically ipsilateral, sharp or constant, and affects the
jaw and face or frontoparietal area.

m Patients may report pulsatile tinnitus or a subjective bruit.

m A partial Horner’s syndrome (miosis and ptosis) can be seen on the
ipsilateral side as a result of involvement of the sympathetic fibers that
travel along the internal carotid artery.

m Ipsilateral cranial nerve palsies can also be seen. The lower cranial
nerves are more often involved, with taste disturbance and tongue
weakness being the most common manifestations [1].

Ischemic Symptoms—Extracranial Carotid Artery Dissection

» Ischemic symptoms (cerebral or retinal) are common in carotid dissec-
tions, occurring in the majority of patients [2] and resulting in either
transient ischemic attacks or infarctions.

m Ischemic symptoms usually follow local symptoms by hours or days.

m Specific symptoms are referable to the vascular territories of the
involved vessel and can include visual loss (e.g., amaurosis fugax),
aphasia, hemiparesis, and so on.

Local Symptoms—Extracranial Vertebral Artery Dissection

m Neck pain, often severe, is the most prominent local symptom. The
pain is primarily located in the ipsilateral occipitocervical region.
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Ischemic Symptoms—Extracranial
Vertebral Artery Dissection

Ischemic symptoms may not occur if there is adequate collateral
circulation.

When ischemic symptoms occur, symptoms usually reflect involve-
ment of brainstem or cerebellar structures and can include ataxia,
vertigo, dysarthria, and diplopia.

Intracranial Dissections

Ischemic symptoms, not local symptoms, are usually the first manifes-
tation. Ischemic symptoms tend to be more severe than in extracranial
dissection.

Intracranial dissections are much more likely to rupture, resulting in
subarachnoid hemorrhage [1].

Imaging

Although catheter angiography remains the gold standard, noninva-
sive options are frequently used, at least for the initial diagnosis. These
include CT angiography (CTA), MR angiography (MRA), and Doppler
ultrasound.

Choice of modality should take into consideration issues such as degree
of suspicion, accessibility of modality, contraindications to modality
(e.g., to contrast or magnetic fields), and so on.

Treatment

Treatment is broadly divided into medical and interventional
treatments.

Medical treatment consists either of antiplatelet therapy or anticoagu-
lation. Although anticoagulation has generally been viewed as the
primary therapeutic approach, a recent Cochrane Review found that
there is currently not enough evidence to definitively recommend one
modality over another [2,3].

Interventional treatment includes surgery as well as procedures such
as stenting, balloon occlusion, and so on.

Choice of treatment depends on many factors including the patient’s
symptoms, time course of symptom progression, nature of lesion, eti-
ology of ischemia (e.g., embolic vs. vessel occlusion), patient’s over-
all neurological status, contraindications to certain treatments (e.g.,
anticoagulation), availability of newer interventional modalities, and
SO on.
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m Most patients will require follow-up imaging to monitor status of the
dissection, especially if being treated medically.

CAROTID-CAVERNOUS FISTULAS (CCF)
Description

m Although fistulas can occur in any artery after dissection or occlusion,
the most common posttraumatic fistula occurs between the internal
carotid artery and the cavernous sinus [2].

m The cavernous sinuses contain a number of venous channels. They are
located on either side of the sella turcica and posterior to the orbits.
® A number of important structures pass through the cavernous sinus,
including the internal carotid artery and cranial nerves III, IV, V, and VL.

= Although there are several different types of Carotid-Cavernous fis-
tulas (CCFs), by far the most common after trauma is one in which a
fistula develops directly between the internal carotid artery and the
cavernous sinus. These traumatic CCFs are known as Barrow type
A CCF or direct CCF [4]. Traumatic CCFs represent high-flow shunts
because there is shunting of blood between a high-flow arterial system
and a low-flow venous system. The high-flow shunt created by the CCF
increases venous resistance, which impedes the venous drainage into
the cavernous sinus.

m Although traumatic CCFs can develop at the time of or shortly after
the initial injury, they can also develop much later, when an initially
injured internal carotid artery finally erodes or ruptures into the cav-
ernous sinus.

m Bilateral traumatic CCFs have been reported [4].

Clinical Presentation

m The symptoms of traumatic CCF are a result of vascular congestion in
the regions that are normally drained by the cavernous sinus.

m Orbital and periorbital manifestations are the most common and
include ipsilateral chemosis, scleral injection, proptosis (sometimes
pulsatile), and pain.

® An orbital or facial bruit may be auscultated [5,6].

m Extraocular palsy (especially of CN VI) and diminished visual acuity
can also occur.

m Increased intraocular pressure (because of impaired aqueous humor
drainage through the canals of Schlemm) may result in glaucoma and
loss of vision (ischemic optic neuropathy) [5].

= In addition to orbital and ophthalmic symptoms, patients may com-
plain of headache, epistaxis, upper facial numbness, and tinnitus
(often described as buzzing or “swishing”) [4].
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m The possibility of significant or even complete visual loss (from retinal
hypoxia and/or ischemic optic neuropathy) warrants early detection
and management of a traumatic CCF [4]. Other serious complications
include cerebral ischemia (because of “vascular steal”) and hemor-
rhage, both subarachnoid as well as parenchymal.

Imaging

» The gold standard modality is four-vessel digital subtraction angiogra-
phy (DSA). However, the use of CT (with contrast) and MRI/MRA has
also been reported [4].

Treatment

® Traumatic CCFs are most often treated with endovascular techniques
[2, 4]. These include the use of balloons and coils to achieve occlusion
or embolization.

m Direct surgical repair may be indicated in some cases [2].

= Although closure of the fistula usually results in resolution of most
symptoms, visual function may not return because of permanent
injury to the optic nerve [0].

TRAUMATIC INTRACRANIAL ANEURYSMS
Description

® Traumatic intracranial aneurysms (TICA), although uncommon, are
associated with significant morbidity and mortality rates of 50% after
rupture [7].

= Although more often associated with severe TBI, they can occur after
even mild head trauma [7].

® Traumatic aneurysms can be classified both by histological type and
location.
Histologically, TICA fall into one of three main categories:

® True aneurysms involve disruption of the intima and media with
preservation of the adventitia, which forms the aneurysm wall.

m In false aneurysms (or pseudoaneurysms), all three layers (intima,
media, and adventitia) are disrupted and the extravasated blood is con-
tained only by arachnoid, brain parenchyma, or the hematoma itself.

® Mixed aneurysms represent false aneurysms that are formed after
the contained rupture of a true aneurysm.

m TICA are also classified by their anatomic location. In particular, they
can be distinguished by whether they arise proximal or distal to the
circle of Willis.
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®m Aneurysms that arise proximal to the circle of Willis can involve
the carotid artery (either the supraclinoid or intraclinoid segment)
or the vertebrobasilar arteries.

® Aneurysms that arise distal to the circle of Willis involve cortical or
subcortical arteries (or their branches).

Clinical Presentation

The clinical presentation depends on whether the aneurysm has rup-
tured or not. Unfortunately, most aneurysms are asymptomatic until
rupture, thereby minimizing the possibility of early detection.
Patients with supraclinoid carotid artery aneurysms can present with
headache, memory disturbance, and visual loss before rupture. Patients
with unruptured infraclinoid carotid artery aneurysms can present
with cranial nerve deficits, diabetes insipidus, recurrent epistaxis, or
symptoms of a CCF [7].

Most traumatic aneurysms present after rupturing, resulting in sub-
dural, subarachnoid, or intraparenchymal hemorrhages. Symptoms of
a ruptured aneurysm typically include decreased level of conscious-
ness, focal neurological deficit, and/or seizure.

The average time from initial trauma to aneurysmal hemorrhage is
approximately 21 days, although rupture can be delayed for months
or even years [7].

Imaging

Unruptured aneurysms are difficult to detect with routine, noncontrast
CT or MRI scans. CT or MR angiography may be considered, especially
given the cost and risk of complications associated with DSA, the diag-
nostic gold standard [7].

After rupture, CT or MRI will demonstrate intracranial hemorrhage.
DSA should be performed as soon as possible in order to identify the
underlying lesion.

Treatment

The goal of treatment is to exclude the aneurysm from the circulation
by surgical or endovascular methods.

Endovascular procedures are more difficult with traumatic aneurysms
because of the lack of an aneurismal neck, the extent of the arterial
wall involved, the fragile nature of these aneurysms, and the lack of a
defined wall in cases of pseudoaneurysm. Despite this, endovascular
techniques utilizing balloons or embolization with detachable coils
have been used with some success [7].
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m Surgical clipping has advantages in that it allows for removal of the
hematoma, provides definitive isolation of the aneurysm, and allows
for the reconstruction of the parent artery, if needed [7].

m Ultimately, considerations such as aneurysm structure, location, clini-
cal status of the patient, and availability of appropriately skilled per-
sonnel will dictate the optimal treatment method.

ADDITIONAL READING

Electronic References

Vascular complications of penetrating brain injury. http://journals. lww.
com/jtrauma/Fulltext/2001/08001/Vascular_Complications_of_
Penetrating_Brain_Injury.7.aspx#

Treatment of carotid dissection. http://www2.cochrane.org/reviews/en/
ab000255.html

Textbook/Chapter

Chandler J, Batjer H, Kuznits S, et al. Intracranial and cervical vascular injuries.
In: Cooper P, Golfinos J, eds. Head Injury. 4th ed. New York, NY: McGraw-
Hill; 2000:361-396.

Journal Article

DeWitt D, Prough D. Traumatic cerebral vascular injury: the effects of con-
cussive brain injury on the cerebral vasculature. J Neurotrauma.
2003;20(9):795-825.
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Pediatric Considerations in
Traumatic Brain Injury Care

Christopher Giza and Daniel Shrey

PEDIATRIC TRAUMATIC BRAIN INJURY—
GENERAL PRINCIPLES

Definition

Pediatric traumatic brain injury (TBD) is injury to the brain from a biome-
chanical etiology occurring in patients below 18 years of age including
inflicted abusive head trauma as well as sports-related concussions and
excluding obstetrical complications.

Epidemiology

TBI is a leading cause of morbidity and mortality among pediatric
patients, and it is responsible for the majority of trauma-related hospital-
izations and deaths in the pediatric population. Although outcomes after
TBI are generally viewed as better in children than adults, TBI sustained
in younger age groups (<4 years) actually results in worse long-term
prognosis [1].

Classification
Uses modified pediatric Glasgow Coma Scale (GCS; see Table 57.1):

® Mild—GCS 13 to 15, includes concussion, constitutes 75% to 85% of
all head injuries

» Complicated mild—GCS 13 to 15 with evidence of intracranial pathol-
ogy (contusions, hemorrhage, axonal injury, etc.)

m Moderate—GCS 9 to 12

m Severe—GCS 3 to 8 after initial resuscitation

® Limitations in pediatrics—difficult to assess verbal score in preverbal
infants and older children with language or developmental delays
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Table 57.1 Modified Glasgow Coma Scale for Infants and Children (Merck

Manual)
Area
Assessed Infants Children Score
Eye Open spontaneously Open spontaneously 4
opening Open in response to Open in response to 3
verbal stimuli verbal stimuli
Open in response to Open in response to 2
pain only pain only
No response No response 1
Verbal Coos and babbles Oriented, appropriate 5
response Irritable cries Confused 4
Cries in response to Inappropriate words 3
pain
Moans in response Incomprehensible 2
to pain words or
nonspecific sounds
No response No response
Motor Moves spontaneously Obeys commands 6
response and purposefully
Withdraws to touch Localizes painful 5
stimulus
Withdraws in Withdraws in 4
response to pain response to pain
Responds to pain Responds to pain 3
with decorticate with decorticate
posturing posturing
(abnormal flexion) (abnormal flexion)
Responds to pain Responds to pain 2

with decerebrate
posturing (abnormal
extension)

No response

with decerebrate
posturing (abnormal
extension)

No response

Pathophysiology

Specific pediatric implications include:

m Abusive head trauma—major cause in infants, due to shaking and/
or impact; may be recurrent or have delayed presentation, often with
concurrent hypoxic-ischemic injury

® Concussion—often recurrent in child and adolescent contact sports

= Contusion—Iless common in infants and toddlers than in adolescents

or adults
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» Diffuse cerebral edema—more common in infants and toddlers than
in adolescents or adults

» Diffuse axonal or shearing injury—frontal white matter networks (con-
trolling attention and executive function) are not fully mature until
early 20s. In infants, unmyelinated white matter may be particularly
vulnerable.

m Hypoxia-ischemia—particularly associated with abusive head trauma

® Penetrating injuries—rare in pediatrics

® Seizures—more common in infants and younger children than in ado-
lescents or adults

» Skull fractures—slightly more common in younger children

Mechanism

The most common mechanisms of pediatric TBI vary by age group.

= Infants—inflicted abusive head trauma, falls

» Toddlers—Falls

® Children and adolescents—motor vehicle accidents and sports-related
concussions

MODERATE TO SEVERE PEDIATRIC TBI—ASSESSMENT

[NOTE: Initial management MUST start concurrently with initial
assessment]

History

m Risk factors for worse outcome—developmental delay or learning dis-
abilities, comorbid medical conditions (coagulopathy, epilepsy), low
socioeconomic status, prior TBI

= Symptoms of TBI in pediatrics are essentially the same as those seen in
adults, with the exception that subjective symptoms (pain, dizziness,
etc.) may be challenging to assess in preverbal or developmentally
delayed children. Parental assessment of whether the child is different
from baseline is helpful.

Physical Examination

The following examination considerations are unique to the pediatric
population:

® General physical examination for other signs of trauma

m External signs of head injury—assess for bulging fontanelle

m Other physical examination findings—retinal hemorrhages, burns,
multiple old scars or bruises; may be an indication of abuse-related
injury
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m Neurological examination findings—assess Moro reflex, tonic neck
reflex, and/or other age-specific reflexes

Laboratory Studies

= Complete blood count, chemistry panel, toxicology screen (particu-
larly for adolescents)

Radiographic Assessment

» A skeletal survey may be indicated to rule out inflicted trauma.
® Imaging is otherwise similar to that performed in the adult population
(see Chapters 13 and 24).

MODERATE TO SEVERE PEDIATRIC
TBI—MANAGEMENT

Guiding Principles

2003 Guidelines for Acute Management of Severe TBI in Infants,
Children, and Adolescents [2]. These pediatric guidelines are currently
being updated (2010-2011).

Initial Management

m ABCs (airway, breathing, circulation, etc.)

m Assess GCS score—if 3 to 8, obtain head CT, insert ICP monitor, main-
tain CPP

m Stepwise approach to treating elevated ICP (see Chapter 28)

m If diffuse swelling on CT—consider decompression via craniectomy
with duraplasty

m If active ictal focus on EEG—consider high-dose barbiturates

m If evidence of ischemia—consider moderate hypothermia (32°C to
34°0C)

Supportive Care

® Acute seizure prophylaxis may be warranted (for first 7 days post
injury only).

® Nutrition—caloric supplementation > 130% to 160% of resting meta-
bolic requirements

m General care—oral hygiene, skin care or decubitus ulcer prevention,
bowel or bladder regimen
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Treatment Controversies

®» Many sedatives and anticonvulsants show developmental toxicity in
animal models (exceptions—topiramate, levetiracetam [3]).

®» Hypothermia (24 hours, rapid re-warming) is deleterious for pediatric
TBI [4]; pediatric TBI hypothermia trial with longer duration and more
gradual re-warming is ongoing.

PEDIATRIC CONCUSSION—GENERAL PRINCIPLES
Definition

Pediatric concussion is defined as a traumatically induced disturbance of
neurological function and mental state, occurring with or without loss of
consciousness; generally occurs without evidence of structural pathol-
ogy on acute neuroimaging and the functional disturbance resolves over
time [5,6].

Epidemiology

It is estimated that 1.6 to 3.8 million sports concussions occur in the
United States per year in all ages [7]. Among high school athletes, 5%
to 6% of all injuries involve the head [8]. Youth athletes represent the
largest at-risk population for sports concussion, with more than 63,000
high school athletes alone sustaining a concussion or mild TBI annually
[8]. After a single concussion, the risk of sustaining another concussion
during the same season increases threefold [9].

Pathophysiology

Multiple potential physiological mechanisms may occur following concus-
sion [10-13]. These include spreading neuronal depression or migraine,
seizure activity, changes in cerebral blood flow, perturbations of brain
metabolism, altered neuronal activation, and/or axonal dysfunction.

PEDIATRIC CONCUSSION—ASSESSMENT
Signs and Symptoms

Symptoms are usually self-limited with the vast majority (80%—-90%)

resolving within 1 to 2 weeks.

m Acute symptoms and signs—Essentially mirror those seen in adults
(see Chapters 8 to 10). Subjective symptoms are more challenging to
assess in young children, and the practitioner should take care to avoid
suggestibility that can bias symptom reporting.
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PEDIATRIC CONCUSSION—MANAGEMENT
Guiding Principles

Concussion in Sports Group, Consensus Statement, 2008 [6]. There are
no pediatric-specific guidelines for concussion management, but there
is growing recognition of the need for age-related modifications to
adult guidelines. Earlier neurological guidelines [14] are currently being
updated (2011-2012).

Management of Sports-Related Concussion

This is discussed in Chapter 9. Issues unique to pediatric concussion
include:

® School—may require adjustments for cognitive, behavioral, and/or
fine motor deficits [15,10]

m Initial support—School personnel should be alerted to injury, rein-
tegration into school occurs gradually; provide extra assistance or
time to facilitate completion of makeup work.

m General school-based support—Monitor student carefully for a
period following recovery, be aware of any developing or subtle
cognitive or behavioral problems.

m Specific classroom-based support—Delay or provide additional
time for tests, offering flexibility for assignment due dates, provide
preferential seating to allow for closer monitoring and decreased
distractions, provide examples of completed work.

m Return to play—Concerns guiding return to play recommendations
include risk of second impact syndrome (SIS) and/or worsened symp-
toms after repeated concussions (see Chapters 9, 11, and 16 for a more
thorough discussion of these issues).

ADDITIONAL READING
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Special Considerations in
Caring for the Workers'
Compensation Patient

Felise S. Zollman

BACKGROUND

The need for a no-fault workers’ compensation (WC) system came into
being in the context of the emergence of modern industrial society. In
the United States, the first state-specific WC legislation was enacted in
Maryland in 1902 [1], followed by Congress’ 1906 Employers’ Liability Act
[2]. This legislation shifted the traditional view that employees accepted
the risk associated with the work they did, and could only sue if they
could prove gross negligence on the part of the employer, to the notion
that employers bore responsibility for providing a safe work environ-
ment. The first federal WC system in the United States was enacted in
1908 in the form of the Federal Employer Liability Act, which covered
railway workers. The first state WC system was established in Wisconsin
in 1911. The last state to put such a system in place was Mississippi, in
1948 [1,2].

The core concept of WC is that it is a no-fault compensation system
in which the employee is entitled to collect a percentage of lost wages
and have medical and rehabilitation care paid for by the employer or the
employers’ agent or insurer. In return, the employee may not sue the
employer because of the injury.

WORKERS’ COMPENSATION AND
TRAUMATIC BRAIN INJURY

Much of the available data on the incidence, prevalence, and costs associ-
ated with traumatic brain injury (TBD in the context of the WC system
comes from a few select states such as Washington, because these states
have created a single large State Fund, which covers the vast majority
of workers in the state, and therefore have access to a large centralized
database containing injury and claim-related information. A handful of
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large employers may opt out and serve as their own insurers, and these
workers are not reflected in published data. Federal employees covered
under federal WC programs are also not included.

Epidemiology

Studies have reported that work-related TBIs account for between 5% and
14% of all TBIs [3]. The average annual incidence of work-related TBI is
approximately 10 per 100,000 full-time equivalent employees [4]. The top
three causes of work-related TBI are falls, motor vehicle accidents, and being
struck by an object [4]. The gender differential for occupational injuries is
greater than it is in the civilian sector in general: various studies have sug-
gested a ratio of men to women affected by work-related TBI ranging from
2:1 to 10:1 [4-6]. One Canadian mild TBI (MTBI) study, however, did find a
higher prevalence of MTBI claims among female employees versus males
(although the incidence was 2:1 male:female). In this study, the highest risk
professions were in education, specifically teachers and janitors, with falls
accounting for the majority of MTBI claims. The authors postulated that the
reversal in gender ratio for prevalence of MTBI might be due to an observed
longer duration of claims remaining open for female workers with MTBI [6].
The incidence of fatal work-related TBI is approximately 6%.

Costs

A study from Washington State published in 2006 reported an annual
claim cost per TBI of $25,400. Medical costs were $12,600, time lost was
$3200, and disabled pension benefits were $4000. Median claim cost
was $61,000. The highest risk/most costly industries included logging,
construction, janitorial services, and roofing [5].

MANAGEMENT OF WORK-RELATED TBI
Personnel

» In addition to the usual clinical care personnel, injured workers are
usually followed by a medical case manager (MCM), typically an RN
by training. The role of this individual is to direct and move the case
forward through the medical or rehabilitation care process and see the
case to closure. MCMs are guided by the Code of Professional Conduct
for Case Managers (see Additional Reading).

m WC carriers will typically identify a primary treating physician (PTP)
for an injured worker. This physician is the individual who is primarily
responsible for managing the treatment of the injured worker. Some
states set forth detailed guidelines for PTPs, including case coordina-
tion and reporting duties (see, for example: http://www.scif.com/pdf/
TreatingMDguide.pdf).



The Workers’ Compensation Patient 391

® WC carriers will also typically assign an adjustor to each case, whose
responsibility it is to manage the financial aspect of a claim. The adjus-
tor will typically work in conjunction with the MCM on behalf of the
insurance company in monitoring claims-related costs.

Management Approach

Typical injury cases would be expected to progress through a sequence
of stages, from acute care to medical rehabilitation to vocational rehabili-
tation (VR). A recent study by Wrona revealed, however, that only 48%
of TBI survivors seen for acute medical management (identified based
on hospital discharge records) progressed to medical rehabilitation; 46%
were referred for VR. Sixty-five percent of those referred for VR did ulti-
mately return to the work force. The author hypothesized that the reason
a minority of cases were referred for medical rehabilitation was because
“most cases do not occur in the area served by clinical model treatment
programs and do not follow the clinical trajectory of short intensive initial
inpatient care, followed closely by intensive rehabilitation and referral for
return to work” [7].

CONCLUSION

Injured workers are typically cared for under the auspices of the WC
system. Coverage specifics vary from state to state; however, the basic
premise of WC is the same throughout the industrialized world—work-
ers are provided coverage for lost wages, medical and rehabilitation
care; and employers are protected from lawsuits resulting directly from
the injury (no-fault coverage). Injured workers typically progress from
acute medical care through medical and vocational rehabilitation (VR).
MCMs help steer cases through the system; PTPs direct medical care,
and adjustors monitor the claim and associated costs. Ultimately, the
majority of injured workers with TBI who are referred for VR do return
to the work force in some capacity.

ADDITIONAL READING

Electronic References

Case Manager code of conduct:
http://ccmcertification.org/pdfs/CCMCode.pdf
Treating Physician guide (California):
http://www.scif.com/pdf/TreatingMDguide.pdf

Textbook/Chapter
Andersson GB, Cocchiarella L. Guidelines to the Evaluation of Permanent
Impairment. 5th ed. American Medical Association; 2000.
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Journal Article

Wrona RM. Disability and return to work outcomes after traumatic brain
injury: results from the Washington State Industrial Insurance Fund. Disabil
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Developing a Life Care Plan

Roger O. Weed and Debra E. Berens

BACKGROUND

® Definition: “A life care plan is a dynamic document based upon pub-
lished standards of practice, comprehensive assessment, data analysis
and research, which provides an organized concise plan for current
and future needs with associated costs, for individuals who have expe-
rienced catastrophic injury or have chronic health care needs” [1].

m Use: Identification of lifelong anticipated care for patients who will not
fully recover (i.e., have a permanent disability).

m Historical relevance: The term “life care plan” was introduced into the
legal literature in 1981 and came to be recognized as a valuable tool
within the rehabilitation field that identifies and projects the impact
of catastrophic injury on an individual’s future [1-2].

® Includes expected short and long-term or lifelong needs and costs of
medical care; residential placement (facility and in-home); transporta-
tion; home/architectural modifications; medical and nonmedical sup-
plies, equipment, and adaptive devices; physical, occupational, speech,
recreational, and other therapies; medications; and other needs as
related to, or a result of, the traumatic brain injury (TBD.

m Routine healthcare needs/costs typically are not included, as the need or
service would have occurred independent of the brain injury. Similarly,
preexisting conditions typically are not included unless the brain injury
exacerbated the condition or had another concomitant effect.

DIAGNOSIS: FOR WHOM IS A LIFE
CARE PLAN APPROPRIATE?

m Life care plans for individuals with TBI may be generated for the fol-
lowing situations [2-8]:

= Hospital or rehabilitation facility discharge planning

Portions of this chapter, reprinted with permission, appeared in the Demos publica-
tion: Weed R, Berens D. Life care planning after TBI: clinical and forensic issues. In:
Zasler N, Katz D, Zafonte R, eds. Neurorebabilitation of Traumatic Brain Injury. New
York: Demos Medical Publishing; 2006:1223-1240.
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m Medical-legal cases (e.g., personal injury litigation, medical mal-
practice litigation)

Adoption of special needs children

Elder care planning

Workers compensation claims

Managed care health plans and reserve setting

Trust-funded care for people with disabilities

Medicare set-asides

Vaccine injury fund cases

Wounded warrior or veterans with injuries

MANAGEMENT: HOW IS A LIFE CARE PLAN GENERATED?

Elements of the Life Care Plan

These include the following:

Projected evaluations: nonphysician or allied health evaluations that
will occur on a periodic basis

m Projected therapeutic modalities: ongoing or episodic treatment
» Diagnostic testing/educational assessments, for example, neuropsy-

chological, psychological, vocational evaluations, and, for children,
developmental and/or psychoeducational testing

Wheelchair needs, accessories, and maintenance: type and configu-
ration of recommended wheelchairs, specialty cushions and covers,
carry bags, gloves, and yearly maintenance/service requirements
Aids for independent function (includes assistive technology and
adapted devices)

Orthotics and prosthetics

®» Home furnishing and accessories
®» Drug and supply needs: prescribed and over-the-counter drugs, and

supplies including incontinence, feeding, tracheostomy, wound care,
etc.

Home care/facility care: living in the least restrictive setting is pre-
ferred. However, home care may not be the most cost effective alter-
native nor the most medically appropriate for the client depending on
his/her needs and brain injury sequelae.

m For clients recommended to live at home, the level of in-home care
should be identified (e.g., skill level of providers, hours per day the
providers are needed, shift care vs hourly care vs live-in care).

® Facility care may be most appropriate for those who have no capa-
bility of living at home or whose needs exceed capabilities available
in a home environment.

m There also may be need for specialty programs such as yearly sum-
mer camps.
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» Future medical care: typically provided by a physiatrist/physician with
expertise in brain injury

® Transportation: adapted driving evaluation and training if client has
potential to drive, vehicle modifications, wheelchair modifications,
private driver, or public transportation

m Health and strength maintenance (aka recreation and leisure time
activities): home exercise program, adapted sports or recreation activi-
ties, and gym or health club membership as an avenue for structured
exercise and socialization or community integration

m Architectural renovations: typically included for clients who are to be
cared for at home

m For the military, the Veterans Administration has established cer-
tain allowances that are reevaluated each year. See http://www.
homeloans.va.gov/sah.htm for current allowances.

m Potential complications: conditions for which the client with TBI is at
higher risk to occur. Included for information only as no frequency or
duration of complications are typically predictable. Costs of complica-
tions generally are not included unless they are “expected” and can
be quantified

® Future medical care/surgical intervention or aggressive treatment

® Orthopedic equipment needs/durable medical equipment

® Vocational/educational plan

The Life Care Planning Team Members
These include the following:

m Client or evaluee (i.e., the person with the disability) [9]. Assuming
that the client/evaluee is accessible (i.e., legally permitted) and capable
of appropriate interaction, interview him or her. If not possible, one
alternative is to have a videotaped “day in the life” of the client. It is
recommended that the client interview take place in the client’s resi-
dence (home or facility) for (1) client convenience, (2) the opportunity
to assess potential home modification needs, and (3) to observe medi-
cations, equipment, and supplies.

» Family members/caregivers

m Physiatrist (or other physician with expertise in management of TBD):

m Often designated the team leader

® Can assist in establishing medical foundation for a life care plan
[1,10,11]

m The physician evaluation should include functional limitations,
expected future medical treatment including referral to other spe-
cialties, review of medications, supplies, and/or durable medical
equipment and related topics.



396 Special Considerations and TBI Resources

m Neuropsychologist: will establish cognitive, affective, behavioral,
social, and functional capabilities as well as identify current and future
needs, including aging-related needs

m Occupational therapist: addresses seating and positioning needs (may
also be done by physical therapist), activities of daily living training,
adaptive aids, safety in the residence, and other vocationally related
issues

® Speech and language pathologist (may also be called communication
disorders specialist): identifies speech and language abilities as well
as augmentative communication needs for clients with severe com-
munication disorders; cognitive remediation needs

m Physical therapist: reviews durable medical equipment needs includ-
ing wheelchair design and specifications. If appropriate, may conduct
a functional capacity evaluation (may also be performed by the occu-
pational therapist).

» Educational consultant: identifies needed educational programs/ser-
vices. Under the federal Individuals with Disabilities Education Act,
the public school system is responsible for providing specialized ser-
vices to eligible school-age children with disabilities up to the age of
22. Each state also offers early intervention programs for children with
brain injury from birth to age 3.

= Case manager: coordinates care, equipment acquisition, and problem-
solving support

m Vocational evaluator (if client has work potential): identifiies client’s
vocational capabilities [5]

m Rehabilitation counselor (aka vocational rehabilitation counselor):
assists in coordinating a job and/or labor market analysis. Provides
vocational guidance and counseling including job-seeking skills train-
ing, job development, selective job placement, supported employment,
and/or postplacement services, and serves as a job coach and/or pro-
vides work adjustment training. A rehabilitation counselor with at least
a Masters degree who holds the national CRC (certified rehabilitation
counselor) credential is recommended.

m Economist: if litigation-related (forensic), calculates the cost of “dam-
ages” over the client’s lifetime as related to the brain injury. The econo-
mist will rely on the base costs of the items and services recommended
in the life care plan to project the cost of care throughout the client’s
life expectancy [12]. Table 59.1 shows an example entry from a life
care plan that provides relevant information for the economist to make
appropriate cost projections. In order for an economist to project the
cost of care, certain details must be included in the life care plan,
including the expected type and amount of treatment or service, date
to start treatment, date to stop treatment, and base cost of treatment
(in today’s dollars; see Table 59.1). For products, such as durable medi-
cal equipment and supplies, include specifications, date to purchase,
expected cost, and replacement schedules. It is strongly recommended
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Table 59.1 Relevant Life Care Plan Information for Economist

Example Minimum Information Needed for
an Economist to Project Costs

Psychiatric evaluation in 6/2010 at a cost of $750 (includes complete
evaluation with report and recommendations).

Expect counseling to start in 7/2010, frequency one time per week,
for 1 hour session each, for 26 weeks at a cost of $150 per hour
from PhD level brain injury specialist.

Expect group counseling beginning 1/2011, frequency one time per
week for 12 months then one time every 2 weeks for 12 months at
a cost of $50 per session.

Expect medical follow-up four times per year until 1/2012 by psychia-
trist at a cost of $75 each visit.

Expect medication as prescribed: Prozac, one 20 mg per day, from
7/2010 to 1/2012 at cost of $53.86 for 30 pills.

that the life care planner defer to an economist or other trained and
qualified professional to determine the ultimate cost of the life care
plan, unless (1) he/she has specific training in this specialized area or
(2) he/she is in a position to apply special rules pertaining to economic
projections (e.g., the Alaska Rule) that eliminate complex formulas.

General Life Care Planning Procedures/Additional
Considerations

® Request and review all medical records and (if available) depositions
of health care professionals regarding the client’s brain injury [1]. May
also be appropriate to request preinjury records and/or records regard-
ing preexisting or comorbid conditions to determine the client’s over-
all general health condition.

® Conduct an in-person interview with the client and/or reliable family
member/caregiver. If client is unable to participate in interview, con-
duct observation of client.

m Begin identifying long-term care issues and options, including con-
siderations for aging.

® Define the source of each recommendation, consistent with appropri-
ate and reasonable care.

® Ensure familiarity with the client’s particular situation and the litera-
ture with regard to probable needs as related to the TBI. Are the clini-
cians’ recommendations reasonable and consistent with the accepted
standard of care?

= Once an adequate foundation is established for the future care needs
and recommendations, an initial life care plan is developed. The
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process of developing a life care plan also includes an investigation
into resources, availability of services, and cost research.

m The life care plan is then typically presented to, and reviewed by, the
client/family (f clinically appropriate) and, at times, the treatment
team. An alternative is to have the physician or health care provider(s)
who participated in development of the plan review and sign off or
endorse their medically based recommendations as being a reasonable
plan of care for the client.

ADDITIONAL READING

Electronic References

American Association of Nurse Life Care Planners. http://www.aanlcp.org

The Internal Commission of Health Care Certification http://www.ichcc.org

International Academy of Life Care Planners has published peer-reviewed stan-
dards of practice which Academy members pledge to follow. http://www.
rehabpro.org/sections/ialcp/focus/standards/ialcp-standards-of-practice

Weed RO, Berens DE. Private sector rehabilitation. In: Stone JH, Blouin M, eds.
International Encyclopedia of Rebabilitation [online]. 2008. http://cirrie.buf-
falo.edu/encyclopedia/article.php?id=11&language=en

Textbooks/Chapters

Deutsch P, Sawyer H. A Guide to Rebabilitation. New York: Matthew Bender;
1985. (out of print.)

Riddick-Grisham S, ed. Pediatric Life Care Planning and Case Management.
Boca Raton, FL: CRC Press; 2004.

Weed R, Berens D, eds. Life Care Planning and Case Management Handbook.
3rd ed. Boca Raton, FL: CRC Press; 2010. (Includes individual chapters for
most of the topics discussed in this pocket guide.)

Weed R, Berens D. Life care planning after TBI: clinical and forensic issues. In:
Zasler N, Katz D, Zafonte R, eds. Neurorebabilitation of Traumatic Brain
Injury. New York: Demos Medical Publishing; 2006:1223-1240.

Journal Articles

Countiss R, Deutsch P. The life care planner, the judge and Mr. Daubert. Journal
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Weed R. Life care planning and earnings capacity analysis for brain injured
clients involved in personal injury litigation utilizing the RAPEL method.
Journal of neurorebabilitation, 1996;7(2):119-135.
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Medical-Legal
Considerations in
Traumatic Brain Injury

Robert E. Hanlon, Diana S. Goldstein, and
Michael D. Carter

BASIC LEGAL CONCEPTS IN TBI LITIGATION

® Traumatic brain injury (TBD lawsuits are generally based on a theory
of negligence:

Defendant owed the plaintiff a legal duty of care
Defendant breached that duty of care

Breach caused the plaintiff’s injury

Plaintiff suffered damages as a result of the breach

» Plaintiff must establish negligence based on the facts. Proof of negli-
gence is required. A diagnosis of TBI is necessary
m Admissibility of evidence

= Any point in contention may be proven by using a “more likely than
not” standard. Proof beyond a reasonable doubt, proof by clear and
convincing evidence, or strict scientific proof is not required

= A witness allowed to offer testimony must have scientific, technical,
or other specialized knowledge, which will assist the trier-of-fact to
understand the evidence or determine a fact in issue.

= The methodology employed to support conclusions and opinions
must be reliable.

® An expert witness may rely upon materials commonly relied upon
by similar professionals, as well as his/her own experience, when
forming opinions.

TYPES OF LAW SUITS INVOLVING
TRAUMATICALLY BRAIN INJURED INDIVIDUALS

® Personal injury cases associated with motor vehicle collisions,
motor vehicle versus pedestrian collisions, bicycle accidents, injuries

400
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sustained from being struck by a falling object, falls, playground acci-
dents, sports-related injuries, physical abuse, and assaults

Worker’s compensation cases associated with falls, inadequate safety
practices, equipment malfunction, supervisor and/or coworker negli-
gence, workplace violence, and injuries sustained from being struck
by a falling object

m Disability cases due to TBI
m Medical malpractice cases associated with medication mismanage-

ment, inadequate supervision and/or protection of acutely confused
patients, complications associated with surgical intervention, falls, and
suicide

m Mental competency and guardianship cases
® Product liability cases

FACT WITNESS VERSUS EXPERT WITNESS

Fact witnesses are healthcare providers involved in the examination
and/or treatment of a patient who subsequently initiates litigation.
Expert witnesses, specialized by training in the diagnosis and treat-
ment of TBI, who may or may not actually examine the plaintiff, are
commonly subpoenaed to testify with respect to opinions regarding
the diagnosis of TBI, as well as the extent, severity, and permanence
of damages.

Ethical standards of numerous professional organizations discourage
clinicians from assuming an expert witness role when a doctor-patient
relationship exists. In general, treating clinicians are advocates for
their patients and have concern for their welfare, whereas an expert
witness is an advocate for the truth and guards against forming a thera-
peutic alliance. The two roles present obvious conflict.

Lawyers are not required to know or follow the ethical guidelines or
codes of conduct of a particular clinician; it is the sole responsibility
of the clinician to ensure against transgressions by avoiding offering
expert opinions if they are in a treating role.

ROLE OF THE TREATING CLINICIAN IN TBI LITIGATION

Whether one actively seeks a forensic role as independent evaluator or
is called upon to provide information to fact finders about a patient for
purposes of litigation or another compensation-seeking context, clini-
cians are immediately subject to, and responsible for, following guide-
lines for forensic practitioners in their respective field. The American
Academy of Neurology (AAN) adopted a Code of Professional Conduct
in 1989 [1] to govern its members, and revised the “Qualifications and
guidelines for the physician expert witness” in 2005 [2], making them
comparable to those of the American Medical Association (AMA) and
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the American Association of Neurological Surgeons (AANS). Specialty
guidelines for psychologists engaging in forensic work were similarly
published in 1991 and revised in 2004 [3].

m The AMA has taken the position that forensic practice is the practice
of medicine. Providing medical testimony is the practice of medicine
by extension, a position upheld by a 7th Circuit Appeals Court when
challenged [4].

= The AAN and AANS have assumed leadership roles regarding the integ-
rity of expert medical testimony, and other associations are following [5].
Organizations have been created for the sole purpose of addressing expert
medical testimony reform (e.g., Coalition and Center for Ethical Medical
Testimony and Medical Justice) [6]. Clinicians must be knowledgeable
about their ethical obligations when involved in forensic matters.

MODERATE TO SEVERE TBI

= Determination and documentation of severity

m Glasgow Coma Scale is the most frequently recognized measure of
severity of TBI by the court. Emergence from coma and regaining
of consciousness are most reliably established by the consistent
ability to follow commands [7].

® Duration of posttraumatic amnesia (PTA) is also a commonly rec-
ognized measure of TBI severity by the court, and should be objec-
tively assessed by an experienced examiner.

m Complications (e.g., posttraumatic epilepsy, hydrocephalus) may be
expected to have a negative impact on functional outcome and, as a
result, may be key factors in TBI litigation.

® Objective outcome measures

m Results of serial neuropsychological evaluations are commonly used
to objectively determine the functional capacity of TBI litigants and
are frequently recognized by the court as key factors in making
determinations regarding the extent and severity of damages.

m The following schedule of serial neuropsychological evaluations is
recommended [8,9] to objectively document neurocognitive recov-
ery and neuropsychological outcome: (1) at resolution of PTA; (2) 3
months post injury; (3) 6 months post injury (4) 1 year post injury;
and (5) 2 years post injury.

MILD TBI

® Diagnosis: Is there evidence of brain injury or not? [10-12]

= Averysmall percentage of mild TBI(MTBD) patients report symptoms
persisting beyond 3 months, and are diagnosed with postconcussion
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syndrome. Litigation status is increasingly recognized as a factor
associated with protracted recovery.

m External incentives

®» Empirical data strongly support the association between involve-
ment in litigation and persistent, worsening or more severe symp-
tom complaints, deficits in cognitive test performance beyond
the 3-month recovery period, and poor functional outcome such
as prolonged delay or failure to return to work, and disability
[13-16].

®m The 2004 World Health Organization Collaborating Centre Task
Force on MTBI described litigation status or other compensa-
tion-seeking as one of the most reliable predictors of poor out-
come [17].

m Objective outcome measures

® Neuropsychological testing is sensitive to subtle dysfunction fol-
lowing MTBI and is commonly recognized by the court as a primary
factor in making determinations regarding the extent and severity
of damages. Optimal referral time for initial neuropsychological
evaluation is 1 month post injury. Follow-up neuropsychological
evaluation is typically conducted at 1 year [9].

m Inclusion of measures to assess effort in neuropsychological evalu-
ations of TBI litigants is critical to determining what impact, if any,
motivational factors may have on clinical presentation.

m Base rates of malingering of cognitive impairment vary across set-
tings, but are significant [18,19].
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Electronic References
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Journal Article

Williams MA, Mackin GA, Beresford HR, et al. American Academy of Neurology
Qualifications and guidelines for the physician expert witness. Neurology.
2006;66(1):13-14.
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Alcohol Misuse and
Traumatic Brain Injury

John D.

Corrigan

GENERAL PRINCIPLES

= Note that this chapter addresses alcohol but not illicit drugs or misuse
of prescription drugs except as a complicating factor
® Definitions

m Alcohol use disorders

¢ Dependence (International Statistical Classification of Diseases
and Related Health Problems. 10th Revision revision [ICD-10])
[1]: Three or more of the following occurring together for at least
1 month, or if less than 1 month, occurring together repeatedly
within a 12-month period:

.

.

Need for significantly increased amounts of alcohol to achieve
intoxication or desired effect, or markedly diminished effect
with continued use of the same amount of alcohol
Physiological symptoms characteristic of the withdrawal syn-
drome for alcohol, or use of alcohol (or closely related sub-
stance) to relieve or avoid withdrawal symptoms

Difficulties controlling drinking (where, when, or amounts
consumed)

Important alternative pleasures or interests given up or re-
duced to accommodate drinking or its effects

Persisting with drinking despite clear evidence and knowledge
of harmful physical or psychological consequences

Strong desire or sense of compulsion to drink

® Abuse/harmful use (ICD-10) [1]: Clear evidence that alcohol use
contributed to physical or psychological harm, which may lead
to disability/adverse consequences (pattern of use has persisted
1 month or occurred repeatedly over a 12-month period)

= Alcohol misuse in the absence of alcohol use disorder [2]—
recommended maximum consumption:
e Men

405
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¢ <65 years old—no more than 4 drinks in a sitting or 14 drinks
in a week
¢ >65 years old—no more than 3 drinks in a sitting or 7 drinks
in a week
= Women—no more than 3 drinks in a sitting or 7 drinks in a week
m Less use may be considered misuse in the presence of medica-
tion interactions or contraindicated medical conditions.
® There is no consensus in the field whether a traumatic brain
injury (TBD is a contraindicated medical condition; however,
many clinicians have concluded that abstinence from alcohol is
the only safe recommendation that can be made.
m Low-risk use—use that does not meet criteria for misuse
m Abstinence—no use of alcohol

= Epidemiology

® Among those hospitalized due to TBI, approximately half will
engage in binge drinking 1 year after injury [3].

= Among those treated in acute rehabilitation, approximately 20%
have problem alcohol or drug use 1 year post injury [4].

m Substances most likely misused follow national trends, but alcohol
is most available, most used, and most misused [5].

m Etiology

m The greater one’s intoxication at time of injury the more likely the
injury will include a TBI [6].

» Individuals with a history of substance use disorder prior to injury are
as much as 10 times more likely to exhibit problematic substance use
post injury, when compared to those without such history [7].

m Large proportion of patients treated for TBI have prior histories of
substance use disorder [8,9].

m 5% to 10% of rehabilitation patients with no prior history develop
problem use following injury [4].

m Early childhood TBI may predispose to adolescent and early adult-
hood substance misuse [10].

TREATMENT

® Screening
m Clinical interview

¢ Determine levels of use and consequences.

¢ To promote transparency, a supportive and nonjudgmental pre-
sentation is essential.

¢ Open-ended questions normally elicit more information than
multiple, yes/no, or short response questions.
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m Structured screening instruments (for brief descriptions, content,
and cut-off scores see the American College of Surgeons Committee
on Trauma Alcohol Screening and Brief Intervention Quick Guide.
www.facs.org/trauma/publications/sbirtguide.pdf) [11]

e AUDIT (Alcohol Use Disorders Identification Test): 10-items
requiring 2 to 3 minutes administration; extensive validation;
sensitive to entire spectrum of drinking problems [12]

e CAGE + consumption: seven items, has extensive validation.
Sensitive to alcohol use disorders [11,13]

¢ CRAFFT: six items designed for screening in adolescents by ask-
ing about risky use situations but not actual questions about
consumption [14]

¢ Binge drinking question: single item inquiring when last time
binged. If in last 3 months, considered positive. Allows conclu-
sion that misuse or worse is present [15]

m Laboratory studies

¢ Indices of impaired liver functioning are only sensitive to chronic
use
¢ Blood alcohol content at time of injury
¢ Indicates intoxication at time of injury but not history of misuse
¢ High values (e.g., 80 mg/dl exceeds the legal limit for operating
a motor vehicle in all 50 states) a basis for assuming at least
misuse
e Very elevated values may suggest tolerance for alcohol associ-
ated with dependence.
e If blood is not drawn for testing near the time of injury, add 15
mg/dl for each hour from injury to blood draw [11].

= Treatment in rehabilitation settings: In a rehabilitation setting, recom-
mended interventions are education, screening, and brief intervention
and referral for treatment, as indicated [16].

= Education

¢ Recommend all patients in rehabilitation for TBI receive educa-
tion about the negative consequences of alcohol use [16,17]

¢ Even if there was no premorbid misuse, patients should know
that their acute recovery, if not lifetime health, will be more
vulnerable to alcohol use than people who have not had a
serious TBI [17].

¢ Patient and family defensiveness can be minimized by empha-
sizing this is information that everyone who has had a TBI
should know.

¢ Content recommendations have been published (see Table 61.1)
[17,18].

m Brief intervention
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Table 61.1 Eight Educational Messages Presented in a User’s Manual
for Faster, More Reliable Operation of a Brain After Injury

1. People who use alcohol or other drugs after they have a brain
injury don’t recover as much.

2. Brain injuries cause problems in balance, walking, or talking
that get worse when a person uses alcohol or other drugs.

3. People who have had a brain injury often say or do things

without thinking first, a problem that is made worse by
using alcohol and other drugs.

4. Brain injuries cause problems with thinking, like concentra-
tion or memory, and using alcohol or other drugs makes
these problems worse.

5. After brain injury, alcohol and other drugs have a more pow-
erful effect.
6. People who have had a brain injury are more likely to have

times during which they feel low or depressed, and drink-
ing alcohol and getting high on other drugs makes this

worse.

7. After a brain injury, drinking alcohol or using other drugs
can cause a seizure.

8. People who drink alcohol or use other drugs after a brain

injury are more likely to have another brain injury.

From Ref. [18].

m Standard structure (National Institute of Alcoholism and Alcohol
Abuse Pocket Guide [see Web Sites])
e Screening:

— Distinguish among abstainers, low-risk use, at-risk use, and
substance use disorder.

¢ Intervention:

— If low risk, advise not to increase.
— If at risk, advise and assist depending on readiness to change.
— If substance use disorder, advise, refer, and/or treat.

= “FRAMES” method [19]
¢ FRAMES components:

— Feedback—respectfully give specific information that concerns
the patient

Responsibility—stress that the patient is responsible for any
change

— Advice—respectfully give advice to the patient

— Menu—offer the patient choices

Empathy—listen and reflect
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— Self-efficacy—reinforce that change is possible and will be
beneficial

¢ Assess readiness to change:

¢ If precontemplative, goal is to raise doubt.
* If contemplative, goal is to increase ambivalence.
¢ If ready to take action, goal is to elicit a commitment.

¢ Close on good terms
m Referral for treatment [17]

¢ Locate appropriate referral source in the person’s home com-
munity.

¢ Discuss referral with the person and obtain release for referral
and follow-up.

¢ Contact referral source, verify cultural relevance, and make re-
ferral.

¢ Facilitate patient’s contact with the referral source to make an
appointment.

¢ Forward information including biographical data and plans for
discharge.

¢ Identify possible barriers to referral, such as transportation,
scheduling or family compliance, and address prior to initial
appointment.

¢ Follow up with referral source after initial appointment to con-
firm attendance. If patient did not attend, determine how to
facilitate participation.
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Ethical Considerations

Debjani Mukherjee

DEFINITIONS AND KEY POINTS

m Ethics are a “set of moral principles; a theory or system of moral val-
ues” [1]

® Various theories and frameworks can be used to analyze ethical con-
siderations, including a focus on principles, relationships, virtues, con-
sequences, rules, or process

® Traumatic brain injury (TBD can pose unprecedented ethical dilem-
mas and/or bring up age-old debates about what it means to live a
good life. There are webs of lives affected by one injury (2]

m Core principles of biomedical ethics [3] include

® Beneficence: providing benefit and balancing risks to bring forth
the best results

® Respect for autonomy: fostering self-determination and respecting
individual differences

» Nonmaleficence: doing no harm

® Justice: upholding concepts of fairness and equity

m Clinical ethics involves analyzing and resolving practical ethical issues
drawing on an analysis of medical indications, patient preferences,
quality of life (QOL), and contextual factors [4]

m Ethical issues may arise when there are competing interests or values,
or disagreements about the “right” or “wrong” way to approach a
problem; terms such as moral dilemma, moral uncertainty, and moral
distress describe the tension between the perceived course of right
action and constraints [5]

PARTIAL LIST OF ETHICAL ISSUES IN TBI

Decisions about withdrawal of life support

Consideration of preinjury and postinjury interests and “selves”
Communication of prognostic uncertainty

The reverberating impact of the injury on the family system
Assessment of decision-making capacity

1412
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Decisional capacity versus performative capacity
QOL judgments by persons other than the injured
Identifying surrogate decision makers

Assent versus consent in medical decision making
Infantilization of adults with TBI

Use of behavioral restraints

Access to healthcare and social services

Safe discharge options

Allocation of resources

Participation of vulnerable populations in research
The role of spirituality in adjustment to TBI
Addressing biases and stigma associated with cognitive disability

QUALITY OF LIFE

QOL is hard to define and measure [6]. Healthcare providers often rate
QOL lower than people living with a disability [7]. Notions of a “good”
life change over time and with new life experiences. The best interest
standard is often used to discuss QOL, but factors such as the severity
of the injury, access to services, premorbid personality characteristics,
and social support can complicate the notion of what is in the patient’s
best interest. Family members and surrogate decision makers are dealing
with their own emotional reactions and fears, and may not make deci-
sions based on a “substituted judgment,” or what the patients themselves
would want. Understanding the values, preferences, hopes, and life satis-
faction of persons with TBI is important in exploring ethical issues.

SENSE OF SELF AND PERSONHOOD

TBI raises dilemmas about a sense of self and personhood. Are individu-
als fundamentally changed if their personalities, memories, or functional
capacities are altered? The definition of personhood is distinct from per-
sonality, and various legal, theological, and philosophical theories define
the concept in specific ways [8]. Vegetative states, minimally conscious
states, and other disorders of consciousness raise fundamental issues
about how we define the self in relation to QOL, prognosis, and time
post injury [9].

ISSUES TO CONSIDER BASED ON
BIOMEDICAL ETHICAL PRINCIPLES

1. Beneficence

= Best interest of the patient
m Who defines best interest?
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m Benefits and burdens of each treatment
m Use of evidence-based guidelines in medical decision making
m Clear communication of information

2. Respect for patient autonomy/self-determination

What is the patient’s current decision-making capacity?

Do they have an advance directive?

Have they identified a surrogate decision maker?

Has the patient made his/her preferences known? When?

Has the TBI fundamentally changed the patient’s sense of self?

3. Nonmaleficence

m Refers to harms of action as well as harms of nonaction
m If the patient does not fully understand what is being considered,
is he/she being harmed?

4. Justice

® Discrimination because of diagnosis or some other category
= Allocation of resources: medical, social, and financial

OTHER FACTORS TO CONSIDER IN
CLINICAL ETHICAL ANALYSES [4,10]

1. Identify the moral dilemma, moral uncertainty, or moral distress
2. Determine the facts of the case

m Medical: diagnosis, prognosis, symptoms, risks and benefits of
treatment, and goals of treatment

® Social: family members, living situation, social support, occupation,
and experiences with the healthcare system

m Spiritual and cultural: belief systems, values, and religious practices
that may influence treatment decisions

3. List the stakeholders and the nature of their interests (e.g., patient,
family, healthcare providers, facility, payers, community members,
and others?)

4. Name the problem/dilemma(s):

® Values in conflict

= Communication difficulties

m Applicable laws and/or institutional policies
= Violations of codes of ethics

5. Gather additional information

m Are there any perspectives missing?
m Where are you getting your facts? Who is telling the story?

6. Consider the alternatives

m List arguments for and against each alternative
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= Eliminate options that are “out of bounds” (illegal, against policy)

®m Examine how each alternative may affect patients and other inter-
ested parties

m Are the choices consistent with the patient’s moral, religious, or
social beliefs? With the team members’ beliefs? With your own
beliefs?

» Examine the fairness of the action

= Will the action build goodwill?

® Who ultimately makes the decision/takes action?

7. Implementation and follow-up

Identify next steps

Determine the extent of agreement on a proper course of action
Decide who should be informed

Learn from the case

What went right?

What went wrong?

What would you do differently in the future?

Ethical considerations range from withdrawal of life support decisions
in severe TBI to the ability of a participant with a mild TBI to consent
to a low-risk research project. There are numerous frameworks and phi-
losophies that can be used to analyze ethical issues in TBI. The nature
of the injury, striking at the core of the sense of self and personhood,
can lead to philosophical and practical ethical considerations. The list of
factors to consider is presented as a starting point to understanding the
complexities involved.
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Special Considerations for
Military Personnel
Unique Aspects of Blast Injury

Shane D. McNamee, Gary Goldberg, and Ajit B. Pai

OVERVIEW

m Explosive ordinance in the form of improvised explosive devices
(IEDs), mines, and rocket-propelled grenades are increasingly being
deployed against military and civilian populations.

® In current armed conflicts, nearly half of all injured service members
were injured by explosive devices and suffered neurotrauma [1]. As
in the civilian population, mild traumatic brain injury (MTBID) is the
most common severity of head injury in the combat population [2,3].
It is estimated that up to 20% of deployed service members have suf-
fered an MTBI from blast injury [4]. Because of the ubiquity of IEDs,
TBI is referred to as the “signature injury” of the current wars [2,5].
As the use of IEDs rises, civilians are also increasingly targeted and
injured [6].

m Historically, blast exposures and subsequent impairments have
been given a variety of labels such as “shell shock,” “post combat
neurosis,” deployment-related psychological injury, and blast con-
cussion. Posttraumatic stress disorder (PTSD) is also frequently
encountered in those exposed to combat and can cause significant
cognitive, physical, and emotional impairments that affect com-
munity re-entry and ultimately quality of life [7,8]. In evaluating
those with blast exposures and persistent symptoms, psychological
wellness must be evaluated, addressed, and prioritized to optimize
recovery.

Authors’ Note: The views expressed in this chapter are those of the authors
and do not reflect the official policy of the Department of Army, Department
of Defense, or U.S. Government.
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DIFFERENCES FROM SPORTS CONCUSSION MODEL

» Combat sustained blast injuries occur in an emotionally and psycho-
logically complex context. Service members operate at an elevated
baseline of attentive hypervigilance for extended periods of time. In
addition, combat exposure is associated with significant emotional
trauma.

m Global bodily injury from blast dynamics are typically more complex
and severe than focal brain injuries caused by sports concussion. It
is currently unclear whether the severity and rate of persistent symp-
toms after concussion due to the blast mechanism itself differ from
traditional concussion [9].

m Lessons learned from the study of sports concussion do translate to
the combat theater. These include methods for early rapid assessment
and consensus guidelines for return-to-duty decisions similar to those
developed for return-to-play decisions in athletes following concus-
sion. Also, cumulative effects of multiple blast exposures may be anal-
ogous to chronic traumatic encephalopathy in athletes.

» The tendency on the part of athletes to deny and mask postconcussive
symptoms so that they can return to play is similar to the tendency
of some soldiers to minimize postconcussion symptoms in order to
return to action with their “battle buddies.”

m There are significant differences in patterns of comorbid injuries and
conditions that occur in military blast injuries from those seen in
sports concussion. These include comorbid physical trauma such as
burns, complex fractures, and limb loss, as well as comorbid psycho-
logical injury associated with combat exposure.

® Decisions about return to duty must be made with the recognition that
residual cognitive impairment can significantly affect the response of
the individual to demanding combat-related contingencies and thus
may place other soldiers’ lives at risk.

BLAST WAVE PHYSICS

Explosive blasts produce transient pressure waves, which can reach the
speed of sound [10]. This is characterized by an initial high pressure wave
followed by a protracted low pressure wave. This has been well studied and
known to affect fluid- and air-filled structures (e.g., eyes, ears, lungs, and
gastrointestinal tract). Blast waves also may include heat and electromag-
netic waves, which can further disrupt metabolic process and injure tissue.

MECHANISMS OF BLAST-INDUCED TBI

Blast waves can cause TBI by several different commonly accepted mech-
anisms [1,11-21]. Primary, secondary, and quaternary mechanisms are
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generally considered unique to blast injury. The tertiary mechanism is
akin to traditional closed head injuries.

Primary injury represents the transduction of the blast wave itself,
which can disrupt tissues. The direct effect upon the brain is still poorly
understood and hotly debated. It is unclear if the direct effect of the
blast wave differs from more traditional causes of TBI in pathophysi-
ology, neurological damage, or upon recovery patterns [9]. The three
prevailing theories developed from animal models include:

m Transduction of blast wave through skull causing biochemical
dysfunction

® Vascular congestion from thorax injury causing transient pressure
oscillations in the brain [22]

m Retrograde cerebrospinal fluid pressure from compression in the
spinal column causing increased pressure in the cranial cavity

Secondary injury signifies the damage caused by objects traveling at
high rates of speed and striking the victim. TBI can be caused by:

® Penetrating head injury due to shrapnel or other foreign bodies
m Traditional closed head injury patterns with focal contusions and
diffuse axonal injury due to rapid acceleration and deceleration

Tertiary injuries occur when the individual is thrown from high rates
of speed and strike stationary objects. TBI is caused by traditional
closed head injury mechanics such as rapid acceleration and decelera-
tion in multiple planes.

Quaternary injuries represent effects from thermal and inhalation
injuries. Brain injury is thought to be caused by hypoxic or toxic effects
upon cerebral tissue.

ACUTE MANAGEMENT OF BLAST-RELATED
TBI IN FORWARD AND TACTICAL ENVIRONMENTS

In-theater medical care is directly affected by the situation at hand:

m Hostility within the tactical environment will dictate appropriate-
ness and completeness of care. A complete history and assessment
may be impossible because of the presence of heavy fire, chemical
or biological agents, and the need for movement. Combat Medics
are highly trained in the acute assessment and management of
TBI.

= In 2005, collaboration between the Defense and Veterans Brain
Injury Center and the Brain Trauma Foundation produced Guidelines
for the Field Management of Combat-Related Head Trauma [23].

Blast-related management of moderate to severe and penetrating TBI
is akin to traditional closed head injury. Stabilization of oxygenation,
circulation with aggressive fluid resuscitation, secondary assessment,
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and rapid evacuation are prioritized. Aggressive neurosurgical capa-
bilities are available to allow rapid surgical management.

m Glasgow Coma Scale (GCS) determination is highly important, although
difficult to obtain while in theater. Individuals with GCS < 13 are rap-
idly evacuated from the forward environment [23].

® Vasospasm can occur in up to 50% of individuals with blast-related
TBI [24]. Vasospasm can occur up to 2 weeks post injury. Individuals
with vasospasm incur a longer ICU stay and lower GCS scores upon
discharge [25].

m Secondary blast injury can include penetrating injury from a variety
of objects. Aggressive debridement and prophylaxis with broad-spec-
trum antibiotics is standard of care [26].

® Approximately 12% suffer early seizures after blast-related or pen-
etrating brain injury [25]. Long-term risk of posttraumatic epilepsy is
highest in those with penetrating head injuries; however, individuals
with closed head injuries are still at significant risk. If cortical damage
is seen on imaging, the risk is between 10% and 25%, but drops to 5%
when there is no injury visualized on imaging [27].

® Secondary survey includes assessment for ocular injuries, otologic
damage, respiratory injuries, colonic or ileocecal wall injuries, burns,
and orthopedic damage.

COMORSBIDITIES

Besides the combat-related psychological injury referenced earlier, blast
injuries are associated with higher risk of significant physical comorbidi-
ties including impairment to visual and auditory sensory function.

® Dual sensory impairment with involvement of both visual and auditory
function in association with an MTBI can occur due to both peripheral
and central etiologies.

® More than 60% of veterans of Operation Iraqi Freedom with history of
blast-related MTBI were found to have some degree of sensorineural
hearing loss [28].

m The presence of central auditory processing impairments appears to
be common in soldiers with blast exposure, although the underlying
cause is unknown.

m Research on veterans with blast-related and other forms of TBI found
that, in patients with moderate or severe TBI, 38.2% experienced an
associated ocular injury. Reduced visual acuity was found in 16.7%,
whereas 32.2% had visual field defects [29].

® Special expertise in auditory and visual rehabilitation is necessary for
the complete rehabilitation approach to blast-injured military person-
nel [28].
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CONCLUSION AND SUMMARY

» Individuals exposed to blasts are at a high risk for developing cogni-
tive, emotional, and physical impairments that affect community re-
entry. Given the predilection for damage to the central nervous system,
vulnerability of the sensory organs, and associated emotional trauma,
an integrated diagnostic and therapeutic approach is a necessity.

» Understanding blast effects upon the central nervous system is an
evolving science. Both the direct effects of the blast wave upon the
brain and the possible sequelae of repeated exposure are currently
debated and intensely investigated.
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Treatment and
Rehabilitation Services for
Mild to Moderate Traumatic
Brain Injury in the Military

Grant L. Iverson and Louis M. French

INTRODUCTION

® Traumatic brain injuries (TBIs) in the military can occur before, during,
or after operational deployment. Although most are mild in degree,
these injuries can result in serious short-term physical, emotional,
and cognitive symptoms, and sometimes result in long-term changes
in functioning.

® Many service members experience a combination of physical injuries,
psychological trauma, and mild TBI. A mild TBI and traumatic stress
reaction can occur as a result of the same event, or separate events.
Service members who are wounded in combat are at an increased risk
for chronic pain conditions [1], depression [2], and posttraumatic stress
disorder (PTSD) [3].

SCOPE OF THE PROBLEM

» The United States Department of Defense (DoD) classification system
for TBI is presented in Table 63.1. The estimated numbers of TBIs per
year, based on DoD surveillance statistics and stratified by severity,
are provided in Table 63.2.

= Postdeployment screening studies have yielded far greater estimates
for mild TBI in military personnel returning from Iraq and Afghanistan
(e.g., 11.2% to 22.8%) [4,5], although these estimates have methodologi-
cal limitations that limit their accuracy [6]. It is essential to appreciate
that screening positive for a mild TBI on a questionnaire is not defini-
tive evidence that the injury actually occurred. Moreover, screening
estimates do not yield data on the numbers of military personnel that
suffer from residual symptoms or cognitive deficits that are directly
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Table 64.1 US DoD Traumatic Brain Injury Classification System

Duration of Posttraumatic

Classification Unconsciousness AOC Amnesia
Mild <30 minutes A moment up to <24 hours

24 hours
Moderate 30 minutes to 24 If AOC > 24 hours, 1-7 days

hours then severity

based on other

criteria
Severe >24 hours >7 days

AOC, alteration of consciousness

attributable to a brain injury [6]. Follow-up clinical evaluations are
necessary to make such determinations.

COMORBIDITIES

® PTSD—A substantial minority of service members screen positive
for PTSD on postdeployment questionnaires [3]. Screening positive
for PTSD is associated with number of deployments [7], deployment-
related stressors [8], greater combat exposure [9], getting wounded
[10], sustaining a mild TBI [4], and greater general medical burden [11].
Careful diagnostic interviewing by a clinician results in more accurate
identification of combat-related PTSD and reduces false-positive diag-
noses [12,13]. Depression frequently co-occurs with PTSD in military
personnel [4,13].

m Depression—In postdeployment surveys, 5.7% to 15.7% of service
members screen positive for depression [14,15], although some sur-
veys of those in the Veterans Administration (VA) care system have
shown rates of 39% to 48% [106]. Similar to screening estimates for mild
TBI and PTSD, these prevalence estimates decline when screening is
followed by interviewing with a clinician [13]. Symptoms of depres-
sion are very similar to symptoms associated with postconcussion
syndrome [17].

= Amputation—Between September 2001 and January 2009, there were
1,286 service members who underwent an amputation. These individ-
uals often experienced other orthopedic injuries, internal organ inju-
ries, and/or brain injuries. Some of these service members developed
PTSD, depression, chronic pain, or a combination of these problems.
Individuals undergoing amputations are at significant risk for depres-
sion, anxiety, and body image problems [18].

®» Body image—Military personnel who suffer facial disfigurement, com-
plex scars to their limbs or torso, spinal cord injuries, or amputations



'$3[B) WOIJ PIIJBIIXD dI9M SIdqWINN "0T0Z ‘9T AN papeojumod
xdse sroquinN-1g,1,/310°01qap mmm//:d1y ‘101ua) AInfu] urelg SUBIDIOA PUE 2SUJR( 1994108

782C ¥/8¢ 87T I 6S 149 9¢ ¥ 6¢ LS S[qeyIssed JON
¥0% \Y4% 6v¢ 662 ¢T (1)£9 0LT €TT 062 1L2 Sunenausd
8¢T 9T¢ P61 981 1St <P L91 6yl 981 L ZA1 EXEVEN
6S0°¢ 666 9¢H¢ 87¢‘T 08T 0%2‘c 819C 8S0°¢ 9¢c¢ 154072 9JeIOpPOIN
6S8‘TT  8€07T  SLL'ST  686°C€T  8LLG HSOT S6LG 8668 GLLL 0%¢‘9 PIIIN
T98°LT  LSS'8T  TO0'CT  €L8°9T  STOTI  ILTCT  988CT  G69¥TI  0€8IT  €96°01 [eloL,
6002 800C L00T 9002 <S00¢T %002 €002 2002 100T 0007

6002-000 ‘AN 341 Ul saunfu] uteig dnewnel] Z'y9 d|qel



Military Treatment and Rebabilitation Services 427

frequently deal with psychological problems relating to their body
image. Psychological adjustment issues and problems associated with
body image can interfere with social and occupational functioning.
Chronic pain—Pain lasting more than 6 months is defined as chronic.
Chronic pain is a common problem in veterans [19], and it is frequently
comorbid with TBI [20]. People who suffer from chronic pain often
report subjectively experienced cognitive impairment [21], and they
are likely to report postconcussion-like symptoms in the absence of a
past mild TBI [22]. Those with chronic pain are also at risk for comor-
bid depression.

Insomnia—Problems with sleep often occur during deployment [23],
and they are commonly reported post deployment [24]. Persistent
problems with falling asleep, staying asleep, or waking too early can
occur as a primary insomnia condition or be associated with a comor-
bid condition (e.g., depression, PTSD, or chronic pain). Sleep problems
can be associated with obesity [25] or tinnitus [26]. People with chronic
sleep problems often report perceived cognitive problems [24].
Substance misuse and dependence—Substance misuse and depen-
dence can be a problem for service members and veterans. This prob-
lem can have an adverse effect on cognition, co-occur with mental
health problems, and cause problems with social and occupational
functioning.

Life stress and community re-entry issues—Some service members
struggle with resuming their home and work life and responsibilities
following deployment [27]. These problems can be compounded by the
stress of being deployed again after less than a year home. Repeated
deployments can contribute to PTSD symptoms [7]. This life stress can
contribute to substance misuse and mental health problems.

TREATMENT AND REHABILITATION SERVICES

In-theatre management of mild TBI:

m A clinical practice guideline sets out the procedures for manag-
ing an uncomplicated mild TBI during deployment (see Additional
Reading: Web Sites).

In-theatre management of moderate-to-severe TBI and military ech-
elons of care:

m Level I care is unit level care provided by medics at the point of
injury. Level II care involves the Forward Surgical Team, where
physicians can provide trauma life support and surgical stabiliza-
tion. Level III care is the Combat Support Hospital, which provides
intensive care unit and medical subspecialty care. This is also the
point for medical evacuation as necessary to level IV care. Level
IV care involves transport out of the war zone, usually en route
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to the United States. In this conflict, level IV care is at Landstuhl
Regional Medical Center in Germany. Level V care is represented
by a Military Treatment Facility (MTF) in the United States. Current
major MTFs include Walter Reed Army Medical Center, National
Naval Medical Center, Brooke Army Medical Center, Madigan Army
Medical Center, and Tripler Army Medical Center. In some cases,
following stabilization and treatment, specialized rehabilitation is
provided through the VA polytrauma care system [28].

® Guidelines for the in-theatre management of moderate to severe TBI
were developed by the Defense and Veterans Brain Injury Center
and the Brain Trauma Foundation in 2005. They can be found
at: https://www.braintrauma.org/pdf/protected/btf_field_manage-
ment_guidelines.pdf

= Recent military experience, especially as related to blast-related
head trauma, has highlighted the importance of aggressive treat-
ment of cerebral vasospasm [29], and the use of early decompres-
sive craniectomy for penetrating and severe closed injuries [30]. A
discussion of the evolution of the treatment of traumatic cerebro-
vascular injury during wartime can be found in Bell et al. [31].

® Service members who have experienced polytrauma may suffer from
chronic pain, insomnia, depression, and/or PTSD [1,32]. It is impor-
tant to aggressively treat chronic pain, and it is often helpful to focus
treatment and rehabilitation services on the comorbidities of chronic
pain and anxiety [33]. Depression frequently occurs following TBI, and
when present it can be associated with both anxiety and aggressive
behavior [34].

m General principles for providing treatment and rehabilitation services,
from the VA/DoD Clinical Practice Guidelines [35], are reprinted in
Table 63.3.

m For service members with complex comorbidities, treatment and reha-
bilitation services are often multimodal and interdisciplinary. Some
components are listed in the following:

m Medications (e.g., for sleep, headaches, bodily pain, and mental
health)

m Physical therapy [36], including treatment of vestibular problems
and dizziness

® Occupational therapy [37], including assessment and treatment of
cognitive dysfunction and its effect on activities of daily living

® Speech and language pathology—for the assessment of swallowing
disorders after severe TBI or polytrauma, especially involving the
face; and for the assessment and treatment of cognitive-communi-
cation disorders [38]

m Physical conditioning and exercise—moderate-intensity aerobic
exercise has been associated with positive effects on mood and
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Table 64.3 General Principles for Providing Treatment and Rehabilitation
Services

Treatment of somatic complaints (e.g., sleep, dizziness or coordination
problems, vision, fatigue) should be based upon individual factors
and symptom presentation

Headache is the single most common symptom and assessment and
management of headaches in individuals should parallel those for
other causes of headache

Medication for ameliorating the neurocognitive effects attributed to
mild TBI is not recommended

Medications for headaches, musculoskeletal pain, or depression or
anxiety should be carefully prescribed to avoid the sedating proper-
ties, which can have an impact upon a person’s attention, cognition,
and motor functioning

Treatment of psychiatric symptoms and problems should be based
upon individual factors and the nature and severity of symptom
presentation, and may include both psychotherapeutic and pharma-
cological treatment modalities

In patients with persistent postconcussive symptoms that have been
refractory to treatment, consideration should be given to other fac-
tors including psychiatric, psychosocial support, and compensatory
or litigation issues

Source: The Management of Concussion/mTBI Working Group. (2009). VA/
DoD clinical practice guideline for management of concussion/mild traumatic
brain injury (mIBI). Retrieved April 18, 2010, from http://www.healthquality.
va.gov/mtbi/concussion_mtbi_full_1_0.pdf

self-esteem, and it promotes a general sense of well-being. In clini-
cal populations, exercise has been shown to be a good adjunctive
treatment for depression and anxiety, and there is some evidence
that it is associated with reduced pain and disability in patients
with chronic low back pain [39]. There is evidence that exercise
promotes neurogenesis [40], and researchers are beginning to use
exercise as a treatment modality for people who are slow to recover
from a mild TBI [41].

m Psychological treatment—effective for reducing symptoms and
improving functioning in patients with PTSD [42], and there is
some evidence that psychological treatment can reduce symptoms
in patients with comorbid mild TBI and anxiety problems [43].
Psychological and behavioral treatments can also be effective for
improving sleep and reducing psychological distress in people with
insomnia [24].

® The primary goal of treatment and rehabilitation in military person-
nel who have persistent symptoms and comorbidities is to reduce
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symptoms and improve functioning. Specific reccommendations for
treatment and rehabilitation can be found in the VA/DoD Clinical
Practice Guideline listed under electronic references. Further informa-
tion about treatment of specific TBI-related conditions and comorbidi-
ties is as described elsewhere throughout this text.
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Management of
Traumatic Brain Injury
in the Older Adult

Sheital Bavishi and David Cifu

INTRODUCTION

This chapter will review the general aspects of traumatic brain injury
(TBD rehabilitation with a focus on the older adult (aged 65 and
older).

DEMOGRAPHICS ON AGING

In the United States, the proportion of the population aged 65 years and
older is projected to increase from 12.4% in 2000 to 19.6% in 2030. The
number of persons aged 65 years and older is expected to increase from
approximately 35 million in 2000 to an estimated 71 million in 2030, and
the number of persons aged 80 years and older is expected to increase
from 9.3 million in 2000 to 19.5 million in 2030 [1].

ETIOLOGY OF INJURY AND INJURY PREVENTION

Older adults (aged 65 and above) have the second highest rate of hospi-
talization for TBI. Falls are the leading cause of TBI for older adults (51%),
followed by motor vehicle traffic crashes (9%) [2].

Risk Factors for falls may be stratified: (1) chronic (i.e., neurological
disease, sensory impairment, dementia, general medical condition,
or musculoskeletal disease, particularly affecting the lower extremi-
ties), (2) short-term (i.e., episodic postural hypotension, acute illness,
alcohol use, or medication effects), (3) activity related (i.e., tripping
while walking, descending stairs, climbing ladders), and (4) envi-
ronmental (i.e., poor lighting, nonsecure throw rugs, or ill-fitting
shoes). Slow reaction time and walking pace can also predispose
older adults to motor vehicle accidents and pedestrian accidents,
respectively [2,3].
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MECHANISM OF INJURY

Falls, which are typically low velocity injuries, result in focal brain inju-
ries, most commonly subdural hematomas (SDH) and/or focal cortical
contusions [4]. Elders on anticoagulation have a higher likelihood of
having intracerebral hemorrhages after a fall. Motor vehicle crashes
may result in diffuse axonal injury (DAD), focal contusions, or SDHs [5].
Pedestrian-motor vehicle collisions frequently occur at crosswalks and
in parking lots. These accidents result in DAI, SDH, or focal contusions
but can also involve skeletal trauma and visceral injuries. Assaults and
violent acts, although rare, are increasing among elderly people, and may
result in focal contusions, skull fractures with SDH, epidural hematomas,
and intracranial bone or bullet fragments.

When compared with younger individuals, older adults most often
have an initial Glasgow Coma Scale score of 13 to 15 (i.e., mild TBD),
with a time from onset of injury to following commands usually at 1 day
or less. SDH is also more common in older adults than in younger indi-
viduals. Elderly individuals are particularly vulnerable to SDH because
bridging veins become more susceptible to shearing forces as the brain
naturally atrophies with advancing age. Because older adults more fre-
quently experience TBI due to falls, often resulting in focal cortical injury
(in contrast to high velocity events with more diffuse injuries), they spend
less time in coma as compared to younger individuals [6].

MORBIDITY

TBI in the older adult often results in a higher morbidity because of con-
comitant medical problems. These medical problems can be the determin-
ing factors for acute discharge planning to an independent rehabilitation
facility as compared to a skilled nursing facility. A brain injury physiatrist
should be involved from the initial hospitalization to assist in minimiz-
ing the effects of prolonged bedrest (i.e., prevention of pressure sores,
contractures, deep venous thromboembolism, cardiac deconditioning,
aspiration precautions, bowel/bladder management), as well as comor-
bidities, such as cardiovascular disease, diabetes, neuromuscular disease,
and dementia, which may have challenged function before injury.

COMMON COMORBID COMPLICATIONS

m Fractures—affect weight-bearing status and need for assistance

® Cardiopulmonary complications—low ejection fraction and vital
capacity can affect ability to participate in rehabilitation and live
independently
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® Pain—can be preinjury neuropathic, musculoskeletal or vascular pain,
or postinjury pain caused by trauma. Regardless of cause, pain must
be assessed and treated appropriately

» Swallowing—may be compromised from injury or preexisting pathol-
ogy (e.g., cerebrovascular accident), resulting in need for alternative
feeding methods or modified diet

® Polypharmacy—specific to older adults who may be on multiple prein-
jury medications and may have difficulty managing medication admin-
istration instructions

= Deep venous thrombosis prophylaxis and treatment—need to con-
sider both optimal timing of initiating prophylaxis as well as whether
fall risk mitigates against starting therapeutic anticoagulation

REHABILITATION

The rehabilitation approach to an older adult with TBI requires an under-
standing of preinjury level of functional deficits, medical comorbidities,
cognitive limitations, and behavioral issues. In addition to a thorough
medical review of the older adult, a detailed review of the elder’s social
support network is critical. This is a key factor to help focus the reha-
bilitation program, to help develop needed goals to facilitate discharge
planning.

Specific areas of focus in a rehabilitation program for the older adult
are discussed in the following sections.

Medication Management

The majority of the population above 65 years of age takes at least one
prescription medication daily, and over-the-counter medications are used
commonly. Medications may change in the acute and chronic recovery
periods. Therefore, medication education is important when transition-
ing a patient through the acute phase to rehabilitation and eventually to
discharge from a hospital setting.

Substance Abuse

Alcoholism is one of the most common mental disorders among elderly
men in the United States. Screening for substance abuse is vital in older
adults. Current treatments for substance abuse are designed for the
younger adult and are often held in group settings, which may not be the
best setting for the older adult. An aggressive, tailored treatment program
for substance abuse in the older adult is important. Family education is
a key component of these programs.
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Elder Abuse

Elder abuse has been increasing in prevalence, especially among those
with poor social support. Not only physical abuse, but also emotional (e.g.,
neglect), financial, and emotional abuse are increasing. The importance of
understanding a person’s social support and family education cannot be
emphasized enough in the rehabilitation program after a TBI [7].

Bladder and Bowel Continence

Normal aging may affect bladder function because of prostate hypertro-
phy (in men), pelvic relaxation (in women), decreased bladder capacity
with urinary frequency, and decreased capability to suppress bladder
contractions at low volumes resulting in urinary urgency [8]. TBI can
result in urinary incontinence related to an inability to sense bladder full-
ness, an inability to suppress the pontine micturition center’s automatic
emptying at key volumes, or increased frequency caused by a urinary
tract infection [9]. Assessment of preinjury voiding patterns is helpful in
discerning underlying pathology, independent of the effects of TBI.

As with the bladder, bowel routines are typically disrupted during
hospitalization. In the older adult, disruption of the bowel routine can
become a preoccupation unless properly addressed. Assessing preinjury
bowel routine is the first step in establishing goals. Continence should
be a significant focus of rehabilitation efforts in older adults, because
this can determine an individual’s independence and level of caregiver
burden.

Sensory Health

Vision

Normal aging is associated with changes in visual acuity and refractive
power, decrements in extraocular motion, increases in intraocular pres-
sure, decreased tear secretion, and decreased corneal and lens function.
Finding easily correctable visual problems can aid in the rehabilitation
process.

Hearing

Normal aging is associated with high frequency hearing loss and signal
distortion at higher frequencies, difficulty localizing signals needed for
binaural hearing, and difficulty understanding speech in unfavorable lis-
tening conditions. Traumatic injuries can result in disruption of the ossic-
ular chain, or cranial nerve VIII can be selectively damaged. Preinjury
hearing aids may be less effective, which can hinder the accurate commu-
nication needed to help older adults through the rehabilitation process.
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Smell

The olfactory nerve is the most frequently injured cranial nerve in a TBI.
Disruption of smell may affect an individual’s appetite and the ability
to detect burning objects. Home evaluation should include appropriate
placement of smoke detectors.

Taste

Normal aging is accompanied by the loss of lingual papillae, decreased saliva
volume, and relative decrement of taste acuity. Loss of smell caused by a TBI
may further impair the sense of taste, which can result in poor oral intake.

Touch, Vibration, Joint Position Sense

Position sense diminishes with age, and this can be accelerated by the
presence of peripheral neuropathy, which should be worked up and
treated/managed. Compensation techniques and assistive devices may
help an individual adapt to these impairments [10].

Behavior and Cognition

Dementia affects 3% to 11% of community-dwelling adults above the age
of 65, and 20% to 50% of adults above the age of 85. Preinjury cognition
and behavior as needs to be assessed in order to set appropriate reha-
bilitation goals. Neurostimulants, typically used to address arousal and
attention in patients with TBI, should be used with caution in those with
a history of arrhythmia [11].

Sleep Disturbance

Normalizing the sleep-wake cycle is important after a TBI. Behavioral
and environmental modifications are usually the first line for improv-
ing sleep. In considering medication management, note the following
considering specific to older adults: (1) diphenhydramine should not be
used owing to the risk for urinary retention and cognitive worsening;
(2) benzodiazepines should be avoided due to paradoxical reactions in
the elderly people; and (3) tricyclic antidepressants can cause postural
hypotension and urinary retention and are poorly tolerated.

Sexuality

Sexuality is commonly ignored in older adults, but at any age sexual-
ity can give someone a sense of self, capacity to show love and affec-
tion, and maintain relationships. Normal aging can result in physiologic
changes to the vaginal mucosa, erectile and orgasmic performance.
Sexual desire may change (increase or decrease) after TBI; therefore,
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it is important to screen for sexual and relationship concerns in older
adults. Sildenafil, tadalafil, and vardenafil are usually contraindicated
in older adults because of cardiac conditions, such as coronary artery
disease and hypertension [12].

Safety

Home evaluations are important to assess safety risks in the home to
prevent future injury secondary to falls or wandering.

AGING WITH TBI

After a TBI, there can be an earlier onset of Alzheimer’s dementia in a sub-
population of those already susceptible to it [13]. In addition, repeated TBIs
appear to predispose to accelerated degeneration of the brain, most classi-
cally seen in chronic traumatic encephalopathy [14]. Neuropsychological
impairments after a TBI in the older adult often parallel the changes with
normal aging, with diminished ability to attend, concentrate, and recall,
although long-term recall is more often affected with aging.

OUTCOME

Data from the National Institute on Disability and Rehabilitation Research
(NIDRR) TBI Model systems from 1995 to 2002 revealed that when com-
pared with individuals aged 50 years or younger, individuals aged 55
years and older had only a 5-day longer rehabilitation length of stay
and marginally higher costs but demonstrated greater disability as mea-
sured on the Disability Rating Scale (DRS) and Functional Independence
Measure (FIM), and a decreased percentage of return to a private resi-
dence at discharge. On the Supervision Rating Scale (SRS), individuals
aged 65 and above have demonstrated the need for a higher degree of
supervision for their day-to-day care 1 year post injury [15].

COMMUNITY REINTEGRATION

Mobility can often be impaired after a TBI. Rehabilitation programs
should focus on route finding, negotiating different terrains, and appro-
priate use of public transportation. This can help with an individual’s
ability to resume leisure activities and minimize feelings of isolation.

ADDITIONAL READING

Electronic Reference
http://biaoregon.org/seniors.htm
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Complementary and
Alternative Medicine in
Traumatic Brain Injury

Felise S. Zollman

BACKGROUND
Definitions

®» Complementary and alternative medicine (CAM)—a group of diverse
medical and healthcare systems, practices, and products that are not
generally considered to be part of conventional medicine [1].

» Conventional medicine—current accepted Western medical practice.

= Complementary medicine—modalities that complement—but don’t
replace—conventional medical interventions.

m Alternative medicine—modalities used in lieu of conventional medical
interventions.

Partial Listing of CAM Practices

Homeopathy/naturopathy; herbal medicine; aromatherapy; relaxation
techniques (meditation, hypnosis, music or humor therapy, guided
imagery); biofeedback; energy-based therapies (healing touch, reflexol-
ogy, Reiki, massage); craniosacral manipulation; electromagnetic ther-
apy (transcranial magnetic stimulation, crystals); movement therapies
(Alexander, Feldenkrais, Qi Gong, Tai Qi, Yoga); hyperbaric oxygen;
Chinese medicine/acupuncture. This chapter will focus on those areas
for which there is published data addressing use in those with TBI.

Published Data in TBI Exists for the Following

Meditation (Mindfulness)
Basic principles:

®» Mindfulness is a form of meditation, which involves attending to rel-
evant aspects of one’s experience in a nonjudgmental manner. The
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goal of mindfulness is to maintain awareness moment by moment,
disengaging oneself from strong attachment to beliefs, thoughts, or
emotions, thereby developing a greater sense of emotional balance
and well-being [2].

Mindfulness in traumatic brain injury (TBD:

Trisha Meili (the “Central Park Jogger”) describes learning to “live
inside again.” In contrast to prevailing medical views, Meili sees lack
of memory and insight as an opportunity to develop the ability to focus
on the present (“Here it is....This is my situation”), not as an impair-
ment to be overcome [3].

In a pilot intervention study, 10 subjects attended 12 weekly group
sessions consisting of meditation, breathing exercises, guided visual-
ization, and group discussion. Outcome: SF-36 (a widely recognized
life satisfaction scale in which higher numbers indicate greater satis-
faction) increased from 37 to 52 [4]

Tai Qi/Qi Gong (Also Known as Tai Chi, Chi Gong, Qi Quong)

Basic principles: Tai Qi, literally meaning “great energy,” is both a
healing art and martial arts discipline. Qi Gong literally means “energy
work.” Qi Gong generally involves slower movements, and is consid-
ered easier to perform; there is a specific focus on mindfulness and
physical health.

Tai Qi in TBI: while the literature is scant, two case series and one
case/control study showed beneficial effects with respect to motor
function [5], mood [6,7], and/or self-esteem [7].

Acupuncture
Basic principles:

From a Chinese medicine perspective, the human body is viewed as
a microcosmic reflection of the universe. The physician’s role is to aid
in maintenance of harmonious balance, both internally and in relation
to the external environment.

Vital energy, known as “Qi,” flows through channels, or meridians,
creating an interwoven network of circulation.

Meridians are a multilayered, interconnecting network of channels
or energy pathways that establish an interface between an individu-
al’s internal and external environments. These energy pathways are
named for organs whose realms of influence are expanded from their
conventional biomedical physiology to include functional, energetic,
and metaphorical qualities. Pathology involves disharmony/disrup-
tion of energy flow [8]. The relationship between these organs and
their broader spheres of influence is often represented via a Table of
Correspondences:
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Table 66.1 Table of Correspondences

Element Water Wood Fire Earth Metal

Season Winter Spring Summer Late Fall

summer

Associated Cold Wind Heat Damp Dryness

pathogen

Yin organ Kidney Liver Heart and  Spleen Lung

SNS“#

Yang organ  Bladder Gallbladder Small Stomach Large
intestine intestine
and PNS?

Primary Ears Eyes Tongue Mouth Nose

sense
organ

Body tissue Bone Ligaments Blood Muscles  Skin

and
tendons

Emotion Fear Anger Joy/Mania  Worry Grief

Taste Salty  Sour Bitter Sweet Spicy

Color Blue Green Red Yellow White

4 Sympathetic nervous system (also known as pericardium or master of the heart).
b Parasympathetic nervous system (also known as triple heater or triple burner).

Source: Adapted from Beinfield H, Korngold, E. Between Heaven and Earth: A
Guide to Chinese Medicine. New York: Ballantine Books; 1992.

m The five-phases approach to diagnosis: The dynamic energy balance
among pathways/organs can be viewed diagrammatically by arrang-
ing five elements, and the organs with which they are associated, as
follows (Figure 66.1, on facing page).

® Any of the correspondences (e.g., emotions, organs) from Table 66.1
can be overlaid onto this construct to understand the relative influ-
ence of one to the other. For example, the emotion of water is fear, the
emotion of wood is anger or irritability, and the emotion of fire is joy/
mania. The five-phases relationship tells us that fear nourishes anger
and controls (or mitigates) joy/mania.

Use of acupuncture in TBI:

® TBI from a Chinese medicine perspective: Two syndromes are typi-
cally recognized: Qibi (or blockage of Qi)—presents with an agitated,
hyperadrenergic state; Qituo (or exhaustion of Qi)—presents with
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Ke (or controlling)

Sheng (or regenerative) I
cycle

cycle

Figure 66.1 5-phases relationships.

unresponsiveness. Additional factors may include Kidney Yin defi-
ciency and Liver Yin deficiency/Liver Yang excess (capitalized organ
names represent both associated characteristic energetic qualities and
meridian pathway labels).

® Though the data is again scant, acupuncture has been reported to be of
benefit in TBI, both with respect to improvement in level of conscious-
ness, as well as outcomes [9,10]. One study in particular, an interven-
tional controlled study of subjects in coma, compared 17 subjects to
15 historical controls. Diagnoses included TBI and ruptured internal
carotid artery. Subjects within 1 week of injury underwent four acupunc-
ture treatments at 12-hour intervals: “A significantly greater number of
patients in the acupuncture group (59%) had a >50% neurological recov-
ery, than the patients in the no acupuncture group (20%) (P = .025).”
Study conclusion: Early acupuncture intervention may be a reasonable
adjunctive treatment for brain-injured patients [10]. Acupunture has also
been shown to be of benefit in treating insomnia Post-TBI [11].

ASSESSMENT

® Determine candidacy for a particular intervention.

m For meditation/mindfulness: Is the individual able to attend to the
mindfulness exercise? Is trying to develop focused attention more
likely to increase the patient’s frustration level, or is it valuable to
him/her to hone this skill?

® For Tai Qi/Qi Gong: Probably most appropriate for addressing bal-
ance/motor deficits, though there is a component of mindfulness
about movement that might (theoretically) aid attention as well.
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® Acupuncture: (1) Will the patient tolerate needle placement? For a
Rancho Level IV patient in particular, this may be a challenge. (2)
What is the goal of treatment? It’s important to identify specific
impairments or functional gains which are to be the focus of treat-
ment and monitor progress accordingly.

m Ensure that appropriately trained/qualified providers are available to
provide the service being considered. For example, acupuncturists
may be (1) physicians trained in medical acupuncture, (2) licensed acu-
puncturists (typically trained as Oriental Medical Doctors), and occa-
sionally (3) chiropractors. Physician acupuncturists may be located
via the Academy of Medical Acupuncture website [see Electronic
References]. Consider the medical complexity of the situation in iden-
tifying an appropriate provider: patients who have significant medical
comorbidities (such as someone with a moderate to severe TBI) may
be better served by seeing a physician acupuncturist, while someone
with residual sequelae of a mild TBI (e.g., headaches, fatigue) may be
just as well served by seeing a licensed acupuncturist.

TREATMENT

Meditation/mindfulness:

= Fundamental principle involves attending to the present and to
awareness of self. This process is undertaken in a nonjudgmental
fashion, observing our natural tendency for our mind to stray, then
returning to self-awareness [2].

m This process can be facilitated via breathing exercises, guided
imagery, and use of external cues (e.g., meditative object).

Tai Qi/Qi Gong:
m Both disciplines incorporate smooth, balanced movement with
mindfulness.
m Specific “forms” are intended to promote the smooth flow of Qi along
certain meridians and/or (particularly with respect to Qi Gong) for
the purpose of nourishing certain organs or organ qualities.

Acupuncture:

® The technique involves penetrating the skin with thin, solid, metal-
lic needles that are manipulated by the hands, using a heat source,
or by electrical stimulation [12].

® Acupuncture treatment is designed to restore the smooth balanced
flow of Qi through meridian channels and their associated organs.
This is accomplished through the manipulation of acupuncture
points, primarily via the use of needles.

= Acupuncture needles have unique bioelectrical characteristics:

m They are typically bimetallic (e.g., stainless steel shaft, copper/sil-
ver/bronze alloy handle) and therefore effectively create a battery.
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One needle inserted causes local agitation. Two or more needles
cause a directional current flow. Current flow can be enhanced with
the use of heat and electricity.

= Once needles are placed, they may be manipulated in one of the fol-
lowing ways: (@) no manipulation/neutral/dispersion; (b) manual ton-
ification (manipulation); (0) heat; or (d) electrical stimulation, which
facilitates the directed flow of Qi (electrons) (Figures 66.2—-66.4). Low
frequency electrical stimulation results in an endorphin-mediated
generalized effect. High frequency stimulation results in a monoam-
ine-mediated, more rapid onset, segmental response [8].

Figure 66.2 Dispersion. Source: From Ref. [8].

+

Figure 66.3 Tonification. Source: From Ref. [8].
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Figure 66.4 Directed flow of Qi facilitated with electrical stimulation.
Source: From Ref. [8].

m Risks/side-effects include bleeding/bruising, infection, needle
shock/fainting, nerve irritation, and puncture of an organ/vital
structure (very rare).

®m In general, acupuncture is a very safe and well-tolerated
procedure.
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Return to Work Following
Traumatic Brain Injury

Paul Wehman, Matthew Goodwin, Shane D. McNamee,
and Pamela Sherron Targett

BACKGROUND
Importance

Traumatic brain injury (TBID) results in cognitive, physical, and psycho-
social impairments that present barriers to return to work (RTW) [1].
The importance of successful RTW after a TBI cannot be overstated.
Survivors who RTW report an improved sense of well-being and iden-
tity, better health status, greater community involvement, less usage of
healthcare services, decreased social isolation, and better quality of life
[2]. With supportive legislation in place and the improvement of medical
and rehabilitation interventions, increasing numbers of TBI survivors
have had the opportunity to RTW [1].

Incidence

It has been estimated that among patients who were employed prior
to injury, 40.4% RTW at 1 year, and 40.8% at 2 years, with a range
reported from 0% to 84% across studies [3]. Several factors contribute
to the wide range of RTW rates, including varied classification of
severity of TBI, differing definitions of RTW, financial incentives that
promote or discourage RTW in different countries, and availability of
vocational rehabilitation services [4].

Durability

Review of US TBI model systems data revealed that 34% of survivors were
stably employed (i.e., employed at 1-, 2-, and 3- or 4-year follow-up), 27%
were unstably employed (employed at one or two of the three follow-up
visits), and 39% were unemployed at all three follow-ups [5].
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Rehabilitation Continuum of Care

The full spectrum of TBI rehabilitative services includes acute inpa-
tient rehabilitation, postacute rehabilitation, and community reentry and
RTW with assistance as indicated. Vocational assistance may range from
instruction on gaining employment to intensive on-the-job training, and
outpatient follow-up to help adapt to new challenges and access com-
munity resources [4,6].

Primary Treatment Models

These include comprehensive/holistic programs that feature work readi-
ness training and work trials [7], case coordination [8,9] and supported
employment [10-12]. All treatments are “individualized” to some degree;
more research is needed to determine unique effects of different treat-
ment approaches on long-term outcomes [6].

Effectiveness

Supported employment can improve outcomes for individuals with severe
TBI [12,13]. Those who go to work also seem to improve in nonvocational
areas. Work has therapeutic benefits including social interaction, provid-
ing structure and purpose in life, enhancing perception of quality life
and positively impacting self-concept.

Funding Sources for Vocational Interventions
These may include

m State vocational rehabilitation agency
® Insurance carrier
® Out of pocket

ASSESSMENT
Factors

A systematic review of the literature (1992-2008) for prognostic and
nonprognostic factors impacting RTW in nontraumatic and TBI indicates
the following: greater injury severity (Glasgow Coma Scale) and presence
of depression or anxiety are negatively associated with RTW; longer
inpatient stay, residual physical impairments, number/extent of injuries,
and limitations in activities of daily living performance also appear to
correlate with a reduced chance of RTW (Table 67.1) [3].
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Table 67.1 Some of the Risk Factors Associated With Unsuccessful RTW
for TBI

Age more than 40 years at Lack of awareness of available work
time of injury incentives

Unemployment pre injury Lack of job placement assistance

Low preinjury education level Inability to return to preinjury job

or employer

Unskilled manual laborer pre Lack of self-awareness
injury

Greater number of Poor social support network
neuropsychological deficits

Length of inpatient Psychiatric history and prior drug
rehabilitation stay or EtOH use

Length of coma Greater level of physical disability

From Refs. [1,4].

Note that RTW involves a complex interaction between premorbid
characteristics, injury factors, postinjury impairments, and personal and
environmental factors, making predicting outcomes only moderately
accurate [4].

Physical Examination

A thorough physical examination and diagnostic workup including neu-
roimaging and neuropsychological testing is necessary for accurate diag-
nosis of the physical, cognitive, behavioral, and emotional sequelae of
TBI. If returning to previous work, some type of release to return to duty
may be required. Having a member of the team conduct a thorough job
analysis can be very helpful.

Vocational Assessment

m Traditional vocational assessment, that is, a “place once and done”
approach, has not been effective for individuals with more significant
support needs [1,12].

® Functional vocational assessment: This assessment is designed to
determine RTW options and support needs. It may involve examining
the individual’s ability to return to preinjury employment; a new job
that capitalizes on use of the person’s residual skills either with pre
injury or new employer; or different type of job with new employer
[1]. Assessment includes interviewing the individual and/or caregivers
as well as a vocational situational assessment in a real (not simulated)
work setting.
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VOCATIONAL REHABILITATION INTERVENTION
Team Approach

This may include physiatry, vocational rehabilitation (including job coach
if severe disability), social work, physical therapy, occupational therapy,
vision therapy, speech therapy, and neuropsychology. Each discipline can
offer unique insight that can be integrated into the survivor’s RTW plan.
It is also important to get solicit input from the family and patient.

Client Instruction and Advisement

Client instruction and advisement involves providing the client with
information and instruction to assist with conducting a job search and,
once employed, use of compensatory strategies at work. Many individu-
als with TBI will not be able to profit from this office-based intervention
because of cognitive impairments.

Selective Placement

This involves job placement assistance followed by minimal interaction
and intervention. This approach assumes that neither intensive on-the-
job assistance nor ongoing support is necessary. Ongoing contact with
the individual may be maintained more closely than with the employer.

Supported Employment

Supported employment is effective in increasing employment among
those with TBI [12], with a job retention rate of more than 70% [14].
This approach is characterized by individualized employment support,
provided and/or facilitated by a vocational rehabilitation specialist some-
times referred to as a job coach [1]. These services are specifically tailored
to assist an individual with severe TBI with gaining and maintaining com-
petitive employment. This approach begins with a functional vocational
assessment, followed by an immediate job search (in place of prolonged
preemployment training or treatment) that is aligned with the informa-
tion gathered during client assessment and review of the employer’s
business needs. Once the job seeker is hired, the job coach facilitates on
and off job-site supports. On-the-job training is often provided, including
assisting the new hire with developing and learning to use various sup-
ports like compensatory memory strategies. The job coach gauges how
the new hire is progressing toward meeting the employer’s standards and
expectations and adjusts instructional strategies accordingly. Ongoing
long-term follow-up or job retention services are also provided through-
out the individual’s tenure. This could include assisting the employee
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with resolving novel challenges as they arise or new skills training if
indicated [1,3,4,12,13].

Workplace Supports

Some common physical, cognitive, and emotional impairments and pos-
sible workplace supports are described in the following:

m Physical impairments (e.g., seizures, heterotopic ossification, spastic-
ity) [15]: Some ways to help circumvent difficulties arising from physi-
cal sequelae of TBI include [16]

Developing a job that will utilize residual strengths versus merely
avoiding points of weakness

Selecting or modifying the work environment to ensure safety in
the event of the recurrence of a seizure or in the setting of balance
dysfunction and dizziness; teaching the client to recognize symp-
toms and take steps to “be safe”; educating the employer on reaction
to occurrence if appropriate

Rearranging the workspace to help accommodate decreased range
of motion and strength

Considering ergonomic modifications

Considering how pattern or sequencing of activities impacts speed
and accuracy, endurance and fatigue; making modifications where
feasible

Utilizing assistive technology and/or adaptive equipment if
necessary

® Cognitive and emotional impairments (e.g., memory impairment,
impaired attention/concentration, lack of self-awareness, disinhibited
behaviors). Some ways to help ameliorate cognitive, emotional, and
behavioral dysfunction at work include

Cognitive rehabilitation [4]

Cognitive behavioral therapy that focuses on developing mecha-
nisms for emotional and behavioral self-regulation and for develop-
ing self-awareness [4]

Employment supports [16]

Assistive technology

Procedural modifications or process reorganization (e.g., changing
sequence of tasks)

Compensatory strategies: for example, creating associations and
utilizing verbal rehearsing, check lists, flow charts, reference manu-
als, etc

Identifying/avoiding factors associated with triggering behaviors
Modeling positive interactions



Return to Work Following Traumatic Brain Injury 455

® Providing counseling on emotional distress and difficulty adjusting
to effects of injury

Additional Considerations

With the advent of supported employment, virtually no one should be
considered too disabled to work. Workshop settings, a place where indi-
viduals with disabilities congregate together to perform contract work or
to receive training, are not acceptable, nor are group models sometimes
referred to as enclaves or mobile work crews. Even individuals with
very severe injuries have been assisted to RTW through a supported
approach [1,2,4,12-14]. Awareness of the distinctions among these voca-
tional rehabilitation approaches is key, as TBI providers may need to take
aleadership role in ensuring that the survivor is directed toward services
that will lead to real work for real pay/competitive employment in every
appropriate circumstance.
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Resources for Traumatic
Brain Injury Survivors and
Caregivers

Donna Zahara

BACKGROUND
Need for Transitional Support

Many brain injury survivors and their families will require significant sup-
port as they transition from hospital or rehabilitation to home and com-
munity. While many will need support throughout their lifetime, the type
and amount of support needed is likely to change over time [1]. Because
the residual effects of each brain injury will have a unique impact on the
existing family unit, individualized transitional planning is important for
successful community reintegration [2], an important aspect of quality of
life [3]. As transitional plans are developed, it is useful to consider the gen-
eral domains of living: (1) activities of daily living, (2) vocational/school
reentry, and (3) leisure/social/wellness. Consideration also needs to be
given to available community resources. Although it is widely acknowl-
edged that many traumatic brain injury (TBD survivors and their families
need transitional support services following hospitalization, many do not
receive services due to the lack of availability [1] or because barriers exist
to accessing those services.

Barriers to Resource Access

Lack of Knowledgeable Providers

When developing a community support network for the survivor and
the family, it is important to find reputable, experienced, and knowl-
edgeable service providers. Most community programs simply do not
employ staff educated in brain injury. Medical professionals, psycholo-
gists, and even rehabilitation professionals may not have had experi-
ence with the TBI population or their needs. However, knowledgeable
staff can be found, and an effort should be made to identify them. For
example, many large park districts have programming for those with
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special needs; community mental health programs may have individuals
who have worked with the TBI population, and some counties may have
special community case management services available. In addition,
advocacy groups often have experience working with TBI survivors
and their families.

Financial/Funding Considerations

TBI affects not just the financial status of the survivor, but of the entire
family [4]. Lost wages are a consideration for the survivor, but may
affect the spouse or parent as well. Parents or spouses may become
primary caretakers of the TBI survivor, impacting their employment sta-
tus and the family’s financial well-being. The cost to provide in-home
care, outpatient rehabilitation, day care, and transportation services can
be quite high [6]. Equipment and medications can be costly as well.
Since these or other services may be required over a lifetime, the costs
can become significant. Historically, community services for TBI survi-
vors and their families have not been well funded in the public sector.
However, financial support opportunities for eligible families are avail-
able. See, for example, http://www.traumaticbraininjury.com/content/
fundingresources/tbi-funding-resources.html

Limited Local or Regional Resource Availability

The specific state or area in which the survivor/family reside may hinder
service access. Some rural areas do not have the resources of larger urban
centers. Also, states vary widely in the financial support made available
to survivors/families or to the providers who offer services to persons
with traumatic brain injuries.

RESOURCES

Although most resources for the TBI survivor and the family are accessed
at a local level, they are usually first identified through national informa-
tion sources. This resource list will therefore focus on general categories
of support needs and national resources, which can, in turn, lead to local
resource information.

TBI Education

The following organizations and centers provide Web-based access to TBI
educational materials of value to both consumers and professionals:

® Brain Injury Association of America (BIAA). http://www.biausa.org
® Brain Injury Resource Center. http://www.headinjury.com
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m Centers for Disease Control and Prevention. http://www.cdc.gov/
(Search: Traumatic Brain Injury)
® Disabilities Resources, Inc. http://www.disabilityresources.org

Medical

Ongoing medical management is important for most brain injury survi-
vors. Physicians who specialize in TBI may be identified through selected
professional organizations:

® American Academy of Physical Medicine and Rehabilitation. http://
www.e-aapmr.org/imis/imisonline/findphys/find.cfm

® American Academy of Neurology. http://patients.aan.com/finda-
neurologist

® Local academic medical centers may be able to assist in identifying
physicians who have speciality expertise in managing TBI.

m There are currently 16 TBI Model System Centers located throughout
the United States (see http://www.tbindsc.org/Centers.aspx). These
centers are recognized providers of expert care for TBI.

Neuropsychological/Psychological

Neuropsychological assessments should be conducted and interpreted
by those who have experience working with individuals with TBI.
Neuropsychologists can significantly enhance understanding of the
effects of the brain injury. In addition, psychologists who understand
the effects of sudden loss or change on family systems can also be help-
ful to survivors and families trying to cope with the effects of brain
injury. See:

= The American Psychological Association. http://www.apa.org (Search
by city/state—does not provide information by subspecialty)

® BIAA. http://www.biausa.org (Local offices often maintain lists of psy-
chologists/neuropsychologists with TBI experience.)

Neurorehabilitation

The ongoing rehabilitation needs of each survivor will vary accord-
ing to the residual effects of the brain injury. Home health services,
long term care/skilled nursing/subacute programs, day treatment
and outpatient programs are the usual categories of programs that
may be recommended for a survivor. One means of locating services
available in your area is through your state Brain Injury Association
chapter.
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Caregiver Support/Resources

Caregiver burden is widely discussed in the literature. The burden expe-
rienced by a caregiver of a TBI survivor—generally a family member—
may be particularly difficult given the lengthy recovery process and the
altered abilities and personality of the survivor [5]. Often, the caregiver’s
wellness is sacrificed when their need for support is not understood and
prioritized. Wellness, respite, and spiritual and social networking can be
important components of a caregiver support plan. Support groups for
the caregiver, as well as for the survivor, can be found throughout most
states and are often important sources of caregiver wellness information.
Your state BIAA chapter/affiliate is one helpful resource for locating
these groups. The following are also useful caregiver resources:

m Family Caregiver Alliance. http://www.caregiver.org/caregiver/jsp/
home. jsp

® The Rehabilitation Institute of Chicago—Life Center. http://lifecenter.
ric.org (click “Patient and Family Resource Guide Handouts”)

Advocacy/Legal

In seeking out and obtaining needed services, advocacy is often nec-
essary at some juncture. The advocacy role is generally played by the
spouse, parent, or caregiver.

= Every state and territory in the United States has a Protection and
Advocacy Agency. All of these agencies are part of a network known
as The National Disability Rights Network. A state-specific search for
your local agency can be initiated via http://www.napas.org/aboutus/
PA_CAP.htm

m For assistance with independent living, consider contacting Centers
for Independent Living, http://www.virtualcil.net/cils, which provides
links to independent living centers throughout the country.

m For legal information/resources see http://www.ada.gov/cguide.htm

Vocational

Supported employment interventions improve job placement and reten-
tion for TBI survivors [6]. Vocational counselors and job coaches expe-
rienced in working with TBI survivors can be an invaluable resource,
advocating with employers, recommending job modifications, and pro-
viding individualized retraining. Every state has a Department or Division
of Rehabilitation Services that may help with vocational support. The
following Web site may also be helpful: http://www.headinjury.com/
jobs.htm.
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Leisure/Social Networking for Survivors

Leisure and social relationships are often adversely affected by a TBI
[6]. Support groups, special “clubhouses” for survivors, and local park
districts can become core aspects of community reentry and social inter-
action. In additional to undertaking a Web site search under “Special
Recreation Associations TBI” or “Parks & Recreation TBI,” the following
resources can provide assistance:

» International Brain Injury Clubhouse Alliance. http://www.braininju-
ryclubhouses.net/. (choose “Find a Clubhouse Near You”)
= BIAA. http://www.biausa.org

Research

m Several “model systems” across the nation have been funded by the
National Institute on Disability and Rehabilitation Research to conduct
ongoing TBI research. Their studies can be accessed at http://msktc.
washington.edu/tbi

® To locate current clinical trials, http://clinicaltrials.gov (search TBID)

SPECIALIZED NEEDS
Military

Those who have served in the military and their families have access to
support through:

= DBVIC (Defense and Veterans Brain Injury Center). http://www.dvbic.
org/

m Department of Veterans Affairs. http://www.va.gov/

® Polytrauma Rehabilitation Family Education Manual. http://www.
hsrd.minneapolis.med.va.gov/FCM/PDF/FamilyEdMan.pdf

m Military healthcare (Tricare) benefit information. http://www.military.
com/benefits/tricare

Pediatrics/Adolescents

For children and adolescents, the major focus of community reentry
will be return to school. Issues related to Pediatric TBI and education
have been widely discussed [7,8]. Individualized supports and accom-
modations may be in place via federal and local laws. Families/caregiv-
ers should seek support to assure that an appropriate Individualized
Education Plan (IEP) is in place and reviewed regularly as required
by local law. Western Oregon University supports the Center on Brain
Injury Research & Training which contains information on IEPS
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(http://www.cbirt.org/tbieducation/formalized-support/iep-and-pro-
gram-development-tbi/). Neuropsychologists with expertise in pediat-
ric neuropsychological testing are good resources to assure appropriate
placement and support, especially for those children with cognitive
issues.

Mild TBI

Because mild TBI (MTBI) deficits are often subtle, individuals with MTBI
may not be easily identified and may be misunderstood by community
agency personnel. The following resources may be of use:

Centers for Disease Control and Prevention. http://www.cdc.gov/
ncipc/tbi

Physicians Tool kit. http://www.cdc.gov/concussion/HeadUp/physi-
cians_tool_Kkit.html
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Living With
Traumatic Brain Injury
From a Survivor’s Perspective

Jennifer Field

1 was 17 years old. From the age of 6, I had been a competitive rider on
the show circuit and was now at the Grand Prix level of show jumping.
I was champion in the Junior Jumpers at the Washington International
Horse Show in Landover, Maryland, and fresh off a third place win at
the Maclay Equitation Finals at the Madison Square Garden horse show.
My plan was to graduate early from high school and compete in Europe
with an eye to the Olympics.

But on a snowy Friday in November, I wasn’t thinking about any of that.
The year had ended in the competitive show world, and I could finally
take time for myself. My mother was leaving for the weekend and my boy-
friend Matt was coming up from Connecticut College; we had schemed
this secret rendezvous since our last time together at the Garden.

I skipped my last class to go home, change clothes, and make it back
to school to meet Matt. I couldn’t be late. Queen’s Under Pressure blasted
through my Black Saab 900 as I sped 55 mph down a winding country
road. A severe, early-winter storm was predicted and it was just begin-
ning to snow. I had lived in New Hampshire long enough to know that
these conditions were the deadliest—but I was not deterred. I could only
think of Matt.

Without warning, I hit black ice, skidded uncontrollably into the other
lane and collided with a tractor-trailer barreling toward me. The bumper
of the truck, towering above me, smashed the passenger-side rear window.
The impact was so severe, my seat collapsed and my head ricocheted back
through the driver side rear window. Glass was embedded in my skull. My
neck was twisted, the airway was blocked, and I had stopped breathing.

In that moment, life as I had known it was over. From then on, I would
become consumed with the search for a complete healing. At first, I wanted
the old me, to regain my old life. Now, 18 years later, I realize on that day I
was reborn. The intense training to become a champion rider would serve
me well in this new journey, not only through the many, often tedious
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and certainly challenging, years of traditional and alternative medicine,
therapies, spiritual healers, and physical training, but also in my creation
and development of a one-woman show, called “A Distant Memory,” which
traces my life before and after this life-defining accident.

I'm not sure how long I lay there, unconscious, unable to breathe, but
a volunteer firefighter was already in the area and arrived on the scene
after hearing about the accident on his CB radio. He knew from the posi-
tion of my head that I wasn’t breathing, and although a fire crew was try-
ing frantically to get me out of the car, the volunteer firefighter found the
strength to open the door and reposition my head so that I could breathe
again. The ambulance took me to the local community hospital where
the emergency team quickly assessed the severity of my injury and made
arrangements for me to be transported to a regional hospital.

I picked up the phone and a voice said, “This is the Monadnock Community
Hospital calling. Your daughter has been in an accident.” So I asked how
Jennifer was and the woman on the phone said, “I should really get the
doctor,” and I just went nuts. I just screamed and screamed and I guess the
doctor came on and I asked “Is she alive?” and he said, “Yes.” And then I
don’t think I could talk anymore.

Joanne Field—Jennifer’s mom

The doctors at the regional hospital had little hope for my survival.
Tubes were coming out of my body, wires were attached to monitors, and I
had a pressure gauge in my head. A renowned neurosurgeon from Chicago
had been flown to New Hampshire to see if there was something more that
could be done. After reading my CAT scan, he concluded that I could not
be moved, that I would survive, but I might never speak again.

Ilay in a coma for 3 weeks; I was on a respirator, my left arm and leg
pumped continuously, of their own volition, and because of severe tone,
my right arm curled inward and remained frozen for months. My vitals
had begun to stabilize and the pressure gauge measuring swelling had
been removed from my head.

Coma patients are evaluated on the Rancho Los Amigos scale, indicat-
ing the severity of the condition and the likelihood that the patient would
respond to, and benefit from, treatment. Using this one-to-ten scale, I
was ranked a “three.” Given that a “one” indicates a vegetative state, I
wasn’t doing very well.

I was being fed through a tube, and was nonresponsive, so doctors
suggested to my mom that she decorate my room with personal effects
to stimulate a response. My mom brought photos, a saddle, some of my
horse’s mane, and even some manure. None of it created the response
everyone was hoping for.

One morning, nurses were washing her face and I saw Jennifer’s left
eye open. Stunned, I told the nurse her eye had opened, but the nurse
said “Oh, Joanne, I know how badly you want this to happen...” and
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just at that moment, “bing!” her eye opened again. I went tearing
down the hallway of the hospital and told everyone in the waiting
room—and this hoard of family and friends came thundering down
the ICU, which was completely against the rules. Of course, both eyes
were closed by the time we arrived in her room and remained closed
for three days. And then, Jen opened her left eye and this time, it
remained opened.

Joanne Field

My first awareness of being awake was my “coming to” on the floor of
a blue padded room with Matt and my best friend, Kirstin, looking down
at me, and I had absolutely no idea who Matt was. Someone had to tell
me that he was my boyfriend.

I was put in that padded room as a safety precaution because as you
come out of a coma you can get really violent and either hurt yourself,
or someone else. It can be difficult for family members to watch a loved
one coming out of a coma, and I'm sure that it’s difficult, too, for families
to muster patience in the face of just how slow recovery can be: weeks,
months, even, as in my case, years.

I had sustained a diffuse, closed-head injury. Although the truck hit
the right side of my head, the whiplash was so severe that the left side
of my brain received the brunt of the trauma. The human body works in
diagonals. The left part of the brain controls the right side of the body;
the right controls the left. So when I eventually awoke, the right side of
my body was completely paralyzed. I couldn’t walk, talk, or use my right
arm. And my right eye was completely closed.

During this time, I wasn’t troubled by the severity of my condition. I
remember being calm and tranquil. My moment-by-moment experiences
were all I knew: My whole world was a blue padded room.

The rehabilitation schedule that followed my coming out of the coma
was a series of good and bad days, each one including numerous doctors,
specialists, therapists, exercises, tests, and evaluations. The good days
were filled with small hard-won victories and the bad days were filled
with insurmountable, soul-destroying and energy-sapping impossibili-
ties. Some of the tests were so simple, such as clipping clothes pegs to
an upright ruler, and yet I found this almost impossible to do. When I
achieved that task with my right arm, which had been a cement block of
severe tone, it was a tremendous victory.

Early in my rehabilitation, my mother went to Toys-R-Us and pur-
chased puzzles, word games, and cards, anything that would stimulate
my brain. She explained that although it might seem childish to me,
my brain had been damaged and we had to work together to reconnect
neural pathways by performing activities that had contributed to my
development years earlier. Somehow I innately understood that I needed
to heal my brain and challenge my neurological system. So, I was start-
ing my life over again as a toddler, joined at the hip to my mother. I was
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learning how to wipe my face, dress and feed myself, brush my hair, and
blow my nose, from the same woman who had taught me those basic
skills the first time around.

Meanwhile my speech was hardly audible: My voice was whispery and
my words were slurred and halting because of the cognitive challenge
of trying to track what I had just said at the same time as I was trying to
recall the word that meant what I hoped to say next. Suffice it to say, it
wasn’t easy for others to understand me.

At the culmination of long months of intensive rehabilitation, doctors
told my mother, “Your daughter will make all her improvements in the
first year and very few after that,” and, “Don’t you realize the severity of
your daughter’s injury? She will never get any better, this is it.” On the
verge of tears, my mother said nothing, but inside she thought, “No, this
can’t be it.”

Back home in Peterborough, New Hampshire, as my mother lay in bed
one night, a voice came into her head with the message, “Go downstairs
and get your alternative medicine books, and search for another way.”

This began a 2-year odyssey across the United States, to Mexico,
Canada, and Europe in search of therapies that could address the cogni-
tive and physical constraints that my mom and I were determined I would
overcome. Standard medical rehabilitation techniques had helped me to
regain a measure of function, but I was far from achieving even a sem-
blance of physical independence. During this next period of my journey, I
regained significant functionality from a combination of alternative ther-
apies, including craniosacral therapy, soft-tissue manipulation, osteopa-
thy, acupuncture, neuro-optometric rehabilitation, Neuropathways EEG
Imaging, nutrition, hyperbaric oxygen, various healers, and Continuum
Movement.

Experimenting with these modalities, and adjusting the degree of
emphasis on each practice in my rehabilitation regimen, I began to
increase my physical capacity and confidence—in my balance, in my abil-
ity to move and walk, in my capability to coordinate different functions,
in my reasoning and thought process, and, finally, in my speech.

Finding, practicing, and testing the many therapies became a full-time
job for my mom and me. It wasn’t easy, it wasn’t always fun, and it was
often tiring for both of us, even with significant support from family and
friends. Fortunately for me, diligence and unwavering determination
were qualities that my mom had in abundance.

Years later, I would overhear her saying to her friends, “When I look
back on my life, what gives me the most pride is Jennifer’s recovery.”

After 2 years of pursuing alternative therapies, I wanted more out of life.
I wanted to go to college, to be “normal.” I applied to Wheaton College,
was accepted, and began my freshman classes in 1995. It required long
hours of dedicated study on my part, extra help from others, and unlim-
ited time on exams, but the result was an important personal victory: I



Living With TBI: From a Survivor’s Perspective 467

graduated Magna Cum Laude in Art History in 2000. I was ready for my
next challenge.

I left New England and moved to my own apartment in Santa Monica,
California, in order to immerse myself in Continuum Movement prac-
tices, which I have found to be a vital tool for me to experience the
fullness of what it means to be alive. At this time, my speech was still
slow and halting—and word retrieval remained difficult. New people I
encountered often thought I was drunk, or high, when I spoke.

Not all of the therapies I had engaged in were centered around my
physical recovery. Some were about finding ways to express my “inner
experience” of dealing with the day-to-day grind and how long my recov-
ery was taking. Sometimes I became very frustrated with myself. When
you lose your physical independence and have to start relying on other
people for everything, you can feel helpless, “locked out,” and forgot-
ten. So, while searching for ways to express what was going on inside, I
began to write and paint.

I had never considered taking up a creative practice. I had absolutely
no idea if I were even capable of producing anything worth looking at
or reading, but I did it anyway and it was a tremendous help. The first
writing I did took the form of poetry, then my writing became more auto-
biographical. The colors I used in my paintings were expressive. Given
my struggle with impaired speech, engaging in creative expression was
a welcome change of pace.

From 2003 to 2006, I complemented writing, painting, and Continuum
Movement work with acting classes, studying the Meisner Technique with
The Ruskin Group Theatre Company. Acting was difficult for me at first,
because of the need to memorize my lines. But the Meisner Technique’s
emphasis on “living truthfully under imaginary circumstances” gave me
an additional outlet to express myself and deal with my head injury.
When a friend suggested, “Why don’t you turn what you’re writing into
a one-woman play about your life?” I just laughed, but that’s exactly
what I did.

I have performed my one-woman show, “A Distant Memory,” in the-
aters and at colleges, high schools, hospitals, rehab centers, and confer-
ences since 2006. The act of performing and repeating my story has
strengthened my verbal skills, which continue to improve to this day.
And it has helped me to build my confidence. Coming offstage after my
very first performance of the show, I remember saying to John Ruskin,
the director of the theater, “I have found the feeling I had when entering
the ring on my horse to compete.”

As John Lennon wrote, “Life is what happens while you’re busy mak-
ing other plans.” I had my goal of riding and show jumping, but during
my years of recovery, I started to realize that in my pursuit to become
“normal,” to get back to my “old self” and the life I had before the acci-
dent, I was actually living my life. As I grew to appreciate the meaning
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of this, it became easier to welcome new challenges and improve upon
the life I was building. And I think that is the basis of a pretty “normal”
and satisfying life.

When it first happened, everyone thought of my accident as “the hor-
rific tragedy” that I would never really recover from. Well, I have recov-
ered, and the more time passes, the more I find it difficult to use the
words “accident” and “tragedy” to describe what happened to me. I have
come to believe that in rising to overcome difficulties, our lives become
enriched and we grow.

I think angels come into our lives in many different forms. Even in
the forms of “tragedies” and “accidents.” Not to punish, but to teach us.
Maybe hitting that truck was a harsh and dramatic way to learn a les-
son. I can’t know what my life would have been like, or what kind of
person I would be, if I had never had this challenge to overcome, but I
am completely certain that this experience has helped me to develop a
rich spiritual and emotional life. I doubt I would have achieved this on
the course I was originally headed.

Years after the accident, I believe that a key to my healing was a convic-
tion that both my mother and I developed: There is always an alternative.
It may not be immediately apparent. You may have to search for it. But
it’s there.

You see, my own road to recovery began after someone else, who had
been in this same situation, reached out to help me. My mother received
a phone call 2 days after my accident from a woman whose daughter
had suffered a similar brain injury in a fall from a horse. This daughter’s
mother said to my mother, “Don’t listen to everything the doctors say.
Stay with your daughter. DO NOT leave her. She will get better.”

That woman was right. No one with a traumatic brain injury should
ever have to accept someone saying, “You can’t,” “That’s not going to be
possible,” “That’s all that is available to you,” or “That’s all that can be
done, you must learn to live with it.”

My position, borne of experience, persistence, and hard work, is that
you don’t have to “just live with” the devastation of traumatic brain
injury. There are always options. There is always hope. There is always
possibility.

To learn more about Jennifer Field and the JField Foundation, visit jfield-
foundation.org.
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Diffusion weighted imaging (DWI),
158, 312
Digital subtraction angiography
(DSA), 375
Diphenhydramine, 258, 438
effect on sleep, 358
for insomnia, 361
Diplopia, 237
Direct-acting skeletal muscle
relaxants, for PAID, 333
Disabilities Resources, Inc., 459



Disability, 25-26
assessment of, 148
evaluation and PTSD, 137
and mild TBI, 26
and moderate to severe TBI, 26
Disability Rating Scale (DRS), 18,
19t, 439
Disability severity versus injury
severity, 290
Disequilibrium, pharmacologic
treatment for, 123
Disinhibited behavior, 249
Disodium etidronate, for heterotopic
ossification, 319
Disorder of Consciousness Scale
(DCY), 21
Disorders of consciousness (DOC),
199-204
assessment, 20-21
Coma/Near Coma Scale, 21
Disorder of Consciousness
Scale, 21
JFK Coma Recovery Scale, 21
coma, 200
definition of, 199
differential diagnosis, 199
evaluation patient, 199-200
minimally conscious state, 201-202
pain management in patients
with, 264
pathophysiology, 199
treatment, 202-204
nonpharmacological, 202, 204
pharmacological, 202
types of, 199
vegetative state, 200-201
Diuretics, 155
Dix-Hallpike test, 95, 218
Dizziness/balance, 93-95
classification, 93
definition, 93
diagnosis
clinical presentation, 94
examination, 94-95
laboratory and radiologic
assessment, 95
epidemiology, 94
pathophysiology, 94
treatment, 95
pharmacologic, 123
Dizziness Handicap Inventory, 95
Doctors of optometry, definition of, 237
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Donepezil
for Alzheimer’s disease, 111
for cognitive impairment, 258
Dopa agonists, for tics, 340
Dopamine agonists, 253, 258
for PAID, 333
for tics, 340
Dopamine blockers, 196
Dopaminergics. See also Dopamine
agonists
for apathy, 261
for behavioral dyscontrol, 261
for cognitive impairment, 258-259
Doppler ultrasound, 373
Dorsal root entry zone—otomy (drez-
otomy), for spasticity, 349
Driving assessment, 225
Duloxetine
for mood disorders, 122
for pain management, 267
Dynamic Gait Index, 94, 218
Dysautonomia. See Paroxysmal
autonomic instability with
dystonia (PAID)
Dysautonomic headache, 365
Dysphagia, 229-232
assessment
bedside swelling evaluation,
230-231
instrumental evaluation, 231
risk factors, 230
signs and symptoms, 230
definition, 229
epidemiology, 229
etiology, 229
management
compensatory procedures, 231-232
swallowing therapy, 232
pathophysiology, 229-230
Dyssomnias, 357
Dystonia, 338-340

Economists, and life care
planning, 397-398
life care plan information for, 397¢
Ectopic bone, 317
Edema, brain, 152, 162, 163f
Education
for alcohol misuse, 407, 408t
and cognitive assessment, 243-244
for postconcussion syndrome, 120
for sleep hygiene, 120¢
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Efferent (motor) pathways
damage, and sexual dysfunction, 278
Elder abuse, 437
Electrical stimulation techniques, for
pain management, 268
Electroencephalography (EEG), 85,
300, 353
Emergency department management.
See Initial trauma care
Emotional changes, and sexual
dysfunction, 279
Emotional impairments, workplace
supports for, 454-455
Emotional incontinence, 261
Employers’ Liability Act (1906), 389
Encephalocele, 168
Endocrine abnormalities, 196
Endocrine dysfunction, 323-328.
See also Posttraumatic
hypopituitarism (PTHP)
endocrine status, assessment and
management, 325-327, 328f
pituitary gland, anatomy and
physiology, 323
Endocrine status, assessment and
management, 325-327
Endovascular procedures,
for TCIA, 376
Enteral nutrition (EN), 187
Environment
patient, changes in, 234
and performance, 224
Epidemiology of TBI, 25-27
demographics, 27
causes, 27
risk factors, 27
incidence and prevalence, 25-27
costs, 27, 390
disability, 25-26
mortality, 25
Epidural hematomas (EDHs), 4-5, 5/,
161, 161f, 169-170
Epworth Sleepiness Scale, 358
eRehabData.com, 209
Ergotamine derivatives, for
posttraumatic headache, 368
Escitalopram, for depression, 259
Ethics, 412-415
biomedical principles, issues to
consider, 413-414
clinical analysis, factors to consider
in, 414-415

definitions, 412
issues, 412-413
quality of life, 413
sense of self and personhood, 413
Excessive daytime sleepiness, 91
Exercise, 428
for pain management, 268
for postconcussion syndrome, 121
for insomnia, 360
Expert witness versus fact witness, 401
Explosive blasts. See Blast wave
physics
Exposure therapy, for PTSD, 136
External ventricular drain (EVD), 175
Extracerebral hemorrhagic lesions.
See Brain imaging in
moderate to severe TBI
Extracerebral lesions. See Brain
imaging in moderate to
severe TBI
Extracorporeal cooling, for
hyperthermia, 183
Extracranial carotid artery
dissection, 372
Extracranial vertebral artery
dissection, 372-373
Extrapyramidal side effects
(EPS), 260
Eye movement desensitization and
reprocessing (EMDR),
136-137

Face, Legs, Activity, Cry,
Consolability scale, 211
Facial (VID) nerve palsy, 168
clinical presentation, 298
diagnostic evaluation, 300
management, 301
physical examination, 299-300
prognosis, 298
Facilitative services, and community
integration, 292
Fact witness versus expert
witness, 401
Falls, 37-38
in children, 37
in older adults, 37-38, 434, 435
Family
education, 289
issues, 291
Family Caregiver Alliance, 460
Famotidine, 197



Fatigue, 91-93, 244
classification, 91
definition of, 91
diagnosis
clinical presentation, 92
examination and laboratory
assessment, 92
epidemiology, 92
pathophysiology, 92
pharmacologic treatment for,
122-123
after sports-related concussion, 58
treatment, 92-93
Fatigue Impact Scale, 92
Fatigue Severity Scale, 92
Federal Employer Liability Act
(1908), 389
Feeding. See Nutritional
considerations
Fentanyl, for ICP management, 177
Fiberoptic Endoscopic Swallow
Study, 231
Field management. See
Prehospital care
Fiorinal, for posttraumatic
headache, 368
Fistulas, carotid cavernous. See
Carotid cavernous fistulas
Flouxetine, for fatigue, 123
Fluid-attenuated inversion-recovery
imaging (FLAIR), 312
Fluorodeoxyglucose-positron
emission tomography
(FDG-PET), 110
Fluoroscopic Swallow Study, 231
Fluoxetine
for mood disorders, 122
for posttraumatic headache, 368
Focal visual process, 238
Football, injury prevention
recommendations, 31
Forward surgical team, 427
Fosphenytoin
for posttraumatic seizures, 313
for seizures, 155
Fractures, 218
skull, 6
“FRAMES” method
for alcohol misuse, 408-409
Frontal Assessment Battery, 250
Frontal lobe injury, 248
and sexual dysfunction, 277-278
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Functional Assessment Measure
(FAM), 20
Functional imaging, brain, 83-88.
See also Brain imaging in
mild TBI
Functional independence,
regaining, 225
Functional Independence Measure
(FIM), 18, 20, 213, 439
Functional magnetic resonance
imaging (fMRI), 84-85,
159-160
Functional mobility, 218
training, 219
Functional neuroimaging, in
vegetative state, 201
Functional status assessment, 18-20
Functional Assessment Measure, 20
Disability Rating Scale, 18, 19¢
Functional Independence Measure,
18, 20, 213, 439
Functional stereotactic surgery, for
dystonia, 339

GABA agonists
for insomnia, 361
for PAID, 333
and sleep, 358
Gabapentin
for dystonia, 339
for PAID, 333
for pain management, 267
for posttraumatic headache, 368
for spasticity, 348
for tremors, 338
for whiplash-associated disorders, 97
Gait
assessment, 218
training, 220
Galantamine, for Alzheimer’s
disease, 111
Galveston Orientation and Amnesia Test
(GOAT), 20, 234, 235t, 245
Gastrostomy tubes, 187
Gender. See also Women
and MTBI incidence, 390
and recovery from concussion, 62
Generalized tonic-clonic seizures. See
Posttraumatic seizures (PTS)
Genetic factors, and recovery from
concussion, 62
Ginkgo biloba, for fatigue, 93
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Glasgow Coma Scale (GCS), 4, 4t,
16-18, 153-154, 200, 271,
2721, 402, 420
for infants and children, 381, 382¢
limitations, 16-17
outcomes assessment, 17, 18, 18¢
Gliosis, 8
Glossopharyngeal (IX) nerve palsy
clinical presentation, 298
management, 301
physical examination, 300
Glottic incompetence, 301
Glucocorticoid deficiency, 326
Glutamine, and nutritional
supplementation, 189
Glycemic control, 188-189
Gonadotropin deficiency, 326-327
Gravitational shunts, 306
Growth hormone (GH)
deficiency, 326
Guidelines for the Field Management
of Combat-Related Head
Trauma, 419

H2 Blockers, 197
Haloperidol, 196, 251, 252, 258
Headache
pharmacologic treatment for, 122
posttraumatic
classification, 364
definition, 364
diagnosis, 365-367
epidemiology, 364
pathophysiology, 364
treatment, 367-369
and recovery from concussion, 63
after sports-related concussion, 58
Head rotation technique, for
dysphagia, 231
Head tilt technique, for dysphagia,
231
Helmet use, 36-37
Hematomas
epidural, 4-5, 5f, 161, 161f, 169-170
intraparenchymal, 163
subdural, 5, 5, 160, 160f, 171
Hemiballism, 341
Hemorrhage
arterial epidural, 167
intracerebral, 170-171
intracranial, 166-169
intraventricular, 6, 161, 171-172
subarachnoid, 6, 161

tissue tear, 163, 164
traumatic subarachnoid, 6, 6f
venous epidural, 167
Heparin, for DVT, 195
Herbal supplements, for insomnia, 362
Herniation, 174
Heterotopic ossification (HO), 316-320
classification, 316
definition, 316
diagnosis
bloodwork, 318
clinical presentation, 317
physical examination, 317-318
radiography, 318
risk factors, 317
epidemiology, 316
management
medical management, 318-319
physical modalities, 318
radiotherapy, 320
surgical intervention, 319-320
pathophysiology, 316-317
enhanced osteogenesis, 317
neurogenic factors, 316-317
timeline, 317
Hexamethylpropyleneamine oxime
(HMPAO), 84
Homonymous hemianopsia, 237-238
Hopkins Competency Assessment
Test, 284
Horner’s syndrome, 372
Hydrocephalus, 303-307
classification, 303
definition, 303
diagnosis
clinical presentation, 304
computerized tomography, 304
magnetic resonance imaging, 304
supplemental and invasive
assessment, 304
epidemiology, 303
pathophysiology, 303
treatment
initial management, 305
shunt complications, 305-306
Hydroxyzine, 258
Hyperactivity, and cellular
response, 11
and cellular dysfunction/
apoptosis, 12
during secondary injury, 11-12
Hyperekplexia, 341
Hyperglycemia, 184



diagnosis and treatment, 184
Hyperkinetic movement disorders,
337-341
dystonia, 338-340
myoclonus, 340
tics, 340-341
tremor, 337-338
Hyperoxia, toxicity of, 182
Hyperpyrexia associated with muscle
contraction. See Paroxysmal
autonomic instability with
dystonia (PAID)
Hypersexuality, 277
Hyperthermia, 183
diagnosis and treatment, 183
Hypertonic saline (HTS), 150, 155
for ICP management, 177
Hyperventilation, 155, 183
for hypoxemia, 181
for ICP, 176
Hypnotics, for PTSD, 136
Hypoactivity, and cellular response, 11
and cellular dysfunction/
apoptosis, 12
during secondary injury, 12
Hypocapnia, 183-184
diagnosis and treatment, 185
Hypoglossal (XII) nerve palsy
clinical presentation, 299
management, 302
physical examination, 300
Hypoglycemia, 189
Hypokinetic movement disorders, 341
Parkinsonism, 341
and repeated head trauma, 341
Hypoperfusion, 162
Hypotension, 182-183
Hypothalamic-midbrain dysregulation
syndrome. See Paroxysmal
autonomic instability with
dystonia (PAID)
Hypothalamopituitarism, 196
Hypothermia, 385
Hypoxemia, 149, 181-182
diagnosis and treatment, 181-182
Hypoxic-ischemic injury, 162-163

Iatrogenesis, in postconcussive
disorder, 128-129

Ibuprofen, for posttraumatic
headache, 368

Ice hockey, injury prevention
recommendations, 31
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Immediate Postconcussion
Assessment and Cognitive
Testing (ImMPACT), 104
Immunonutrition, 189
Improvised explosive devices
(IEDs), 417
Incontinence, 194, 213-214
in older adults, 437
Indomethacin
for heterotopic ossification, 319
for posttraumatic headache, 368
Inheritance, genetic
as risk factor for AD, 109
Initial rehabilitation interventions,
192-197
agitation, 192-193
bowel and bladder, 194
contractures and spasticity, 193
deep vein thrombosis
prophylaxis, 195
endocrine abnormalities, 196
medications to be avoided, 196-197
nutrition/swallowing status, 193-194
pain, 194-195
seizure prophylaxis, 195
Initial trauma care, 152-155
clinical presentation, 153
controversies, 155
diagnostic examination, 154
initial management, 154-155
laboratory studies, 154
pathophysiology, 152
physical examination, 153-154
symptoms, 153
Injection therapy, for pain
management, 268
Injury severity
characterization of, 16-21
consciousness disorders
assessment, 20-21
functional status assessment,
18-20
Glasgow Coma Scale, 16-17,
18, 18¢
issues in, 16
outcomes assessment, 17-18, 18¢
posttraumatic amnesia
assessment, 20
Rancho Los Amigos Levels of
Cognitive Functioning, 17
versus disability severity, 290
Insight, lack of
and behavior, 249
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Insomnia, 358-362
clinical presentation, 359-360
definition, 358
diagnosis, 358-359
epidemiology, 358
management, 360-362
behavioral and environmental
interventions, 360
pharmacological treatment
options, 360-362
mechanism, 359
in military, 427
Insomnia Severity Index, 358
Instrumental activities of daily living
(IADLs), 223, 224
Insulin therapy, for
hyperglycemia, 184
International Brain Injury Clubhouse
Alliance, 461
International Classification of
Diseases, 10th Revision
(ICD-10), 113
criteria for postconcussion
syndrome, 114
International Headache Society
Classification of
Headache, 365
International Statistical Classification of
Diseases and Related Health
Problems (ICD-10), 126
International Symposia on
Concussion in Sport, 30
Intracerebral hemorrhage, 170-171
lesions, 163
intraparenchymal hematomas, 163
parenchymal contusions, 163
tissue tear hemorrhages, 163
Intracerebral nonhemorrhagic
lesions, 162-163
edema, 162, 163f
hypoxic-ischemic injury, 162-163
parenchymal contusions, 162, 162f
Intracranial hemorrhage, 166-169
epidemiology, 169
locations and management, 169-172.
See also individual entries
Intracranial pressure (ICP)
causes, 174
diagnosis
clinical presentation, 175
radiographic assessment, 175
elevated, 149-150, 174-178

and headache, 365-366
pathophysiology, 174
radiographic assessment, 366
treatment, 175-178
cerebral oxygenation, 178
initial management, 175-178
Intraparenchymal hematomas, 163
Intraparenchymal ICP monitor, 175
Intrathecal baclofen pump
for dystonia, 339
for spasticity, 349
Intravascular cooling catheters, for
hyperthermia, 183
Intraventricular hemorrhage (IVH),
6, 161, 171-172
Iontophoresis, for pain
management, 268
Ischemia, 78
Isoniazid, for tremors, 338

JFK Coma Recovery Scale (CRS), 21
-Revised (CRS-R), 200

Justice, 414
definition of, 412

Ketamine, for pain management, 267
Ketazolam, for spasticity, 348

Labetolol, for PAID, 333
Labyrinthine concussion, 93
Labyrinthine exercises, 300
Lacrosse, injury prevention
recommendations, 31
Lamotrigine
for maniac syndromes, 354
for pain management, 267
Law suits, involving TBI individuals,
400-401
Level of arousal, assessment of, 245
Levels of Cognitive Functioning Scale
(LCF9S), 17, 17t
Levetiracetam
for myoclonus, 340
for pain management, 267
for posttraumatic seizures, 312, 313
for tremors, 338
Levodopa/Carbidopa
for PAID, 333
for Parkinsonism, 341
for tremors, 338
Licensed sex therapy, for sexual
dysfunction, 280



Lidocaine, for spasticity, 349
Life care plan, 393-398
definition of, 393
generation of, 394-398
elements, 394-395
procedures, 397-398
team members, 395-397
individuals appropriate for, 393-394
information for economist, 397¢
Life stress, in military, 427
Liquids, changes for oral sensory
awareness, 231
Lithium, for maniac syndromes,
260, 354
Living with TBI, survivor’s
perspective, 463-468
Longitudinal care, 206
Long-term follow-up and care, 289
Lorazepam, 251. See also
Benzodiazepines
for ICP management, 177
for posttraumatic seizures, 313
Loss of consciousness (LOC), 68
after sports-related concussion, 58
Loss of motor control, 244
Low-molecular-weight heparinoid
(LMWH), for DVT, 195

MacArthur Competence Assessment
Tool for Treatment
(MacCAT-T), 284

Magnetic resonance angiography
(MRA), 373, 375

Magnetic resonance imaging (MRI),
74, 79, 82, 83, 110, 158,
164, 165, 300, 304, 312,
367, 375, 376

Magnetic resonance spectroscopy
(MRS), 85

Magnetic resonance venography, 158

Magnetoencephalography
(MEG), 85, 86-87f, 88

Major depression, post-TBI

differential diagnosis of, 352-353

Manic syndromes, 259-260, 353

treatment, 354
Mannitol, 150, 155

for ICP management, 176
Mean arterial pressure (MAP), 182
Meclizine

for balance/dizziness, 95

for dizziness, 123
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Medical case manager (MCM). See
Case manager
Medical competence. See Decisional
capacity
Medical-legal considerations in TBI,
400-403
fact witness versus expert
witness, 401
law suits involving individuals with
TBI, 400-401
in mild TBI, 402-403
in moderate to severe TBI, 402
treating clinician in TBI litigation,
401-402
Medical rehabilitation, for
work-related TBI, 391
Medication management
in older adults, 436
Meditation, 442-443,
445, 446
definition of, 442
use in TBI, 443
Melatonin
for insomnia, 360, 361, 362
and sleep, 358
Memantine
for Alzheimer’s disease, 111
for pain management, 267
Memory impairment. See Cognitive
impairment
Mental status exam, 245
Metacognitive strategy training,
225-226
Methylphenidate, 202
for apathy, 261
for cognitive impairment, 258
for fatigue, 93, 123
and sleep disturbances, 358
Metoclopramide, 196
Metoprolol
for agitation, 193
for behavioral dyscontrol, 261
for posttraumatic headache, 368
Midazolam
for ICP management, 177
for PAID, 333
Migraine headache, 365
physical examination, 366
radiographic assessment, 367
Mild cognitive impairment (MCI)
and MTBI, 108
physiopathology, 108
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Mild traumatic brain injury (MTBI),
4. See also specific entries
cellular neurobiology, 46
clinical diagnosis, 45
cognitive impairment and
recovery, 67-68
complicated vs. uncomplicated,
45, 68
vs. concussion, 43-46
ACRM definition of, 44¢
misconceptions relating to, 44t
definition of, 58, 126
diagnostic criteria, 44
disability and, 26
early intervention, 68, 69
initial medical evaluation and
management, 51-56
diagnosis, 51
discharge instructions, 55
fist 24to 48 hours after injury,
55-56
follow-up, 56
high risk, 53
laboratory studies, 52
radiographic assessment,
52-53
risk factors, 51-52
treatment, 53-54
objective outcome measures, 403
repeated, 72-75
chronic traumatic
encephalopathy, 74-75
clinical manifestations, 73
diagnosis, 74
epidemiology, 72-73
physiopathology, 73
second, 8
symptoms of, 65-67
terminology, 46
Military, mild to moderate TBI in,
424-430
comorbidities, 425-427
treatment and rehabilitation
services, 427-430, 429t
in-theatre management, 427-428
in 2000-2009, 426¢
Military personnel, special
considerations for, 417-421
blast-induced TBI
mechanisms of, 418-419
management of, 419-420
comorbidities, 420

blast wave physics, 418
sports concussion and, 418
Military treatment facility (MTF), 428
Mindfulness. See Meditation
Minimally conscious state (MCS),
201-202. See also Disorders
of consciousness (DOC)
clinical features associated
with, 203t
emergence from, 201
misdiagnosis, avoiding, 201-202
patients, rehabilitation treatment
for, 208
prognosis for recovery following, 202
Mini Mental State Examination
(MMSE), 250
Minnesota Multiphasic Personality
Inventory (MMPI), 265
Mirtazapine
for depression, 259
for mood disorders, 122
Modafinil, for fatigue, 93, 123
Modes of transportation, TBI due to,
36-37
automobiles, 36
bicycling, 37
motorcyclists and helmet use, 36-37
Modified Ashworth Scale (MAS),
218, 345
Monoamine oxidase inhibitors, 258
Monro-Kellie hypothesis, 13, 174
Mood disorders, 351-354
assessment
clinical presentation and
symptoms, 352
differential diagnosis, 352-353
risk factors, 352
classification, 351
epidemiology, 351
pathophysiology, 351-352
treatment
for depression, 354
for manic syndromes, 354
pharmacologic, 122
Mood stabilizers, for behavioral
dyscontrol, 261
Morphine sulfate
for ICP management, 177
for PAID, 333
for pain management, 267
for spasticity, 349
Mortality in TBI, 25



Motor control impairments, 217
Motorcyclists, 36-37
Motor impairments, and sexual
dysfunction, 278
Motor vehicle accidents (MVAs), 36
seatbelts and airbags, 36
younger drivers, 36
Movement disorders, 337-342
definition of, 337
epidemiology, 337
hyperkinetic movement disorders,
337-341
hypokinetic movement
disorders, 341
pathophysiology, 337
risk factors, 337
treatment, 337
Multiple concussions, 62
Multisociety Task Force,
and DOC, 201
Muscle relaxants
for posttraumatic headache, 368
for whiplash-associated
disorders, 97
Musculoskeletal headache, 365
physical examination, 366
radiographic assessment, 367
Myoclonus, 340

Naproxen, for posttraumatic
headache, 368
Narcotics. See also specific entries
for ICP management, 177
for pain management, 267
for posttraumatic headache, 368
National Center for Catastrophic
Injury Research (NCCSD), 30
National Center for Catastrophic
Sports Injury Research, 77
National Disability Rights Network,
The, 460
National Dysphagia Diets (NDD),
changes for oral sensory
awareness, 231
National Highway Traffic and Safety
Administration, 36
National Institute on Disability and
Rehabilitation Research
(NIDRR), 439, 461
Neck pain, 372
Nerve block, for spasticity, 348-349
Nerve palsy. See individual entries
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Neurectomy, for spasticity, 349
Neuritic pain, 365
physical examination, 366
and posttraumatic headache, 367
Neurobehavioral Guidelines Working
Group, 260
Neurochemical system, disruption of
and sexual dysfunction, 278
Neuroendocrine dysfunction, and
sexual dysfunction, 278
Neurogenic diabetes, 196
Neurointensive care unit, 174-179
Neuroleptics
for agitation, 193
for behavioral dyscontrol, 261
for depression, 259
for dystonia, 339
for mania, 260
for psychosis, 260
for tics, 340
Neuro-optometric rehabilitation (NOR)
definition of, 237
evaluation, 239
of visual dysfunction. See Visual
dysfunction, neuro-
optometric rehabilitation of
Neuropathology of TBI, 10-13
biomechamics, 10-11
future prospects, 13-14
neuroplasticity, 13
secondary injury, 11-13
Neuropharmacology in TBI, 256-261
choosing medication, 256
coexisting medical problems, 258
dosage, 256
number of medications,
minimizing, 258
post-TBI disorders, treatment,
258-261
anxiety, 260
apathy, 261
behavioral dyscontrol, 260-261
cognitive impairment, 258-259
depression, 259
mania, 259-260
psychosis, 260
Neuroplasticity, 8, 13
Neuroprotection, 8, 13, 180-185
definition of, 180
hyperglycemia, 184
hypertension, 182
hyperthermia, 183
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Neuroprotection—(Continued)
hypocapnia, 183-184
hypoxemia, 181-182
posttraumatic seizures, 184-185
Neuropsychiatric impairments, after
TBI, 256. See also Behavioral
impairment; Cognitive
impairment
prevalence, core features, and first-
line treatment of, 257¢
Neuropsychological assessment
(NPA), after mild TBI,
100-105
comprehensive. See Comprehensive
neuropsychological
assessment
definition, 100
issues related to, 104-105
examiner qualifications, 105
repeated testing, 105
timing, 104-105
for PTSD, 135
purpose, 100
role in cognitive impairment, 243
Neuropsychological testing, 45, 74,
101-102, 110, 117, 403
and decisional capacity, 285
Neuropsychologist, 397
Neurorestoration, 13
Neurotomy, for spasticity, 349
Neurovascular complications, after
nonpenetrating brain injury,
371-381
arterial dissection, 371-374
carotid-cavernous fistulas, 374-375
traumatic intracranial aneurysms,
375-381
Nifedipine, for posttraumatic
headache, 368
99mTc-HMPAO, 159
N-methyl-D-aspartic acid (NMDA), 180
antagonists, for pain
management, 267
Noncommunicating
hydrocephalus, 303
Nonmaleficence, 414
definition of, 412
Nonpenetrating traumatic brain
injury
evidence-based guidelines for
prognostication after, 273¢
studies of, 273¢

Nonsteroidal anti-inflammatory drugs
(NSAIDs)
for heterotopic ossification, 318-319
for pain management, 194, 267
for posttraumatic headache, 368
Noradrenergic agonists
for apathy, 261
for behavioral dyscontrol, 261
for cognitive impairment, 258
Normal-pressure hydrocephalus
(NPH), 304
Norton scale, and skin breakdown, 212
Nortriptyline
for depression, 259
for posttraumatic headache, 368
Nutritional considerations,
187-190, 193-194
diagnosis
clinical presentation, 187
monitoring, 187-188
treatment, 188-190
controversies, 189-190
glycemic control, 188-189
initial management, 188

Occlusive therapy, 300
Occupation, definition of, 223
Occupational performance,
definition of, 223
Occupational therapist (OT),
223-226, 397
assessment and evaluation, 224-225
definition of, 223
epidemiology, 223-224
intervention, 225-226
Occupational therapy, 428
Oculomotor (III) nerve palsy, 167
clinical presentation, 298
diagnostic evaluation, 300
management, 301
physical examination, 299
prognosis, 298
Olanzapine
for agitation, 193
for depression, 259
for mania, 260
for psychosis, 260
Older adults, TBI in, 434-439
aging and, 439
demographics of, 434
community reintegration, 439
comorbidity, 435-436



etiology, 434
mechanism, 435
morbidity, 435
outcome, 439
rehabilitation, 436-439
behavior and cognition, 438
bladder and bowel continence, 437
elder abuse, 437
medication management, 436
safety, 439
sensory health, 437-438
sexuality, 438-439
sleep disturbance, 438
substance abuse, 436
Olfactory (I) nerve palsy, 167
clinical presentation, 298
diagnostic evaluation, 300
management, 300-301
physical examination, 299
prognosis, 297
O-log, 20
and cognitive assessment, 250
Omega-3 fatty acids, 189-190
Opiate agonists, for pain
management, 267. See also
Narcotics and individual
medication entries
Opiate Risk Tool, 267
Optic canal decompression, 300
Optic nerve (ID) palsy, 167
clinical presentation, 298
diagnostic evaluation, 300
management, 301
physical examination, 299
prognosis, 297
Oral sensory awareness, 231-232
Orientation log. See O-Log
Orthotics, 220
Osmotic agents, for ICP management,
176-177
Outpatient community integration, 292
Overt Aggression Scale, 249
Oxygen, blood, 181

Pain, 194-195

assessment, 265-266
examination, 265-266
history, 266

chronic, 128

definition of, 264

generators in TBI patients, 264

management, 211-212, 264-269
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nonpharmacological
management, 268-269
pharmacological management, 267
primary goals in, 264-267
Pallidotomy, for dystonia, 340
Parasomnias, 357
Parenchymal contusions, 162, 162f; 163
Parenteral nutrition (PN), 187
Parkinsonism, 341
Paroxetine, for mood disorders, 122
Paroxysmal autonomic instability
with dystonia (PAID), 330
classification, 330
diagnosis, 332
criteria, 331¢
epidemiology, 331
incidence, 331
pathophysiology, 331-332
prognosis, 334
symptom persistence,
duration of, 334
treatment, 332-334
environmental management, 332
medical management, 332-333
Pathological laughter and crying
(PLO), 353
Pediatric concussion, 385-386
assessment, 385
signs and symptoms, 385
definition, 385
epidemiology, 385
management, 386
sports-related concussion, 386
pathophysiology, 385
Pediatric traumatic brain injury,
4, 274, 381-385
assessment, 383-384
history, 383
laboratory studies, 384
physical examination, 383-384
radiographic assessment, 384
classification, 381
definition, 381
disability and, 26
epidemiology, 381
management, 384-385
controversies, 385
initial management, 384
supportive care, 384
mechanism, 383
pathophysiology, 382-383
Penetrating injuries, 4, 274
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Pentazocine, for pain
management, 267
Pentobarbital, for ICP
management, 177
Performance
versus capacity, 224
and environment, 224
Performative capacity
versus decisional capacity, 286
Peripheral fatigue, 91
Peripheral nerve block, for pain
management, 267
Perseveration, 233

Persistent vegetative state (PVS), 200.

See also Vegetative state
Personality change due to TBI,
353. See also Behavioral
impairment
Personhood, 413
and decisional capacity, 286
Phenobarbital, for STADH, 196
Phenothiazine, for balance/
dizziness, 95
Phenytoin, 258
for PAID, 333
for posttraumatic seizures, 312
for seizures, 155, 195
Physiatrist, 395
Physical conditioning, 429. See also
Exercise
Physical impairments
and sexual dysfunction, 278
workplace supports for, 454
Physical therapist, 397
Physical therapy, 217-221, 428
behavior management, 219
epidemiology, 217
for heterotopic ossification, 318
for postconcussion syndrome, 121
for posttraumatic headache, 367
presentation and evaluation,
217-218
for spasticity, 346
treatment, 218-221
Pimozide, for tics, 340
Piracetam, for spasticity, 348
Pittsburgh Sleep Quality Index, 358
Pituitary gland
anatomy and physiology, 323, 324¢
Pituitary hormone dysfunction,
325-326
chronic phase, 326-327

Plasticity, 10, 13. See also
Neuroplasticity
Pleoptics, 300
Pneumonia, in dysphagia patients,
treatment, 232
Polyneuropathy, 189
Polysomnograpy (PSG), 359
Polytrauma Rehabilitation Family
Education Manual, 461
Polytrauma System of Care, 208
Positioning
changes for spasticity, 346
specialized, 220
Positive end expiratory pressure
(PEEP), 182
Positron emission tomography (PET),
84, 159
Postconcussion syndrome
(PCS), 67, 113-117, 125.
See also Postconcussive
Disorder (PCD)
definition, 113-114
diagnosis
clinical presentation, 115-117, 116¢
evaluation, 117
epidemiology, 114
pathophysiology, 114-115
treatment, 117, 119-123
cognitive rehabilitation, 121
education, 120
pharmacologic management,
122-123
physical rehabilitation, 121
psychological treatment, 121
Postconcussion Syndrome
Checklist, 120
Postconcussive disorder (PCD), 8.
See also Post Concussion
Syndrome (PCS)
confounding factors, 125-129
diagnostic criteria, 126-127
differential diagnostic issues,
127-128
affective issues, 128
comorbidities, 128
diagnostic assessments, 127
history, 127
pathologies producing
concussion-like
symptoms, 127-128
physical examination, 127
iatrogenesis, 128-129



mental health providers referral in,

140-143
cognitive behavioral health
treatments, 142
prevention, 142
symptom management, 141
nomenclature, 125-126
symptoms of, 8f
terminology, 126
Posterior pituitary dysfunction, in
acute phase, 325
Postinjuty presentation, 67
Posttraumatic amnesia (PTA),
7, 68, 233
assessment, 20, 245
Galveston Orientation and
Amnesia Test, 20
orientation log, 20
duration of, 402
after sports-related
concussion, 58
Posttraumatic headache (PTH)
classification, 364
definition, 364
diagnosis
clinical presentation, 365
history, 365
laboratory studies, 366-367
ominous examination
findings, 366
ominous symptoms, 365-366
physical examination, 366
radiographic assessment, 367
epidemiology, 364
pathophysiology, 364
treatment
nonpharmacological
treatment, 367-368
pharmacological treatment,
368-369
Posttraumatic hypopituitarism
(PTHP), 323. See also
Endocrine dysfunction
definition of, 323
epidemiology, 323
pathophysiology, 323-325
Posttraumatic leptomeningeal
cysts, 168
Posttraumatic seizures (PTS),
184-185, 309-314
definition, 309
diagnosis
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clinical presentation, 310-311
diagnostic evaluation, 311-312
laboratory studies, 312
physical examination, 311
radiographic assessment, 312
risk factors, 310
epidemiology, 309-310
pathophysiology, 310
treatment
initial management, 313
ongoing care, 313
treatment, 313, 185
Posttraumatic stress disorder
(PTSD) in TBI patients,
132-137, 417
definition, 132
diagnosis
clinical presentation, 134
controversies, 135
criteria, 132
evaluation, 135
risk factors, 133
symptoms, 134
epidemiology, 132
etiology, 133
in military, 425
pathophysiology, 133
treatment, 135-137
controversies, 136-137
initial management, 136
ongoing care, 136
Posttrauma vision syndrome
(PTVS), 238
Prazosin, 197
for PAID, 333
for PTSD, 136
Pregabalin, for pain
management, 267
Prehospital management, 147-150
aims of, 147
assessment, 147-148
patient management, 148-150
airway management, 148
endotracheal intubation
(ETD), 148
circulatory management, 149
intracranial pressure, 149-150
secondary care facility, transfer
to, 150
spinal immobilization, 150
ventilation, 149
Pressure ulcers, 212
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Prevention of TBI
general recommendations, 30-31
of sports-related concussion and
brain injury, 30-33
strategies, 35
Primary injury, 3
blast-induced, 419
definition of, 180
occurrence of, 10, 11
pathophysiology, 324
Primary prevention, 35
Primary treating physician (PTP), 390
Primidone, for tremors, 338
Progabide, for spasticity, 348
Progesterone, 181
Prognostication after TBI, 271-275
communicating prognoses, 274, 275t
evidence-based guidelines, 271-274
moderate TBI, 274
penetrating injuries, 274
recent developments, 274
Programmable shunts, 306
Prolotherapy, for pain
management, 268
Promethazine, for balance/
dizziness, 95
Prophylactic hypothermia, for ICP
management, 177
Propofol, 188
for ICP management, 177
for PAID, 333
Propofol infusion syndrome (PRIS), 177
Propranolol
for PAID, 333
for posttraumatic headache, 368
for PTSD, 136
for tremors, 338
Pseudobulbar affect, 261
Psychological treatment, 429
for postconcussion syndrome, 121
Psychosis
associated with epilepsy, 353
treatment, 260
Psychotherapy, 141
for cognitive impairment, 245
for sexual dysfunction, 280
Psychotic symptoms, and behavior, 249
Psychotropic drugs, for mood
disorders, 353
PTSD Checklist, 135
Pugilistic parkinsonism. See
Repeated head trauma

Punch-drunk, 74. See also Repeated
head trauma

Qi Gong, 443, 445, 446
Quality of life (QOL), 413
Quantitative electroencephalography
(QEEG), 85
Quaternary injury, blast-induced, 419
Quebec Task Force, 95, 96, 97
Quetiapine, for maniac
syndromes, 354

Ramelteon
and sleep, 358
for insomnia, 360
Rancho Los Amigos Levels of
Cognitive Functioning
Scale, 17, 17t
Range of motion (ROM), 217, 219
Rapid sequence intubation, 154
Rehabilitation, specialized brain
injury units in, 206-209. See
also Cognitive rehabilitation;
Physical rehabilitation
admission guidelines, 207
centralized brain injury units,
206-207
databases, 209
longitudinal care, 206
practice models, 206-208
treatment effectiveness, 208-209
Rehabilitation counselor, 397
The Rehabilitation Institute of
Chicago—Life Center, 460
Rehabilitation nursing, 211-215
behavior modification, 214
continence of bowel and bladder,
213-214
definition, 211
independence, promoting, 214-215
pain assessment and treatment,
211-212
restraint reduction, 214-215
safety, 214-215
skin breakdown, assessment and
prevention, 212-213
sleep/wake pattern, promotion
of, 213
Relationship issues, and sexual
dysfunction, 279
Relaxation, for posttraumatic
headache, 367



Repair/regeneration, TBI, 13
Repeated head trauma, 341
Repetitive head injury syndrome
(RHIS), 78, 79
Residential programs, 292
Resource facilitation (RF), 290
Resources, for TBI survivors/
caregivers, 457-462
access, barriers to, 457-458
advocacy/legal, 460
caregiver support/resources, 460
education, 458-459
leisure/social networking, 461
medical, 459
for mild TBI, 462
military, 461
neuropsychological/
psychological, 459
neurorehabilitation, 459
pediatrics/adolescents, 461-462
research, 461
transitional support, need for, 457
vocational, 460
Respect for autonomy, 414
definition of, 412
Restraints, reduction of, 214-215
Return-to-play, 59, 60¢
decision-making, factors
influencing, 61-63
Return to school, 60, 61t
Return to work (RTW), after TBI,
450-455
assessment, 451-452
factors, 451
physical examination, 452
vocational, 452
importance of, 450
incidence, 450
primary treatment models, 451
rehabilitative services, 451
unsuccessful, factors associated
with, 452¢
vocational interventions, 453-455
client instruction and
advertisement, 453
funding sources for, 451
selective placement, 453
supported employment, 453—-454
team approach, 453
workplace supports, 454-455
Rhizotomy, for spasticity, 349
Risperdal, for PTSD, 136
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Risperidone, 253
for agitation, 193
for depression, 259
for mania, 260
for psychosis, 260
Rivastigmine, for Alzheimer’s
disease, 111
Rivermead Post Concussion Symptoms
Questionnaire, 120
Rofecoxib, for heterotopic
ossification, 319

$100B, 52
Safety, 214-215
for older adults, 439
School-aged athletes, 60, 60¢
Scopolamine, for balance/dizziness, 95
Seatbelts, 36
Secondary care facility, transfer to, 150
Secondary injury, 3
blast-induced, 419
cellular dysfunction and
apoptosis, 12
cerebral edema and Monro-Kelie
hypothesis, 13
definition of, 180
hyperactivity during, 11-12
hypoactivity during, 12
mitigating, 13
neuropathology, 11-13
occurrence of, 10
pathophysiology, 324-325
Secondary prevention, 35
Second generation antipsychotics, for
depression, 259
Second impact syndrome (SIS), 8,
77-80
epidemiology, 77
diagnosis, 78-79
autopsy, 79
physical examination, 79
radiographic assessment, 79
pathophysiology, 78
prevention in sports, 79-80
treatment, 79
Sedation, for ICP management, 177
Sedatives, avoidance in TBI, 256
Seizure prophylaxis, 195. See also
Posttraumatic seizures;
Seizures
Seizures, 420
posttraumatic, 184-185
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Selective serotonin reuptake
inhibitors (SSRIs). See also
individual entries

for agitation, 193

for anxiety, 260

for apathy, 261

for depression, 259

for insomnia, 361

for mood disorders, 122, 354
for posttraumatic headache, 368
for PTSD, 136

for tics, 340

Self-awareness, 291

Self-determination, 414

Sense of self, 413

Sensory health, in older
adults, 437-438

hearing, 437
smell, 438
taste, 438
touch, 438
vision, 437
Sensory impairment, 244
and sexual dysfunction, 278

Sensory stimulation, in physical
therapy, 218

Serial casting, 219

Serotonin/norepinephrine reuptake
inhibitors (SNRIs)

for anxiety, 260

for depression, 259

for mood disorders, 122
Sertraline

for anxiety, 260

for depression, 259

for mood disorders, 122, 354

Sexual dysfunction, after TBI,

277-280
causes, 277-279
primary, 277-278
secondary, 278-279
treatment, 279-280
types, 277
Sexuality
assessment, 225
interventions, 226
in older adults, 438-439

Sexually disinhibited behavior, 249

Shuntogram, 306

Shunts, 305

complications, 305-306

Side-impact air bags (SABs), 36

Sildenafil, 439
Simple partial seizures (SPS), 309
Single photon emission computed
tomography (SPECT),
84, 110, 159
Sinus headache, 365
physical examination, 366
radiographic assessment, 366
Skiing, injury prevention
recommendations, 32
Skin breakdown
assessment, 212
prevention, 212-213
Skull fractures, 6, 164, 166-169
characteristics describing, 166-167
epidemiology, 166
etiology and pathophysiology, 167
evaluation, 167-168
clinical presentation, 167-168
radiographic evaluation, 168
special, 168
management, 169
Skull radiography, 53
Skull x-rays (SXRs), 158-159
Sleep/wake pattern, 213
Sleep
and neuropharmacology, 358
neurophysiology of, 357-358
Sleep disturbances, 357-362
definition of, 357
insomnia, 358-362
in older adults, 438
sleep architecture, 357
Sleep dysfunction, pharmacologic
treatment for, 123
Sleep hygiene, 360
treatment, 120¢
Sleep log, 358-359
Snowboarding, injury prevention
recommendations, 32
Soccer, injury prevention
recommendations, 31
Social integration
assessment, 225
interventions, 226
Social model versus medical model
interventions, 290
Social support
assessment, 225
interventions, 226
Socioeconomic status, and cognitive
impairment, 243



Sodium amobarbital, for pain
management, 267
Sodium valproate. See Valproic acid
Softball, injury prevention
recommendations, 31
Somatic manifestations of mild TBI,
91-97. See also Headache;
Posttraumatic headache;
individual entries
balance and dizziness, 93-95
fatigue, 91-93
whiplash-associated disorders,
95-97
Spasticity, 193, 219, 344-349
assessment
clinical manifestations, 344-345
considerations, 345-346
physical examination, 345
scales, 345
definition of, 344
pathophysiology, 344
treatment
goal, 346
interventional approaches,
348-349
nonpharmacologic
management, 346
pharmacologic management,
346-348
surgical treatment, 349
Spatial visual process, 238
Specialized vocational services
(SVS), 292
Speech and language pathologist,
397, 428
Speech therapy, 229-235
cognitive communication
impairments, 233-235
dysphagia, 229-232
Sphenoid bone, fractures across, 168
Spinal accessory (XD nerve palsy
clinical presentation, 299
management, 302
physical examination, 300
Spinal immobilization, 150
Split tibialis transfer (splatt)
procedure, for spasticity, 349
Sport Concussion Assessment Tool 2
(SCAT?2), 30
Sports, prevention of SIS in, 80
Sports-related concussion, 58-63
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and combat exposure,
comparison, 418
management of, 59-63, 386
return-to-play guidelines, 59, 60¢
return to school, 60, 61¢
prevention of, 30-33
baseball, 31
cheerleading, 31-32
football, 31
ice hockey, 31
lacrosse, 31
skiing, 32
snowboarding, 32
soccer, 31
softball, 31
track and field, 32
symptoms, identification of, 58-59
Standardized Assessment of
Concussion (SAC), 31
Stereotactic surgery, for tremors, 338
Stereotypy, 341
Stimulus control, for insomnia, 360
Strabismus surgery, 300
Strengthening programs, 219
Stretching programs, 219
Structural imaging, brain, 82-83. See
also Brain imaging
Subarachnoid hemorrhage (SAH), 6,
of; 161
Subclinical seizures, 309
Subcortical structures, damage, and
sexual dysfunction, 277-278
Subdural hematomas (SDHs), 5, 5f;
160, 160f, 171
in older adults, 435
Substance abuse, 291
and cognitive impairment, 243
in older adults, 436
in military, 427
Substance-induced mood disorder, 353
Sumatriptan, for posttraumatic
headache, 368
Supervision Rating Scale (SRS), 439
Supported employment, 453—454
Supportive care, for disorders of
consciousness, 202
Surgery
for arterial dissection, 373
for dystonia, 339
for epidural hematoma, 170
for heterotopic ossification,
319-320
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Surgery—(Continued)
for hydrocephalus, 305
for skull fractures, 168
for subdural hematoma, 171
for tremors, 338
Surgical clipping, for TCIA, 381
Swallowing
phases of, 229-230
status, 193-194
Swallowing therapy, for dysphagia, 232
Sympathetic/autonomic storming.
See Paroxysmal autonomic
instability with dystonia
(PAID)
Symptom
checklists, for PTSD, 135
persistence, in mild TBI, 65
Syndrome of inappropriate
antidiuretic hormone
hypersecretion (SIADH),
196, 326
Synthetic ACTH (Synacthen) test, 325
Systemic hypotension, 154
Systemic insults, 180
Systemic stabilization, 13

Tadalafil, 439
Tai chi, 443, 445, 446
TBI Model Systems Knowledge
Translation Center, 459
Temperature control, for ICP
management, 177
Temporal lobe
contusions in, 170
damage, and sexual dysfunction, 278
Temporomandibular joint
syndrome, 365
Tendon lengthening, for spasticity, 349
Tenotomy, for spasticity, 349
Tension pneumocephalus, 168
Tension-type headache, 365
physical examination, 366
radiographic assessment, 367
Tertiary injury, blast-induced, 419
Tertiary prevention, 35
Testosterone deficiency, 326
Tetrabenazine, for dystonia, 339
Tetrazepam, for spasticity, 348
Thalamic radiofrequency lesioning,
for dystonia, 340
Thermal tactile stimulation, for oral
sensory awareness, 231

Third ventriculostomy, for
hydrocephalus, 305
Thyroid stimulating hormone (TSH)
deficiency, 327
Tics, 340-341
Tissue tear hemorrhages (TTHs),
163, 164
Tizanidine
for pain management, 267
for spasticity, 347
Topiramate
for maniac syndromes, 354
for posttraumatic headache, 368
Track and field, injury prevention
recommendations, 32
Tramadol, for pain management, 267
Transcutaneous electrical nerve
stimulation, for pain
management, 268
Transependymal fluid, 304
Transportation, 226
modes of. See Modes of
transportation
Traumatic axonal injury (TAD), 6. See
also Diffuse axonal injury
Traumatic brain injury (TBD)
definitions and nomenclature, 3-9
structurally based descriptions
of, 4-7
Traumatic Brain Injury Model
System, 209, 272
Traumatic intracranial aneurysms
(TICA), 375-381
clinical presentation, 376
imaging, 376
treatment, 376-381
Trazodone, 253
for agitation, 193
for insomnia, 361
for PTSD, 136
Tremor, 337-338
Tricyclic antidepressants (TCAs), 438.
See also individual entries
for depression, 259
for mood disorders, 354
for pain management, 267
for posttraumatic headache, 368
for whiplash-associated disorders, 97
Trigeminal (V) nerve palsy
clinical presentation, 298
management, 301
physical examination, 299



Trihexyphenidyl, for dystonia, 339
Trochlear (IV) nerve palsy
clinical presentation, 298
diagnostic evaluation, 300
management, 301
physical examination, 299
Tryptophan, for myoclonus, 340

Ulcers, pressure, 212

Uncomplicated mild traumatic brain
injury, 45, 68

Uniform Data System for Medical
Rehabilitation, 209

United States Department of
Defense (DoD)

TBI classification system, 425¢

Urinary incontinence, 194

US Department of Defense, 66f

US Department of Veterans Affairs, 66f

Vaclofen, for hemiballism, 341
Vagus (X) nerve palsy

clinical presentation, 299

management, 301-302

physical examination, 300
Valerian root, for insomnia, 361, 362
Valproic acid

for agitation, 193

for maniac syndromes, 259, 354

for mood disorders, 122

for myoclonus, 340

for posttraumatic headache, 368

for posttraumatic seizures, 313
Vardenafil, 439
Vascular dysfunction, acute

or delayed

and headache, 366
Vascular injury, 366, 371-378
Vasoactive medications, for

posttraumatic headache, 368

Vasogenic edema, 162
Vasospasm, 420
Vegetative state (VS)

causes of, 199

clinical features associated with, 203¢
Venography

computed tomography, 168

magnetic resonance, 158
Venlafaxine

for mood disorders, 122

for pain management, 267
Venous epidural hemorrhage, 167
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Venous sinuses, fractures across, 168
management, 168
Ventilation, 149
Ventriculoperitoneal shunt, for
hydrocephalus, 305
Ventrolateral preoptic nucleus
(VLPO), 357
Verapamil, for posttraumatic
headache, 368
Vertebral artery injury, 366, 372-373
Vertigo Handicap Questionnaire, 95
Vertigo Symptom Scale, 95
Vestibular pathology, 218
Vestibular rehabilitation. See Balance
rehabilitation therapy (BRT)
Vestibular rehabilitation programs,
219
Vestibular stimulation, for pain
management, 268
Vestibular suppressants, for balance/
dizziness, 95
Vestibulocochlear (VIII) nerve palsy
clinical presentation, 298
diagnostic evaluation, 300
management, 301
physical examination, 300
Veterans Administration (VA) care
system, 425
Video electroencephalogram
(VEEG), 312
Violence, 38
Vision therapy
definition of, 237
for visual dysfunction, 239
Visual Analog Scale for Fatigue, 92
Visual dysfunction
centrally mediated visual
dysfunction, treatment of, 239
definitions, 237
neuro-optometric rehabilitation of,
237-239
symptoms, 237-238
visual processing
dysfunction, 238-239
normal, 238
Visual evoked response
(VER), 300
Visual field defect/neglect, 237-238
Visual midline shift syndrome
(VMSS), 238-239
Visual processing, normal, 238
Vocational re-entry, 292
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Vocational rehabilitation (VR), for
work-related TBI, 391
Wakefulness, neurophysiology
of, 357-358. See also Sleep
Wandering, and behavior, 249
Wechsler Test of Adult Reading, 244
Westphal phenomenon, 345
Whiplash-associated disorders
(WAD), 95-97
classification, 96
definition, 95
diagnosis
clinical presentation, 96
examination, 96-95
radiologic assessment, 97
epidemiology, 96
pathophysiology, 96
treatment, 97
‘Women
MTBI incidence in, 390
and sports-related concussion, 62

Workers’ compensation (WC), 389-391
work-related TBI, 390-391
and traumatic brain injury, 389-390
Workplace supports, 454—455
Work-related TBI, 390-391. See also
Return to work (RTW)
costs, 390
epidemiology, 390
management, 390-391
World Health Organization
(WHO), 35, 126
Collaborating Centre Task Force on
Mild Traumatic Brain Injury,
43, 403

X-rays, 168
Yoked prisms, 239

Zolpidem, for insomnia, 361
Zyprexa, for PTSD, 136
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